28855 








SCIENCE 0 > CULTURE 

A MONTHLy JOURNAL DEVOTED TO NATURAL <S> CULTURAL SCIENCES 



Vol. 3. Nos. I-I2. 

f/u/y /937-yune /938) 


Edited b}) 

Prof. M. «. snm, Allahabad. 

Props. K- MlTRn. Calcutta . Prof. R. C. GUM7T. Calcutta. 

Prof. J. C. GHOSH, Dacca. 


Ofice 

92 UPPER CIRCULAR ROAD, 
CALCUTTA 
1 ^ 8 . 



Printed a.nd Published by Anii, Hosk, The 

Indian Frees Ltd. 93- A, Dhurrumlalla St., Calcutta. 



TITLE INDEX 


A 


j)a{{i 


Abrioriual Spikclcts in Paddy, Onjza Salint 
Ijinn * . • . . 177 

Absorption of Kadio Waves iii the Ionosphere (i79 


Absorption Spectra of (J 0 CI 2 Vapour . . 495 

Absorption Spectra of Rare Karlh Salts ol 

Ranchi Allanite and (laya Monazite . . 578 

Accidents in Indian Coal Mines . . . . 24 

Activities of the Marketing: Board . . 434 

Adler, Dr Alfred (Obit,) . . 123 


Aetiology of Epidemic Dropsy (Heri-Beri), 

The . . . . . . . . 34 


Ageing of Power Condensers and its Reme(I>^ 112 

Agricultural Research . . • • 385 

Agricultural Research in India . . . . 277 

Allantoin and Cicatrization of Wounds . . 95 

All-India Educational Conference . . 231 

All-India Electrical Conference, First . . b07 

All-India Institute of Hygiene ami Public 
Health . . . . ■ • 


Alumina and Cements from Waste Slags . . (il() 
Ananda Temple of Burma, The . . 482 

Ancient Indian Medicine and Modern 

Therapeutic Research . . . . 144 

An Egyptian Mirror Handle in Fossil Bone . . 294 

An Insectivorous Plant in Bengal . . 97 

An Intnnhuiioii to Anlhropoloffij (/frr.) . . 54 

Annual Bibliography of Indian Anhaiology 

for the Year tOJo . . . . ^1(16 


Anomalous Dielectric Constant of Artihcial 


Ionosphere 

Anthropological Society . . 1 

Anti-Tuberculosis Campaign in India 
Appreciation of the Late Sir »], Bose, An 
Archaeological Discovery, Important 
Archaeological Excavations at Khekrakot and 


. 335 
75, 242 
. 547 
. 34(i 




Kausambi 

Archaeology, Needs of Indian 
Are the Himalayas Compensated . . 
Artificial Radioactivity in Therapeutics 
Artificial Silk from Cotton, Production of 
Atom Tracks Exhibition at Kensington 
Attempt on Mount Everest, Yet another 


. 325 
. 129 
. 375 
. 492 
. 554 
. 326 
. 664 


page 

B 

Behaviour of the Forbidden Oxygen Jjines . . 491 

Bengal Co vernment ’s Proposed Conference 

on Irrigation . . . . 662 

Beri-bori and Mustard Oil . . 255 

“ Beri-beri and Mustard Oil,^’ A Note on 

Dr S. Dutl's Paper on . . . . 441 

Bihar Coiiferencc fur Iniproveiiient of Agri- 
culture . . . . . . 6()2 

Bihar Electrifie/ition Scheme . . . . 426 

Bihta Railway Disaster, The Enquiry (./om- 

mittce^s Report on the . . . . 606 

Biochemical Society, Calcutta . . . . 565 

Biology of Longevity and Death .. .. 351 

Biswas, Dr K. P. . . . . 386 

Blood Croups and Cleneties .. .. 674 

Blood Croups in Veddahs . . . . 393 

Bose. Prof. D. M. and Saha. Prof. M. N. . . 608 

Bose, Sir Jagadish (Jhandra (Ohil.) .. 34! 
Botanical Society of Bengal . 29<), 494, (>22 

Botanical Survey of India, Report of the . . 611 

Boulder Bed in tlie Krol Hills near Solon, 

Ona .. .. .. .. 403 

Brahmachari, Sir V. N. . . 106 

British As,sociat ion Meeting for 1938 .. 482 

British Experts on Edueatinnal Reorgani- 
zation .. .. ..159 

Bye-Produet of Beet Sugar h'ermentation, 

A .. .. .. ..107 


c 

Calcutta (Amporation and tlie Question of 


Electricity Supply . . . . 482 

( •alcutta Mathematical Society . . . . 493 

(’alculla — Past and ih-e.sent (Suppl.) 23, (348f) 
Cattle and Dairy Industries of India, Develop- 
ment of . . . . . . 571 

Cavendish Pn>fessor, New . . . . 551 

Cellulose-Lignin Combination. On .. 398 

Ceineiit Factory in Bihar, A New . . 558 

Cements from Waste Slags, Alumina and . . 616 

Central Advisory Board on Primary Edu- 
cation, The . . . . . . 547 



( 2 ) 


page 

Chemical Industry in U. S. A. . . 235 

Chemical Reagent for Vitamin Bi . . 172 

Chemists’ Suggestions for Induslrial Develop- 
ment, Bombay • • 667 

Cliopra, Bt. Vol R. N. . . 165 666 

Circulation ol* IMiosphoriis in Body .. 393 

(hlrie and Oxalic Acids fn)m “ (Jiir ’’ and 
Molasses, The Fermentative Proiluc- 
tion of . • • 397 

Coal Tar and C(ail Tar Broducts, Indus- 
try of • ■ 237, 289 

Coal Trade in Imlia . . 487 

Coins of Ancient India by Mr John Allan, 

1931) — A Review, The Catalogue of the . . 462 
Comjiarative Study of Vitamin (’ in a few 

Oerndnated Oilseeds, A .. .. 176 

Condensation of Resacetophenone with Ethyl 

Acetoacetate . . . . . . 244 

C\)nditione<l Reflexes 381 

Congress of Philosophy, the Ninth Inter- 
national . . . . . . 659 

Conservation of Ancient pieces of Iron .. 287 


(Constitution of “ ArtoStenone,” a Keto- 
(’ompound related to sterols i)resent in 
the Indian Summer Fruit Arlocarpus 


hi(< (fri folia . . . . iO 

(’ontrol of Kaging Waters, the .. lOl 

Cooler R-egion Animals larger than Warmer 

Region Ones . . . . 483 

(’o-operation of Scientists ami Politicians, Need 

for . . . . . . . . 546 

(\)pper (’ompdex in the Role of Ascorbic Acid 

Oxidase .. ,.241 

Cosmic Radiation, the Mystery of 13,91,252 

(’osmic liay Showers, On .. ..114 

('osmk lift If s Thus far (hVr.) .. 52 

‘ (’oulsonite,’ on the So-called 122,247 

Counteraction of ( Vreal-ricket by fat .. 492 
(h‘iti(iue of the New Ideas on Examination, 

A .. .. 214,262 

Crop Rcsearcli in India . . 434 

Ciiddapahs of Peninsular India, A tilery on 

the . . . . 340 

D 

Davisson, (\ and Thomson, 0. P., .. 323 

Destruction of various toxins by Digestion with 

Proteolytic Enzymes . . . . 49': 


page 

Determination of Iso-Electric Point of the 

Neiirotoxiii of the Russell Viper Venom . . 297 
Determination of Total Nitrogen in complex 

Nitrogenous Bodies, The . . . . 180 

Dt^elopmeiit of Industry, IJ. P. Schemes for 
the . . . . 387 

Dielectric Conslaui of Ionized Cases . . 438 

Dietary Prevention /jf fatty Livers .. 439 

Diphtheria Toxin and Vitamin (’ . . . . 331 

Discovery of Cannons with Inseriptions . . 161 

Dissociation Energy of (’N Molecule .. 619 

Distribution of Fisher’s Taxonomic Co-effieieiit 

uTid D'-'-Statistic, On the .. 335 

Distribution of the Means of a certain Bessel 

function Population, On the . . . . 335 

Domestication of Animals on Ilunian Civiliza- 
tion with ]\*irticular Reference to India, 

The Bearing of the .. ..408 

Doiiville, Professor Henri (ohil.) .. 62 

Drama of Chemistry, The {Dev.)., .. 625 

Drilling Mud: Its Manufacture and Testing . . 93 

Drug .Addiction Theory . . . . 38 

Drug Imluslry ifi Assam, IVssibilities . . 612 

Drug Industry in India, The Future and 

Prospects of . . 327, 388 

Drugs and Oalenicals, Their (iuantilativc 

Analysis . . . . . . 568 

Dublabera \'aiiadium, Discovery of . . . . 404 

Durban (’ompaiiy to Utilize Bagasse, A New . . 289 

E 

Eartiujuake lh’o])lems India . . 637 

Earllupiakes in Imlia in 1937 .. .. 661 

Eastern Himalayan Blood (Iroiips .. 241 

Economic Ills, India’s . . 385 

Economic Surveys and Studies, (lovernment’s 

Proposed . 667 

Eddington, Sir Arthur Stanley . . 417 

Eddington to Allahabad, Visit of Sir A. S. . . 432 

Education as Helpmate to Industry . . 488 

Educational Comniissioiier, The Annual Report 
of .. .. .. 548 

Effect of Dusting Paddy Plants etc., A Note 

on the Experiment to investigate . . '401 

Effect of Overfeeding on the Protein Metabo- 
lism of Man . . . . 48 

Effect of the First Mating on the Fecundity 

of the Pulse Beetles, A Note on the . . 119 



( 8 ) 


page 


Effect of Vitamin C and other reducing sub- 
stances on certain toxins, The . . 243 

Electrical Conference, Important Resolutions 

of the . . • • b07 

Electrical Developments in Madras . . 166 

Electrical Power, India’s 665 

Electricity for heating Soils . . . . 107 

Eleetrodialysis of Serum with a new Dia- 
phragm, on the . . 678 

Electron Density Map of Anthraquinone . . 570 

Entomological Society of India, The . . 545 

Epidemic Dropsy, The Aetiology of . . 34 

Eugenol, Search for sources of . . . . 135 

Exploration on Shiva’s Temple .. .. 282 

Explorations in the (lobi Desert . . 502 

Extraction of Hard Lac Resin by means of 

Aqueous Solutions . . . . 173 


F 

Facilities for training at the Technological 


Laboratory. Matunga . . 283 

Fastness of Colours . , . . . . 109 

Fellows of the Royal Society, New . . 42 

Femur and Humerus of Sinai} thropm 

Pekinensis . . . . . . 620 

Field J.H. {obit.) .. .. ..60 

Fire-Swallowing . . . , . . 281 

Fish and Himalayan Geography . . . . 430 

Fish Mortality, Strange Cause of . . 664 

Fishery in Bengal . . . . . . 103 

Flood Control Research at ("ornell University 606 
Flood Problem of Orissa, The . . . . 552 

Flowering by means of Butylene Gas . . 386 

Forest Ranger’s Training in Bombay, 

Arrangement for . . . . 663 

Formation of Lignin . . 174 

Fruit Preservation — Its future Possibilities in 

India . . . . . . . . 85 

Fruit Research in Ibigland . . . . 8 

Future of Indium . . . . . . 44 

G 

Gangotri Glacier moved, Has the . . 546 

Geodetic Survey of India — Jioport for 1936 . . 38 

Geological Congress, The 17th International . . 539 

Geological, Mining and Metallurgical Society 
of India . . . . • • 623 

Geological Survey in 1936 . . 105 

Geological Survey in Burma . . 546 


page 

Glass Industry in India . . 170, 613 

Glass-making Sands of Bargarh, The . . 558 

Gold Deposits in Jashpur State, Suspected . . 70 

Golden Figure from Columbia, New . . 675 

Government Scientific Departments and 

JiCarned Societies {SappUt) . . 348 

Gravier, Professor Charles . . 485 

Gravity Observations . . . . . . 40 

Guide to Indian Cottons, A . . . . 103 

Guide to Sarnath, A (Itcu.) 


H 

Heat of Vaporization of Elements of High 
Melting Points . . . . . . 172 

Heavy Electron, A Further Note on . . 563 

Heavy Electron, The . . . . . . 257 

Heavy Nitrogen . . . . . . 325 

High Commissioner’s Report on Indian 
Students . . . . 281 

High Tension Plant for Atomic Disintegration, 

A new . . . . , . 295 

Higher Fatty Alcohols . . 435 

Himalayas Compensated, Are the . . 375 

Hindu Mathematics .. .. 521,579 

History of Evolutionary Thought, The .. 218 
How long will the world’s Power Resources 

last? .. .. .. ..234 

llyilrueleclric Power Stations of Norway . . 612 

I 

Idea of Nation in Europe, The .. .. 453 

Imperial (’onncil of Agricultural Research 

Annual Report oT the 404,249 

Imperial Library, Annual Report of the . . 480 
Import of Chemicals and Allied Materials to 

India . . . . . . . . 235 

Improvement of Indian Museums . . 162 

Indian Chamber of (k)mmerccs’ Views on the 

Proposed Recruitment Scheme . . 661 

Indian (Jhemieal Society 57,242,395,493, 

621, 677 

Indian Malhematical Society .. 623 

Indian Museums Conference .. .. 609 

Indian National Reconstruction and the 

Soviet Example . . . . . . 185 

Indian Physical Society . . 494, 676 

Indian Scholars in Ancient Greece . . 114 

Indian Science Abstracts . . . . 232 



( 4 ) 


page 

Indian Science Congress Association, Silver 

Jubilee Session and Future of the . . 499 

Indian Science Congress, Next Meeting of 
the .. ..429 

Indian Science Congress Jubilee Meeeting . . 232 

Indian Science Congress, The . . . . 349 

Indian Science (.^nigress Association 1914-38 307 
Indian Science (\mgress Association — Discus- 
sions . . . . . . 102 

Indian Science News Association . . . . 296 

Indian Statistical Conference 1938 . . 326 

Indian Statistical Institute . . . . 106 

Indian Students and foreign Scholarships . . 231 

Indian Vegetable Oils .. .. 107 

India’s Kcononiic Ills . . . . . . 385 

India's Population, Dr R. B. (jal on .. 662 

Industrial Development of Bihar . . 557 

Industrial Survey of Bengal, Need for . . 668 
Industry of Coal tar and (.’oal tar 
Products 237,289 

Influence of Animal Hormones on Plant 
Growth . . . . . . 564 

Informative Content of Kducation, The . , 200 

Institution of Chemists (India) . . 565 

Intelligent Man’s Guide to the Production and 
Economics of Electrical Power, The 506,574 
Intensity Variation of the Auroral Gun Line 
of the Night Sky Light . . 298 

International Congress of Esthetics . . 41 

International Congress of Psychology . . 433 

International Petroleum Congress . . 42 

Internuclear Distance of the Alkali Halide 
Molecules . . . . 440 

Interprejation of the Absorption Spectra of 
PrlV.. .. 299 

Intravenous Injection of Aspirin for Malaria 386 

Introduction to Optics (Rev.) . . . . 568 

Iodine preferable in Acpieous Solution . , 234 

Iron as Food . . . . , . .139 

Irrigation in India . . . . . . 136 

Irrigation Research Institute, Lahore, Develop- 
ment of .. .. .. ..518 

Isolation of Ascorbic Acid from Urine . . 439 


j 

Jayswal, Dr K. P. . . . . . . 165 

Jeans, Sir dames . . . . . . 283 

Jeans, Sir James Hop wood . . . . 317 


page 

Jubilee of the Indian Science Congress, 
Coming . . . . . . . . 160 

Jute Fibre and the k^ictors determining Yield 
and Quality, Structure and Development of 399 
Jute Waste for Hessian-making, Utilization 
of .. .. ..569 

. K 

Kharius, The {Rev.) 

Kotla, Firoz Shah . . 233 

L 

lAihoratory Method of Organic Ohemistry 
(Rev,) ' .. .. ..53 

Laterite and Laterilic Soil, On the Nature of 69 
Ligno-CelJulose, Studies on . . . . 442 

Liquid fuel from Water Gas, Production of . . 670 

Live-Stock Wealth of India . . 160 

Living Index figures 431 

Longevity and Death, Biology of . . 351 

liongitudinal Waves in D(*genci’ate Gas, A 
Note (III . . . . 682 

Lord Nuffield 's Latest Gift to Oxford . . 282 

M 

Magnetic Disturbances during a sudden 
(’hromospberii* fiare from the Sun . . 294 

Magnetic Moment of llie Proton . . 393 

Magnetic Properties of Cobalt Oxide .. 245 

Magnetic Properties of NiO ..118 

Manufaidurc of Patent or Proprietary 
Medicines . . 614 

Manufacture of Pharmaccuticfals in India . . 442 

Marble in N. W. F. Province, Illimitable 
Deposits of . . . . . . 556 

Marconi, Marciiese. Guglielmo (obit.) . . 181 

Mars and Arid planet . . . . 483 

Masood, Sir Syed Ross . . . . 165 

Mathematics, Hindu 521, 579 

Maya Astronomy. The 100 

Measurement of the True Height of the 
F-laycr . . . . . . 497 

Mechanism of (Cyclones in the Bay of Bengal 458 

Medical Profession in India . . . . 278 

Medical Reijearch in India . . . . 36 

Medical Use of Radio-Sodium . . 234 

Metallic complexes with Oxalenediamidoxime 443 
Metooritic Collections of the Indian Museum . . 325 



( 6 ) 


page 

Meteorology in India . . . . . . 542 

Metric System in Industry . . . . 327 

Micro-chemical Method for the confirmation 
of the Molecular etc., A new . . . . 297 

Middle Atmosphere, The 

Milky Way and Beyond, '.'‘he . . 528 

Mineral Deposits in Tripura State . . 669 

Mineral Nutrition in Agriculture 151 

Minerals in India in 1936 . . 327 

Minor Planets ..312 

Molecular Dcfoniuitoin at Low Temperature 245 

Molisch, The Death of Prof. H. . . 386 

Monumeiil at Hathgaon in the United 

Provinces . . . . 42 

Morton Mains Disease . . . . 42 

M().scow — A Sea Port 209 

Moscow- Volga (Vinal, The . . . . 101 

Mukhopadhyaya, Dr Shyaniadas [obit,) 124 

Museums A plea for an Kthnograpliic* 

Section, (lur . . . . 591 

Museums Coni!crence, Indian 609 

Museums in India . . 1 

Miitual Inversion of the Stark Levels of six- 
co-ordinated and four-co-ordinated Uo*^-iuns 
in Crystals 619 


Mystery of (Josmic Radiation, The 13,91,252 

N 

National Aca<lemy of Sciences 334, 565, 621, 

394, & 242 

National Institute of Sciences of India . . 334 

National Supply of Bloctricity, On the . . 65 

Natural (huses in Sylhet .. .. 628 

Nature of Ijaterite and laiteritic Soil, On the 69 

Needs of Indian Archaeology . . . . 129 

Neoprene — a new Synthetic Rubber , , 44 

New Anthropological Instrument . . 331 

New Industrial Processes developed in 
IJ. S. A. . . . . . . 166 

New Phenomenon occurring in Ionosphere, A 115 
New Purine in Tea, The Discovery of a 173 

New Short-wave Transmitters for India . . 43 

New Ultra-high-frequency Valve; A . . 48 

Nobel Laureates in Chemistry and Medicine 
for J937 .. .. .. 383 

Note on the Analytical Proof of Kirchoff\s 
Law, A . . 245 

Nutrition Advisory Board in India, Need 
f or . , . . . . . . 629 


page 

Nutrition Defects in India . . . . 279 

Nutrition in India. The Problem of . . 631 

0 

Decurreiico of Cajuallanu^ ambaniis Pcarse 
1933 in an Indian edible Fish. On the . . 298 

Oil from Grape Stones . . . . 435 

Opisthecoelaiis Vertebra in Birds, On tin* . . 245 

Optics, Twenty years of Soviet . . . . 647 

Origin of Coal . . . . . . 240 

Origin of Wheat and a ivw other (’ultivated 
Plants, The . . . . . . 643 

Outline of the Field Sciences of India, An . . 480 

Output of Flectricity in Great Britain .. 43 

Oxford Municipality agaiiist Lord Meston and 
othei-s, Fight of the . . . . . . 602 

Ozonosphereandthe Karly Morning Increase of 
the K-ljiiyer louizaliou oi the Ionosphere, The 496 

p 


Palit Professor of Physics, New . . . . 554 

Paper Industry, Indian . . 556 

Paper Industry in India . . 287 

Partial Separation of the Neurotoxin of 
Russell Viper Venom . . 298 

Past Presidents of the Indian Science 
Congress ((Suppl.) .. .. 404f 

Patent or Proprietary Medicines Manufacture 
of . . . . 614 

P. C. Ray — Mall and the Scientist . . 158 

Petrol from Coal . . . . . . 161 

Philosophy — what should it be! . . . . 432 

Phoebe from A.ssam, A new species of . . 402 

Photo-imlination of Ph*iiyl -acetylene, Di- 
Cyclopintadienrie etc. . . ., On the . . 120 

Plant Hormones . . 233 

i^lant Hybridizing Work done in India, A 
Review of the . . . . . . 422 

Plant Physiology in the U.S.S.R. . . 545 

Plastics from fixed Glyceride.s, A new Method 
for the Preparation of . . 495 

Point in the Proof of Kirch(»ff\s Law (A 
reply), On a certain . . . . 338 

Point in the Proof of Kirchoff's Law, On a 
certain . . . . . . 118 

Poison Gases in Modern Warfare . . 445 

Police Radio . . . . 41 



( « ^ 


page 

Potassium Salts from Molasses . . . . 166 

Power Alcohol from Molasses * . . . . 387 

Power Alcohol in India, The (|uestioii of . . 65 

Power Alcohol, Possibility of Production of . . 485 
Power Research and iTivestigation Board in 
India. Need for a . . . . . . 405 

Power Supply, Sym])osium on India’s .. 594 

Preparation of Weighable Quantities of Isotope 
87 of Sfronliuni etc. . . . . 492 

Presidential Address, (icncral . . . . 358 

Primary Education of (Jirls .. .. 549 

Probable Role of (.’arotenc in the metabolism 
of h\its, Purthcr Observations on the . . 396 

Problems of River IMiysie^s and how they are 
Solved . . . . . . 132 

Production and Economics of Electrical 
Power, The Intelligent Man\s (luide to 

tlie . . . . 506, 574 

Progn'ss of Agriculture in India . . ... 431 

Promoter Eifect upon a Nickel catalyst using 
as Reactants, etc., A study of the specific 
Nature of .. .. 396 

Proposed Archaeological Activities in India . . 100 

Proposed Excavation in Frontier . . 483 

Proi)i»sod Museums’ Conference . . . . 159 

Proposed Recruitment Seheme, Indian 

(!haml)ei* of Commerce’s Views on the .. 661 

Psychological Approach to (h’iminology .. 270 

Pulitzen Prize awarded to Mr G. B. lail . . 43 

Q 

Question of Power Alcohol iti Irulia, The . . 5 

R 

Radio-active isotope of Potassium and the Age 
of the Earth . . . . , . 325 

Radio Fadeouts and Solar Eruptions , . 338 

Radio Organization . . . . . . 159 

Radio Research in India . . 551 

Radio V'alves and Philips . . . . 669 

Radio Waves from the Middle Atmosphere, 

The Return of . . . . . . 392 

Radium E . . . . . . . . 233 

Recent Advances in Magnetism Relating to 
(Uiemistry, \ Survey of . . . . 466 

Rectification of Alternating Current by (Crys- 
tals, Investigations on the . . . . 490 

Red Shift in the Solar Spectrum . . . . 322 

Relapsing ("orrosiou of Ancient Bronze and 
Copper . . . . . . 100 


page 


Relativity Tested . . . . . . 155 

Reorganization of Educational System in 
U. P., Move for . . . . 484 

Research in Goat Pneumonia . . . . 554 

Recearch in Indian Medicines, Need of . . 608 

Research in Jndigejioiis Burmese Medicines, 

Need of .. .. ..663 

Resistivity of tliiri Fj;lms of Metal, On the . . 626 

Role of Argon in the Emission of Swan Bands 337 
Role of Carotene in Metabolism of Eats. The . . 244 

Root-forming Skatole . . 173 

Rotation about a Single Bond, Restricted . . 674 

Royal Asiatic Society of ikmgal 51, 334, 394, 

493, 622. 676 

Rutherford of Nelsoii, Lord . . 300 

s 

Suntai Dictionary . . . . . . 162 

School Hygiene Seheme . . . . 480 

Scientific Departments and Societies {Suppl.) 404f 
Scientific Irj formation about Jute etc. . . 193 

Scientific Research and British Industry .. 511 

Scientific Vocabulary in Indian Vernaculars, 

Need for . . . . . . 385 

Scientists of the World, An Api>eal to tlie .. 550 

Sea-Eislieries in Indian Waters .. ..189 


Sectional Presidejdial Addresses to the Jubilee 
Session of the Science (’ongress, Al).stracts of 444 
Selenium Dcliydrogcmation of Setrahydro- 
napthaleiie-spiro-Cych>liexane Derivatives . . 57 

ISemi-Micro Qualitative Analfjais [h^cr.) .. 624 

Sex DilTereuces in llumaii Skull ..49 

Silk Industry in Bengal .. .. 75 

Silver Jubilee Meeting of the Indian Science 
(Wgress . . . . . . 2H3 

Silver Jubilee of the Indian Science Congress 429 
Silver Jubilee Se.ssion and ITiture of the 
Indian Scieiiee (Congress Association . . 499 
Size and Longevity in Plants . . . . 267 

Society of Biological Chemists, India 267,622 
Soft-coke and the Byc-Prodnets . . . . 561 

Some Aspects of Chemical Industry in India 167 
Space-group of Methylene Amino-Acetonitrile 570 
Stainless Steel . . . . 236 

State of Ascorbic Acid in Plan! Tissues . . 59 

Statistical Work, The Future of . . . . 449 

Stores Department and Indian Industries .. 287 
Studies in De-hydrogciiation Synthesis of 
2 :3-Cyclopenteno-PhenanthrcJic . . 56 



( 7 ) 


paste 


Sujfar Industry, Indian . . 487 

Sugar Manufacture, Indian . . . . r)r)5 

Sugar Production . . . . . . 288 

Sulaiinan, S. M. 

Sumero-liabylonian Inscription at Mohonjo- • 

daro and Date of .he Indus Valley 

Civilization . . . . . . 49 

Supply of Electricity, On the^National .. hr) 
Surface Wave in Kadio Propagation over Plane 
Earth, The .. .. 3:11 

Survey of India, Kep<n*t of the .. (>10 

H^'inposiuni on India’s Power Supply 594, (ill 
Syntliesis of Caronie Acid, A new . . 121 

Synthesis of Degradation Products of Pile 
Acids, Sterols, etc. ExperiMicnls on the . . (iT'^ 


T 

Tantalum . . . . . . . . 292 

Teachers’ (Conference, All-l»eiigal . . (ilO 

Telephone set counts number of calls as well. 

New Mibserii)or’s . . . . . . 436 

Text Bonk of Pravtivat Physics (Bev.) .. 
Timber Ueseareh . . 435 

Timber Research and Utilization Exhibition . . ‘W 
Titration of Dahoa and Cobra Antivenene in 
Vitro, A Note on the Possibility . . ()27 

Toxins and Antitoxins and their Mutnai 
Reaction, The Nature of 476 

Twenty "^'eai’s of Soviet Ojdics .. 647 

Twenty Years of Soviet Physi('s . . 586 


:•> \\ 



Unemployment and (Jovernment Service .. 484 

U. P. Canges Hydro-Electric Sclnmic . . 45 

Utilization of Hagassc . . . . 46 

Utilization for (’oal. Proposed 669 

Utilization of Jute Waste for Hessian-making 569 
Utilization of Molasses as Road making 
Materials . . 486 

V 

Variations of the Am])lifieation I’aetor and 
Plate Resistance of Thermionic Valves at 


High I'^requeneies . . . . 569 

\'ernalization -a new Russian Method of (’rop 
Production . . . . 18 

Vitamin li in Jtreads .. ..115 

\'itaiuin Hj- and Ha- (’ontent of the Jack-fruit 
Vitamin P»i- and P*..- (’onteiil of the Molasses . . 627 

Seeds . . 56 

Vitamin (’ ami Disi‘asc .. .. 656 

Vitamin (.’ in Pood-stufVs, The Estimation of . . 398 

Vitamin C in the Juice of the ripe Palmyra 
Uruit . . 498 

w 

Wavc-Mecfianistic Principle etc. . . 240 

Why some Potatoes colour on boiling . . 233 

Woodhoiise Memorial Prize 165 

World Popniatio?), Latest figures of . . 233 

World Powei* Supply . . 236 

World I’roduelion of Automobiles . . 45 

World Production of Petrol in 1936 . . 45 



AUTHOR INDEX 


Page 


A 


Ahmad, Nazir 

. . 488 

Ahmed. Rajiuddin 

. . 570 

Auluck, h\ C. 

. . 682 

B 


Ihijpai. R. R. 

. . 544 

Ihinei jee, A. C. 

417. 317 

Ranerjee, D. K. 

. . 678 

Jlanerjee, K. 

. . 570 

Ranerjee, Sachchidamuida 

. . 656 

Ranerji, S. K. 

. . 637 

Rasii, J. N. 

. . 401 

Rasu, K. R. 

. . 631 

Rasu, Mineiidra Nath 

49, 1 17 

Rasu, M. N. 

. . 332 

Rasu, TJinapnisanna . . 

. . 139 

R. G. G. 

..171 

R. G. 

. . 173 

Rhatiiagar. S. S. 

. . 466 

rdiattacharjeo, I). R. . . 

. . 298 

Jihattaeharyya, B. (J. . . 

. . 109 

Jihattacharyya, S. C. . . 

. . 628 

Rhaltacharyya, S. K. . . 

. . 120 

Rhuya, M. A. IT. 

. . 120 

Biswas, TI. G. 

56, 177,498, 628, 

Ro.se A. K. 

118, 246 

Rose, Asoke 

237, 287. 289 

Rose, N. K. 

132,518 

Rose, Raj (Jhaiidra 

. . 335 

Rose, R. C. 

. . 127 

Rose, S. N. 

. . 337 


C 


(liakravarti, N. 

. . 245 

Ghakravarty, A. K. . . 

.. 179 

(Jhakravartiy, D. 

245,384 

(.3iakravarty, (liriiidi-a Kumar 

.. 298 

(Chakra varty. K. M. 

. . 396 

Cliakravarty, M. Is. 

. . 331 

(3mtterjee, N. G. 

5,24 


Page 


Chatterjec, Nripciidra Nath 
Chattcrjee, Ram Gopal 


340 

443 


(Uiowdhury, N. R. ^ 

. . 

.. 678 

(k)tte, Jules 

. . 

.. 209 

(•rossmari . R. H. S. 

D 

. . 605 

D. 


. . 346* 

iMs, A. K. . . 


13, 90, 252 

Das, B. C. . . 


. . 568 

I)a.s. K. L. . . 


177,498 

Das Gupta, Biraj 


. . 53 

Das Gupta, C. C. 


. . 567 

Das Gupta, G. (1-. 


.. 398 

Das Gupta, Saileiidra Mohau 

.. 244 

Das Gupta, S. M. 


.. 397 

Datt, AiiatJi Nath 


124, 270 

Datta, S. 


324, 495 

Daita, U. K. 

. . • > 

. . 628 

Dc, S .R. . . 

. » . . 

. . 298 

Deb,N.G. .. 


. . 628 

Deb, S. 


. . 63 

Deb, S. G. 

11 (i, 172,240,: 

m, 333. 440, 491 

Dcsai, D. D. 


. , 337 

Dey, A. K. .. 


.. 347 

Dutt, S. 

E 

. . 255 

Kddingtun, A. S. 

F 

. . 528 

Kisber, R. A. 


.. 449 

Fleure, IT. J. 


.. 453 

Fox,O.S. .. 

. . 

. . 541 


G 


(those, Subodh (’haiidra (Su 2 )plnHvnt) . . 404 

Ghosh, Ajoy Kumar .. .. .. 436 

(Shosh, H. . . 173. 244 

Ghosh, Raitl^aiiath . . . . . . 384 



( ii ) 


Vtiav 


Ohosli, R N. 


298. 627 

(ihosh, (’. C. 


. . 75 

(ihosh, J. C. 


. . 120 

(ihosh, llaii,iit 


56, 121, 122 

(ihosli, R. N. 


46 

Ohosh, S. P. 


.. 497 

(loswajid, H .(j. 

a . . 

. . 180 

Ooswami, M. 


. . 496 

Oiiha, P. C. 


63, 244. 39S 

(lupta, I. C. 


. . 328* 

(rupta, Jagannath 


. . 245 

(iiipta, J. C. 


328, 3SS 


H 


Hedayettullah, S. 


. . 179 

Hcdayettullah, S. 11. 


. . 402 

11. N. P. 

4S, iir.,'2ii,;i 

32, 393, 439. 492 


J 


Joans, Sir James 


. . 358 

J. (1. 


. . 674 

Joffe, A. F. 


. . 586 

Joshi. R. 1). 


. . 570 


K 


Khaslgir, S. R. 


392, 139,491 

Kolhari, 1). S. 


, . 306 

Kothari, Duleh Sinha 


. . 246 

Kumlu, N. L. 


. . 627 


L 


I ja(;()ml)e, Olivier .. .. .. 1360* 

Lahiri, Dur^adas .. 670 

Lai, K. IL . . *14 

M 

Maheswari, P. • • -67 

Majuiiidar, 1). N. . . . . "jOl 

Matlnir, K. H. ‘3*^ 

Misra, M. L. . . 558, 616 

Mitra, Anil .. 18. 64.‘1 

M. L. S. .. 56S,02r> 

M. N. R .. .. 205 

Mookerjce. Hiniadri Kumar 245 

Morris, F. K. . . . . . . 502 


Pa«:e 

Milker jco, (!. Ii. .. .. 075 

Mukherji, H. 144, 328, 388. 442 

Mukerji, I). .. ..120 

Milker ji, 1). N. . . . . . . 340 

Mnkhorjea, K. C. . . . . . . 381 

Muklierji, P. 0. . . 299 

Mukhopadhyay. R 1 19, 299, 339, 627 


N 


Nag Ohovvdhury, H. I). .. 257,564 

Nag, N. (\ .. .. ..679 

Nandi, 11. K. 401 

Natli, Madhav Ohandra .. .. 59 

Nath, M. (\ .. .. .. 297 

Nehru. Javvahar Lai . . 350 

Niyogi, U. Ik . . 501 

P 

1*. P>. S. .. .. .. 293,492 

P. K. P,. .. .. .. 54,383 

Prashad, Haini . . . . 408 

Prasad, Diirga . . . . 462* 

PnidtiUi, Ldward P. . . . . 218 

i’urkayasllia, Kalyan Kumar .. 403 


R 


Rai, R. X. 

338, 404 

Ray, P. P. 

. . 426 

Ray, P. 0. 

. . 569 

Ray ('haudhuri, S. 1^. 

. . 69 

Ray (’handhury, I). P. . . 

118,246,568 

Ray, M. R. 

,,180 

R.r. M. .. 

.,115 

Rode, K. P . 

. . 404 

Roy, Kali Prasaima .. 

. . 402 

Roy, Kauai Lai 

. . 167 

Roy, Narendra Nalh . . 

. . 496 

Roy. N. N. 

. . 476 

Roy, Samareiidra Nath 

. . 335 


S 

Saha, K. 0 . .. .. ..398 

Saha, M. N. . . 306, 506, 57-1 

S. H, n. . . . . . . . . . 295 



Salmi, liirhal 
Sarkar, P. I>. 

Sarkar, S. S. 

Samp, Saiiti 
Saxona, R. <1. 
Schn)rr, AI. li. 

Swi, If. K. 

Sen, P. If. . . 

Sen, P. K. . . 

Son, S. N. 

Sen (’upta, 1. (’. 

Sen (Inpta, N. N. 

Sen (liijita, P. N. 
Sen <jlui)ta, S. C. 

Sen (iiipta, S. N. 
Seymour Sewell, U. Jf. 
Siiifjh, A. N. 

Sin^Mi, If. N. 


. . :f48 

122,174, 193,241,399, 
241,620,675 
.. 422* 
. . 570 
442, 443 
. . 442 
. . 569 
..8 
. . 458 

. . 97 

214,262 
63, 398, 442 
. . 57 

. . 570 
. . 189 
521, 579 
..351 


Sircar, S. M. 
Sulaiinan, S. M. 
^Supplement 


Tarnlon, A. N. 

Tawde. N. R. 
Tsehulanovsky, M. . . 


Varshney, Y. P. 


Wadia, I). N. 
Wells, H. G. 


85, 151 
. . 155 
.. 348 


T 

506,574 
. . 337 
. . 647 


V 

..616 


w 

..375 
. . 200 



SCIENCE AND CULTURE 

R nONTHLY JOURNAL DEVOTED TO NATURAL 

AND CULTURAL SCIENCES JULY 1937 

VOL. III. NO. 1 


Museums in India 


Poverty of Museums in India 

The rocoiit iHiblicaiinn of a book, The ^fni<vlnns 
of Iftdia,* by the Mnst*iiins As.sociiitioii, Lnndoii, 
should cmno as an oyfi-opinior to our (iovorniiuMit 
as well as to the Indian public, as it c‘xpos<*s in 
])laiii and straightforward language and with ample 
facts and figures a very .scriou.s, weak spot in the 
cultural life of tlie Indian nation. The book is a 
report of the tour in India conducted on behalf of 
the Museums Association by Mr S. V\ Markham, 
Kmpire Secretary of the Museums Association 
and Mr 11. IIargreave.s, former l)in‘ctx)r tieiieral of 
the y\rchaeological Survey of fiidia. Th(» Survey 
and the report were made pos.sible. by the fiuatu'ial 
assi.stance provided by the Carnegie Corporation of 

New York. 

I'he first thing that strikes one on reading the 
Report is the extremely small number of mu.seiims 
that serve the educational needs of the, vast popula- 
tion dwelling in a country with the most ancient, 
varied, and rich <*ultural traditions in the world. 
Tf t he proportion of museums to the population of a 
country be taken as an index to its cultural level, 
then India would well occupy the bottom of the 


*The Museutm of India by S. F. Markham, M. A., B Litt, 
M.P., Kmpire Secretary of the Museums Association, anti 
H. Hargrea\'l?.s, former Director General of the Arcliaeolo- 
gical Survey of India. Pub’ished by Museums Association, 
Chaucer House, London, W. C. I. 


.s<‘ale along until the most backward countries in 
the world. liCt us dwell a bit on this point. In 
Sweden, which is om* of tlu; most advanced countrie.s 
from all points of vii'w, there are ItiO museums for 
a population of 100 , 000 , /.c., one museum for every 
08,100 persons. In (lenuauy (which possesses the 
largest numlx'r of museums in tiui world, riz.^ 1700), 
one inus(‘uin serves about 00,000 people. Rut let us 
take a backward region in Kurope, .say th(‘ Balkans ; 
here there is om* miiseiim for (*v(Ty 2()-,000 |M*rson.s. 
Kveii the most advaiu'cd Asiatic, country, vh. 
•Japan, has one miisiMim for 120,000. The figures for 
comparatively backward countries like South 
America and Kgypt are 7!M),000 and 875,000 res- 
pectively. But no country ex<*eptiiig probably the 
most backward om*s can beat India, when? the figure is 
one per 3,420,000, there being only 105 mu.seums fora 
population of ,350,000,000. Moreover, as the aiitlioi'S 
jioiiit out, most of these are ill-kept and the service 
is so bad that these, hardly di’serve to be called 
museums at all iu the modern sen.so of the word. A 
large numbiT of the big cities do not possess any 
mii.seiim at all. Some of the most conspicuous ones 
ill this re.sp(*ct are Rangoon, (100,115), Ahmedabad 
(31 4,000), Amritsar (205,000), Cawnpore (244,000), 
Madura (182,000), Srinagar (174,000), Sholapiir 
(145,000), Bareilly (1 14,000), and ^feeriit (137,000). 

Besides being aKsnliitely inaderpiate in number, 
Indian museums arc very iMTorly financed and most 
of them offer very poor service to the ])iiblic. The 
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total amount fnmi all sources sjumt aniiiially on 
museums in India (including Burma) is about Rs 
720,000^- whi<*li is less than what is spent on a single 
important museum in the more advanced countries 
of tin* West, the expejiditnre per head of the 
population on museums in Indhi being about 200 
times smaller than that in the United States or in 
Great Ib’itain. lOven making allowance for the fact 
that India is the ])oorest country in the world and 
th(‘ population is ime-dominantly rural, the above 
figures clearly prove that the muscMim service in 
Indi*’ is hopelessly starved. Out of 105, about 40 
have incomes of less than Its 1000/- per year, on 
which it is impossible to maintain any sort of 
museum service, since it does not permit even the 
appointment of a paid curator. About 17 museums 
g(‘t Rs 10,000/- or more, and the authors of the 
Report find that some of these are surprisingly 
elTicient for their income. But even in the best 
museums, the available money is hardly adeipiate, 
most of it being spent to carry out the usual routine 
work, and hardly anything is left f<»r development 
or progress. For exam])l(*, in the Geological Section 
of the Indian lluseum, (Calcutta, which is the fore- 
most geological museum in the country (see [)age 20 
of the Report), only a few hundred rupees per year 
are left for tin* purchase of material and specimens 
and for cleaning. With this budget, it is not surpris- 
to find that tliis s(*ction is far behind in enicieney 
to the modern geological miiseiim.s in Kurope and 
America. Needless to add that with such poor 
financial support, it is not possible to expect 
eniciont service. In all the three branches of museum 
activity, /.c., preservation, interpnitation, and edu- 
cational service, Indian museums are very bairkward. 
The usefulness and status of a museum largely 
d(‘pend.s on the organizati<)n and efficiency of its 
curat oriid staff. In India, only 20 museums liave 
a whole-time, paid, (•omi)etent cairatorial staff, but 
in many of these the head curator has other duties 
besides the curatorship and naturally cannot give 
sidficuMit time or energy to educational and organi- 
zation work, which, in conseciuence, is sadly neglect- 
ed or left to ill-paid and ill-qualified assistants. 
The residt of this state of afiuirs is that manuscripts, 


textiles, pictures, and woodwork, which require close 
observation and careful preservation are, as the 
authors have found, being gradually de.stroyed by 
beetles, moth.s, “silver fish^\ cockroaches and mites. 
The work of destruction by the insects is often 
helped by the rough methods of handling and exhi- 
biiion em[)loyed by some curators, which are due to 
the present low standard of curatorship. -This means 
that the future? generations are being deprived of 
important documentary evidence of fndin^s past 
gr(‘atness before our very eyes. 

Labels arc essential for interpreting the exhibits 
to the public and the ability to label an exhibit pro- 
perly is regarded as one of the ])rijnary requisites 
of curatorship. in several museums in India, many 
exhibits are not only left imlabellcd, but sometimes 
the business is left to illiterate vhaprashis, witli the 
result that some lalxds an; tinned upside down and 
sometiiiu's interclianged with otlu'rs and lost. 

Modern Ideal of a Museum 

The public in this country may ]>ut the ques- 
tion : what is the us(* of making such a fuss over 
the fijailHjIfftrs ( wonderhous(*s) ? This vernacular 
name for museums clearly indicates that the public, 
not cv(*n (‘xeluding those who have received modern 
education, have not much idea that a museum is 
not merely an (fjaih-ghffr, but a storehouse for know- 
ledge which forms an important link in the (‘hain of 
educational institutions, and with proper orgsiniza- 
tion may be made to rend(*r immense service towards 
the cultural building up '»f the growing generations. 

The original meaning of the woi*d “museum^’ (The 
Alexandrian Museum, for example) was a temple 
dedicated to the Muses, the Goddess(!s of learning. 
They contained important collections of manuscripts, 
products of arts and crafts, and were placed under 
the charge of distinguished scholars. Students from 
far and near us(‘d to gatlna* there to learn at the 
feet of these famous masters whose. name.*$ have not 
yet b(‘eu forgotten (Fuclid, Ptolemy, lien), and 
others). 

I Unfortunately, this original concept of museums 
was however long forgotten and until very recently, 
even in Europe, museums were regarded as mere 
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storehouses of eiiriosities, objects of historical im- 
portance and of products of arts and crafts. Most 
of the older museums in Europe started in this 
manner. In recent years, however, the museum 
ideals have undergone fundamental chanfjrcs artd 
and have shown a tendency to revert back to the 
ideal of the orifrinal Alexandrian Museum. The 
United States of America, beinpf one of the younger’ 
nations of the World, could s(‘eure only a small 
share of the European and the Near East antiquities 
but became the pioneer in the modern museum 
moveiiKMit. 

It is now g<*n(‘rally accepted that the functif»ns 
of a museum are chiefly educational and cultural, 
and they are not meant merely to house collections 
of weird and curious objects. Educati<mal activities 
are nowadays so much em]ihasized that those 
of collecting and storing a large number of objects of 
interest are now considered almost of secondary im- 
portance. Thus the importance of a museum is now 
twofold : as a place of work for the scholar and as 
a place of instruction for the general public. 

About the fifties of the last century, the publica- 
tion of Darwin’s of Species evoked wide- 

spread interest in the fossil remains of plants and 
animals, and for pnqiorly housing such collections 
natural history mus(*ums wen? started in all (*oun- 
tries of th<? world. Similarly, excavations in th(» 
Near East by T^ayard and Botta, and by Schlicm inn 
in Troy and AlyecMUM* evoketl great int(?rest in anci- 
ent history, and store these remains of monuments 
of ancient and vanished civilizations, archaeologi(*al 
museums were started. These collections naturally 
began to attrai't scholars on these subje(*ts. It thus 
became usual for all important museums to provide 
special fa(?ilitics for research workers. 

The conception of museum as an educational 
institution is of more recent growth and is intended 
to serve the needs of the public, in general and the 
growing generation in ])articular. A museum should 
be so organized that it may simultaneously serve as 
a place for recreation, combined with intellectual and 
aesthetic enjoyment, it should administer to the 
sense of beauty by exhibiting to the public famous 


objects of art, and above all it should be able to 
rouse the curiosity which leads to actiiiisition of 
knowledge. In the words of Sir F. (3. Kenyon, 
Director of the British Museum, 

“It makes a man more aware (»f the worM he lives in, of 
its extension in time and space, of the materials of which 
it is composed, of the trees and plants witli which it is cover- 
ed, of the animals that have inhahlted it from the earliest 
times, of the activities of imin, of his achievements in craft- 
nianship and art. It illustrates written history and enlargt's 
a man’s conception of the possibilities of his race : so it 
plays its part in enlarging his mind, in multiplying his inter- 
est and in making him a better eiti/.eu.” 

Witli the cimnge in the museum ideal from curio- 
collecting to helping in education of the 
publie, there has been corresponding changes in the 
methods of exhibiting, (h’owdcd rows of early 
museums are now roplaeed by cjind'ully selected 
series of specimens illustrating the essential 
facts and so arranged jis to b(' capable of 
instrnctirig the mnsemn visitors on senind cidtiiral 
and jiractical linos. Modern luiiseiun service has 
to bo active. It is no longer <’onsidcred enough 
to stock a niiisemn and l(‘ave the public to 
liiid out its valui* for themselves. Ettbrts an* couti- 
luially made to attract and interest tin* publii* by 
means of artii’lcs in the press, spc(‘ial exhibitions, 
gallery lectures, guide books, photographs (including 
pictiin? p(*stcards), etc. Regular Ic'clnres by odu- 
<'at(*d guides are now usual in all tin* important 
museums in the West. Use cd’ museum as a regular 
part of (he edueation of <*liildren has roeently bmni 
developed in the U. S. A. with great success. 

Deutsche Museum of Munich 

We can take tin? Deutsche Museum of Munich 
as a nmgnilicent oxam])lc of a modern museum. , It 
is a iiioiiumcut of the inspired vision and loresight 
of its founder, Oskar von Miller. The Museum is 
housed in a specially designed set of buildings in a 
small island on the River Is(‘r llowing tlirongh 
Munich. The tokd l(*ngth (»f corridors housing the 
exhibit c-xceed 1() Km. in l(*Mgth and the number 
of visitors per year amounts to several millions. 
The total expenditure p(?r year is about a million 
marks, but the museum has grown so ])opular that 
it is hoped that within a few years it will support 
itself from the visitors’ fees. 


VoL 111. No. 1 
JULY 1937 



MUSEUMS IN INDIA 

III this mnsciini, wliicli is only to 

scitnici*, (‘xhihits an* so nmin^od that tha d^volop- 
niMit of kno\vlodi;o in any oaii bo <*loarIy 

followed. For oxainple, in the series illnstnitinj^ th<i 
development of X-rays, the old tubes of ffittorf and 
Plaekcr are shown, then comes Ront^eii’s original 
tube, and linally through all stages of development 
we eoine to the modern (^oolidge tube and the 
metallic tubes. Things are so arranged that the 
visitors can themselves perform all expmMinents with 
these tubes by simply ])ressing plugs. Reiireseiita- 
tive experiments on ail seientilic topics are similarly 
arranged, most of which the visitors can perform for 
themselves by billowing the ac<*omi)anying instruc- 
tions which are clear and coiu*ise. It is a common 
sirht to find groups of school children ])orforming 
representative experiments in physics and chemistry, 
whonevee such experiments are possible, fn sub- 
jects like mining and metallurgy, the (Exhibits are so 
arrangiMi that on passing through them in the right 
order, a visitor can acquire a thorough know- 
ledge? of the subject. Competent guides are provLd- 
od to deliver lectures and take the visitors through 
the exhibits. Mining is illustrated by actual models 
of mines of different kinds, /. «., coal, iron, etc. In 
a.stronotiiy, lectures are provided in the famous 
Pianetariiim where the motion of the sun and the 
moon, of plarets round the sun, knowledge of stars, 
their physical (Muistitiition are explained with the 
aid of stereos(‘opi(* iirojections on the revolving 
dome of the Planetarium. In the industrial .seetioii, 
the rise of an indii.stry is illiistcited with tiie aid of 
model.s which are operated by experienced guides. 
For example, in the steam-engine section, one can see 
experiments with Hero’s toys, Savini’s steam-plant 
for raising water from the wells, Newconuuis 
engine, the repair of which led dames Watt to the 
epoch-making invention of the modern steam-engine, 
the various developments of steam-engine leading 
to modern internal combustion engines of Otto and 
Diesel and tin* steam turbine of Parsons. Periodi- 
cally lectures are dcdiveriHl by experts on the 
subj(‘cts, and anybody on payment of a small 


fee is allowed to attend those lectures. Recently 
the Prince of Wale.s Museum in South Kensington 
has also been reorganizing itself on this basis. 

Lecture on Refrigeration 

To illustrate the scope and usefulness of these 
lectures, wt; may take the lectures on refrigeration 
which were arranged in May PJ.'Ib, at the Science 
Museum, S(Mith Kensington. The h'ctnres were 
delivered by (?onipe4ent authoriti<‘s like Travers and 
Siimm who have taken the most prominent part in 
the development of low temperature technique. 
It is well known that Fngland produces 
V(*ry little of her foodstuffs ; slic has to import 
meat from Ni*w /(Miland and Australia, eggs 
and blitter from Dciiinark, fruits from We^t Iiidi(*s 
and Madiura. One t > four weeks are taken in these 
voyag(*s, and nnl(‘ss st(?ps are taken to prevent meat 
and other loodstiiff-? from rotting, they will he useless. 
Hence almost all ships are jirovided witli low 
tempm'atiire holds, wluux* foodstuffs are properly 
ston'd. In Fiigland itself, the development of re- 
frigiM'ated gas storage* of fruits has given rise t<» a 
great industry. All this reeiiiinvs that the general 
public should have a kiiowledgi* of tin* ))nncipies of 
refrigenition. 

Le*e*tnres were delivered in the Museum by 
Travers illustrating the early methods of refrige'ra- 
tioii. These were illustrated by the actual perfor- 
mance of e-\|M*riments with apparatus permanently 
stored in the Mus<miiii. Simon eompletial the 
programine by his lectures on modern develop- 
ments, e/r., lh|uefjfction of li<‘liiim, production 
of absolute z(*ro by the method of adiabatic 
deimignetiz ition, and by denion.^itrating the. 
nanai'k.ible changes ])rodiieed in the property 
of hollies near absolute zero, e.f/., vanishing of elec- 
trical resistance. Those lectures were very largely 
attended, and the andieiico evinced remarkable 
interest in the demonstrations. If we believe in the 
dietnin that expenditure on education of the growing 
generation is the l)est investment for the Nation^s 
wealth, such activity ot; the part of museums cannot 
but result in the production of a better educated 
generation for the future. 
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The Question of Power Alcohol in India 

N. G. Chatterji 

Harcourt Butler Technolosical Institute. Cawnpore. 


The recent message about the imanimoiiK 

recommendation of the Sugar (Vmiinittee of tin* 
Imperial Council of Agricultural R(*searcli that 
the manufacture and use of power alcohol in India 
should be freely encourag(*d, provided it i>nys the 
same amount of excise duty as petrol, is of extreme 
interest, and should give satisfaction to the advo- 
cates of manufacture and utilization of power 
alcohol as an imi)ortant ste[) in advance. Tt is 
hardly four years now that from the figurt^s arranged 
and made available to them at that time the f.C^A.R, 
Sugar (/ommittee in their me(‘ting of November 
1933, came to the conclusion that the minimnm cost 
of production of power alcohol would be annas ten 
per gallon, at which ligure any extended use of the 
product becomes almost out of the (luestion. This 
was the position when the writer returned to India 
ill April 1934, after studying the power alcohol 
industry in most of the countries of Europe. Tt 
was with the greatest difficulty that he was able 
to convince people that power alcohol (ran easily be 
made at anything between four to six annas per 
gallon, and that at least in those parts of the 
country distant from port towns, it can be sold 
in fair competition against petrol. It must also be 
acknowh^lged that he would perhaps have never 
succeeded in gaining his point if in the meantime 
Moos (^iiipin of Messrs Pingris and Mollet-Fon- 
taine, Lille (France), had not given hun full support 
with his calculations obtained from the actual run- 
ning of the Mysore Distillery at Mandya. 

It may, at first sight, seem strange that once the 
above fact has been indisputably established, 
the manufacture and use of power alcohol should 
still not make any progress at all in the <*onntry. 
Indeed the majority of tin* i)eople are under the 
iuiprcs.sion that there are still intrinsic technical 
difficulties, and that furtlnu* research work is 


necessary to overcome them. Ihit the fact is that 
the real difficulties standing in the way are of an 
entirely different and extremely com]>licated nature. 
In this article, an attempt has been made to get a 
true perspective of the whole question in which are 
involved matters of high ]>olitics and political 
economy. The writer being ])rimanly a student of 
science has no other apology to maki* for treading 
into the n^alin of political economy bey<uid the fa<*t 
that the success in the working of an industrial 
scheme always r(*quires an intensive study of its 
economic and political aspects after the technical 
difficulties hav*- be(‘n ov(‘rcome. 

The technical as])ects of power alcohol have 
already been discussed elsewhere^ whih* a paper 
dealing with a schemes for the d(‘velopm(*nt of the 
power alcohol industry in [\ P. was read Ix'fon* the 
Indian Sugar Tei'hnologists* Association in 
October 1935. A study of tin? liistory and gro\vth 
of this industry in the nnut? iiiqxutant countries of 
Europe reveals the following n'asons common to all 
of them *^ ; — 

“(t) To iiiitiiini/.e the heavy druitui^rv of national 
>\eaUli out of the country on account of inipoi tetl petrol. 

iii) The advisability of having a national product as a 
.substitute for petrol in view of the sad experienct? due to 
shortage of petrol in the country during tin* war. 

(iii) To obtain freedom from the indirect tyranny of 
the powerful petrol groups which have often influenced 
the politics of the country. • 

(ip) The necessity of having a large supply of alcohol 
which is now regarded as an important munition - in other 
wonls, to be ready for war. 

(<;) To have a potential motor fuel available within the 
country— an important consideration <lue to the rapid 
iiiechaiiization of the army. 

1. Chatterji, Current Science, March 

2. Chatterji, Chemical Age^ Oct. 1935. 
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(vi) The alcohol iiuliistry can he made to play a very 
important part in the prosperity of an agricultural country. 

{vii) The heavy tlrop in the consumption of alcohol for 
drinking purpose.s,” 

above n*asoii.s fall under throo (iato^rorie-s 
namely, national oeonoiny, military offensive and 
defensive preparation.s, and a^rrienltiiral |)ros|)erit}\ 

J^et ns now aiialy.so the conditions existing in 
India and try to (‘lassify under the above heads the 
various reasons that have been put forward by the 
advocates of power al<M)hol. Of these the most 
important arc those falling under the last head, 
namely, agricultural pro.sperity. It is interesting to 
find that the present agricultural conditions, in 
India are similar to those that prevailed in France 
just before the introduction of power alc.ohol in 
that country. 

“The wine producers of the South had always kept on a 
fight ill order to preserve the realm of potable spirit from 
being encroached upon by the distillers of the North. The 
trouble however became still more acute when after the 
War active help was given by the State to re-establish and 
expand beet cultivation in the devastated areas of the 
North. This was soon followed by an overproduction of 
beet ami the world crisis in the sugar market. The only 
alternative to .save the beet agriculturist was to direct hLs 
produce to distilleries and to find an increased outlet for 
alcohol in industries. Thus it is that the famous Congress 
of ‘Carbiiraiit National’ of Beyders was organized in April 
1922 by the Agricultural Society of Beziers. This Congress 
had for its object the finding of a better forniiila for the 
utilization of alcohol as carburant and assuring in this way 
in the c?5iintry an arm for national defence, a better balance 
of account, and a stable base for the development of jagri- 
cuUural pro.sperity." 

Ill riidia also, jicdivo cucouragcMucni by way of 
tariff protection lias led to ov(*rproductiou of sugar 
and an accumulation of molasses for wbicli there is 
at prc.sont little outlet in di.stillcrics duo to the too- 
totalor habits of the people. 

What thcMi is to b(* done ? History teaches us 
that ill similar circuiiistances there ha-s been but one 
way out. It has been rightly said that if alcohol- 
ism is a national peril, alcohol is a national wealth. 
Distillation is the patrimony of agriculture. It is 
the manufacture of alcohol which permits oft<Mi the 
worker of the soil to get a proper nmiuiieratioii for 
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hi.s labour, and almost every government has there- 
fore been striving to enable the ngrieulturist to 
earn a living from the laud by utilizing surplus agri- 
cultural products ill the distillery and (indiiig a 
market for alcohol for iiidii.strial purposes. 

/riiiugs have now come to such a stage in India 
that the only w.ay to save the sugar industry from 
partial collapse and the sugarcane cultivator from 
mill is to find a pfolitabio outlet for molasses. 
Ev(?r>" effort has been made to discover such an 
outlet, even the strongly advocated but never 
succc.ssful attem[)t at exporting molas.scs has been 
for all j^racLlcal purposes again a complete, failure. 
It is therefore only after mature consideration and 
careful observation tliat the Sugar Committee of the 
I.C.A.R has recently come to the conclusion that 
the manufacture and use of power alcohol is the only 
remedy. 

Power Alcohol and National Economy 

The part the power alcohol would play in the 
national economy of India would be of the same 
high order as it has boon in other eouritries. At the 
present time, India consumes annually some 90 
million gallons of petrol, the average c. i, f. price 
of which is -/o/- annas per gallon. Thus her petrol 
bill eoiiios to about Rs ‘28,000,000/- per annum. As 
the iiidig(*ii(>us petrol supplies are very small India 
has to purchase the greatei* part of her recpiirement 
from outside. The only way to reduce this drainage 
of wealth is to find indigenous sources of supply 
of a substitute, whitli 2 m’ c.rrellence is po\ver 
alcohol. It is foit-unate therefore that in molasses 
we have an abundance of very cheap and excellent 
raw material for making this liquid fuel — an advan- 
tage which none of the more important countries, 
using power alcohol, possijss. Thus it may be rightly 
argued tliat in molasses India has the same resources 
of power a.s some other countries have in crude oil. 

There are several other minor considerations 
which do not seem to attract attention at first 
sight. Thus it is computed that if 10 million gallons 
of power alcohol are maiiufactun^d per year, the 
requirement of coal would be about 33,000 tons— 
which would considerably help the present slump 
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in the coal industry. At the same time, there 
ivoiild be increased goods traffic for the railways, 
and a better bninneed load in the tank wagon tnillic. 

Power Alcohol and National Defence * 

Tt hardly needs mention that national defence 
has been probably tlio most imyortant eoiisidc»ration 
in the rapid development of tlie power alcohol 
industry in most of the coimlries of Kiirope. The 
mechanisation of the army and the growing im- 
portance of the air-force have* compelled the military 
authorities of (‘V(‘ry country to see that they have 
a regular and abundant supply of liquid fuel in 
the country. The problem is still more acute in India 
where, on a(;count of the vast ness of tln^ country 
and long distances to be coven'd in transport from 
the port towns, then* is always a certain amount of 
danger of the supply failing to reach the distant parts 
of the country at a critical p(‘riod. To this must 
also be added the comparative ins<‘(*urity and vul- 
nerability of the [letrol storagi* d(*[)ot.s in the port 
towns at times of war and the irregularity of supplies 
coming from across the s(‘a. Power alcohol is an 
ideal ‘carburanf/, for it has great flexibility, in that 
mixtures containing, if need be, very high ])ropor- 
tions of alcohol can be readily used in heavy types 
of vehicles and in aero-engines. For this reason 
even serious shortage of petrol in the country is not 
likely to impair in any way (he mobility of the army 
if there becomes availablt? an abundant supply of 
power alcohol in ditlerent parts of the c.ountry. 

From; what has been written above, one may 
wonder why, in sjiitc of this, power alcohol is not mak- 
ing any headway at all in this country. The unanimous 
verdict is that the manufacture of power alcohol in 
India is a sound commercial proimsition, for econo- 
mic requirements, such as the fixation of price, 
organization for its distribution and retail sale of the, 
petrol-ah‘()hol mixed fuel, excise control, and such 
like matters, may be easily arranged. I'lie fact is 
that in addition to the ])ossibIe op[»ositioi,i from the 
powerful and organized petrol industry there arc 
some other obstacles which arc probably of a far 
more serious nature, and have had no counterpart 


in any other country. At present revenue accruing 
to the Government of India from the petrol duty 
consists of that realized from the total quantity 
coming into India, including the Indian States. 
AVith the introduction of power alcohol there is 
likely to be a substantial redm^tion in this revenue, 
for even if power aleohol w(*re to pay the same duty 
as petrol, the States would appropriate the wdiole of 
the ex<*isc duty on (he (luantity of power aleohol 
produced within their territory. On tin* most 
conservative basis the loss in r(*vemie this 

account would be? lis 10 Inkhs. However it need 
hardly be mentioned that, power aleohol being a 
federal subject, this asfiect »)f the (|uestion need not 
present any serious difliciilty towards an amicable 
settlement, especially in view of the fact that aleohol 
may be regarded as essentially an agricultural 
product of common interest to (lie wiiole of India. 

Another important point for consideration is 
that power alcohol m.iy now be regarded just as 
important a nmnitioii of modern war as explosives, 
so that it is a dei)iitabl(* point how far it is advisable 
in India to hav(* private factories engaged in its 
manufacture. At the same time it is also recogniz- 
ed that tlio country should bo fully prepared for 
any contingency in the shortage of the supply of 
petrol. Indeed, sonu* anthoriti(‘S go even to the 
length of saying that the organization within the 
country should he micIi that the civil population may 
be in a position at any time to give up their require- 
ments of petrol for military purposes even outside 
the country, without any serious disloeat.ion of civil 
life. Looking from all points of view, tin’s aspect 
of the question appears to be merely of an alarmist 
nature, and with power alcohol factories spread out 
over the country and working under Government 
supervision their potentialities as faithful allies arc* 
really very great. 

Thus the introduetioii of power alcohol in India 
involves a number of ((iicsiions of policy, and 
every step forward has to be taken cautiously. 
The matter is so important that a start by way of 
experiment slioiild at once be made in one area, and 
the results earefully observed. In this respect 1 1. P, 
is the ideal art^a where the lirst ettbrts should be 
made lor the manufacture and use of powcT alcohol. 
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Fruit Research in England 

P. K. Sen 

Imperial Council of Agricultural Reaear h. India* 


Early Days 

Fiirrr {rrowiiiK is a new craft in Kiigland. Tii 
tlie earliest accounts of the country that have been 
preserved, incichuital mention is made of a ‘ poma- 
riiim’’ or “apple garden” attached to the old monas- 
tic, houses. Presumably the traditional crafts that 
had survived from the old Roman civilization found 
their way to Kngland from the Continent by way of 
th(*se religious foundations. 

Kven in those early days the apple was grown 
both for eating and (uder making. To quote ins- 
tance's ‘in 120.0 the manor of Rnnham in the 
county of Norfolk was held, by petty sergentry, by 
the payment into the e.veheqner eacli year on the 
f(‘astofSt. Michael of two hundred jicarmains (a 
vari(‘ty eif apple) and four hogsheads of wine made 
from jicarmains. The garden of the Norwich 
Monastery in 1310 sold apples and pears which 
brought in Ills. lid. The accounts of a garden in 
llolborn belonging to Henry de TiJicy, Earl of Lin- 
coln, show that in 120 1-!H) apples, pears and great 
nuts sold for tO, after tlie tithe had been deducted.’ 

During the* Hitli century England was brought 
into close tou(‘h with France and the Low Countries 
and this resulted in tlie introduction of new ideas 
on the subject of fruit growing, especially into Kent 
which lay nearest to these countries and was there- 
fore the first to receive the impact of these new 
horticultural practices. Tims one reads in The 
I fitsha fifi of ItiOO that one 
Ru hard Harris the Fruiterer of King Henry the 
Eighth bronglit grafts (»f apples, pears, and cherries, 
and ])lanted th(*m in a big orchard in Kent wliich 
eventually became the mother of most similar fruits 
ill Fiiighind. 

1. The Apple (1933)— by Sir Daniel Hall and M. B. 
Crane, Martin Hopkinson, Ltd., London, 
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Orcliard fruit growing, however, was not intro- 
duced in England before the middle of the Kith 
century and Fuller in his Worfhm of Kent gives 
the credit for tliis to refugee Flemings. About this 
time fruit growing attnictcnl popular interest, and 
books on gardening began to appear. 

Beginning of Fruit Research 

In this country the application of science to the 
art of growing fruits may be said to have begun 
with Thomas Andrew Knight, President of the Royal 
Society of Horticulture (1811-1838), who was one 
of the first to apply the discovery of sex in plants 
to fruit breeding. 

The Royal Society of Horticulture 

It was to the initiative of John Wedgewood that 
a snlall group of garden lovers mot at a bookshop 



John Wkogkwood, the Founder of the Royal 
Horticultural Society in 1804 

in Tjondon on March 7, 1804, with the object of 
founding a society ‘to collect every information res- 
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pectirig the culture iiiul troatinout of all plants and 
trees -as well culinary }is ornamcnUl — to foster 
every branch of hortbailture and all the arts con- 
nected with it/ The Horticultural Society thus 



Thomas Anurkw Knic.ht, the Scm'oihI Prosulent 
of the Society, elccte<l in ISl I 

fotinded later beeaiue ‘RoyaT and today it is the 
largest and most inllmmtial of all horticultural 
soci(‘ties. 

Oidy a b'w of (lie present-day activities of the 
Society can be mentioned here. Its fortnightly 
exhibitions of IVuits, flowers, and vcgetabl(‘M are very 
instrnctivo and gem?rally popular to all interested 
in gardening. 'J'he ])ublications of the Society are 
one of its major functions. The publication of 
monographs and pamphlets on various cultural 
subjects have* also been of great value to horticulture 
the world over. I'he advisory work of the Society 
and the institution of examinations for a National 
Difiloma of Horticulture also form an imporbint 
part of its work. 

On the experimental side the trials of fruits, 
flowers, and vegetables represent an important ])art 
of the Society’s work <*arried out in its gardens at 
Wislcy in Surrey. Some forty acres of land are 
there devoted to fruit tree trials for the purpose of 
testing new varieties which may have (lualifications 
for market u.se, and to m.vintaiu a standard collection 


of fruits with which the performance and be- 
haviour of new varieties can be compared and their 
qualitication aceuraPdy judged. 

Woburn Experimental Fruit Farm 

No doubt the new fruits first introduced from 
abroad and later raised by Tlunnas Andrew Knight 
brought groat enthusiasm in the fruit gardening of 
England early in the IDth century, but it was not 
until ISfll that fruit research, as we know it, was 
started at tin* Woburn Experimental Emit Farm by 
Spender IVkering, in ass(M‘iation with the Duke of 
Ik'dford. 

Woburn under PickcringV inspiration o|)en<*d u|) 
lines of systematic investigations into all the most 
important problems of (he fruit plant, such as plant- 
ing, manuring, pruning, response to <‘limatc, tlower- 
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iiig, fruiting, discuses and their cure, etc. It may be 
said that the highly teehnieal horticultural experi- 
ments that are Ixmig carried on all over the country 
today are but the logical scspicucij to the work 
sUirted by Spenser Pickering in 181)4. 
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Long Ashton Agricultural and Horticultural 
Research Station 

:i \( ;ir Im rnic I'irkri'iiig iiiveslijra- 

intn tli‘* •■iiliiiial in’difN'iii" nl’ IViiits at Wobiini, 
llic S(|iiii(‘ i»l' iiiilialed researeli into 

iiiall<‘r'' irlulinij: In 1 la* luaimracl lire ol' ei(l(*r. TIk' 
al UiillriLiii (N\'e>t nfl’iiiglaial) was started in 
1 Sli;} isiider I lie dire<‘t inn nl' |\,J. IJoytl with the 
i>l»j(‘et nl 1 (‘dii<‘iti» 4 ‘ the iiiaiiiirael lire nf eidcM* to a 
deliiiite iiiellmd .-Hid .sy>frin. I'Vniii till* eomiiieiiee- 
iiieiit the wnrk wa>. liiiam-ially siippnileil hy the 
Ikith and N\'e-.t Agritailtiiral Society and hy the 
I)(»ard nf Agi'ijMiltnre. The* value of t he w'nrk soon 
lieeaine appaii'iil , a ml the d<‘sii-al»ility nf it-i e\t(*nsion 
wa*' lelt hy evei'yhndy eoneeriM’d. 'rims in 1 !)().■{, the 
Naliniial I' lnit and ( ’ider lii'^litnte was eNtal)lislu‘d 
at Lnn;;: A>litnii ii(*:ir Iiri>tnl tlir<MiLi;h the joint ellorts 
of the ahnvi* nientinn(*d societies and the Hoard of 
Agrieiilt lire. 

vSeason afti*r season the importaiiei* of tin* 
Iii'^titntioii hi'eaiiH* increasingly a|)parent and Iat(*r 
in lull), as a result of the eonntry-wide ext(‘nsion of 
the aetivlti(‘s of the It lard of Agrieiiltiire it was 
reorganized under the able directorship of Hrofessor 
It. 'r. W Itarker as a department of the I5ristol 
I niver^il) under its pr<*''ent name. It is eng:»ged 
willi its full ^•onlpl(‘m(•nt of seientilie departni<>nts 
on all relevant niatt<*rs eoneeniing fruit production 
and fruit niili/ation ineliiding eider maniifaeinre, 
e:inning, Imtlling, preparation of syrups and jniees. 
Space will not allow a detailed description 
of all the many aelii(*vem('nts of this liistitiithm. 
Its investigations into the iiiitrition of apph*s, the 
eons(M|n{*nt sohitinii of the ‘Leaf S<*oreli’ prohlein 
caused hy pot.ish ilelieieiiey, led to the enor- 
iiMtiis iinproveiiK'iit (d'tln* ijnality of (In* fruit and 
tin* prrjfitahle exlensi<in of fruit eiiltnre in large 
tracts hitherto reckoned as nnsiiitahle for fruits. 

John Innes Horticultural Institution 

'rin* Jolin limes I lorl ieiiltnral Institution, .Merton, 
Lomiini, was founded under the will of the late 
dohn limes, a im‘rehant of London and a general 
l)em‘la<'tor of the pnhlie, who died in H)0L Ft 


began its work in 1910 under the directorship of 
the late William Hatesoii, the pion<?er geneticist 
of Kngland. Haleson was director till hi.s death 
in l9‘Jli. I [is researches brought the Fnstitntion 
international reputation which has since been en- 
haiu'cd by the ability of its present director, Sir 
Daniel I Fall, and by its association with 

Professor J. H. S. llaldane, who is now in 

charge; of its genetical work. I'he cytologieal con- 
tributions of this Institution have also been greuL 

To cite one or two of its researches on fruits, 
the investigations of Mr M. B. (Jrane into cross- and 
self-fertilization among tin* varieties of apples, pears, 
plums, and clierrics, elucidating some of the “in- 
compatibility^' ])robloms in fruit growing, have 
afforded a sure basis of selection of fruits. 

h'lirtheriiiore, its investigations into the iriheri- 
tau(*e of characters in apples oi)ens up a new field 
for resenreh workcTs in all parts of the world and 
with all kinds of fruits. 

East Mailing Research Station 

III the (‘ast of Liiglaud fruit research was not 
started until 1912 when an influential F)ody of 
fruit grow(Ts from Kent snpp()rt(‘(l by the authorities 
of the South Kastern .\gri(‘ultural (^)llege, Wye, 
Kent, approached the (iovernmeiit with a request 
for the establishment of a e(*nti(* for sei(*ntific in- 
vestigation of their problems. .Vs a result of this the 
Wye (\)Ilege Fruit IC.\p(*rimeutal Stjition was cstal)- 
lished at Fast Mailing in J91.‘F. Since then, the 
fruit growers of Kent have always played the 
leading part in the history of Fast Mailing Research 
Station now so well known for its research on Root 
Stock FlVeet. 

Soon aifter tlie Research Station started Work, 
the (jreat War b(*gan and there followed a critical 
time for tlie infant inKtitntion. Its first din'ctor, 
Mr R. Wellington, was called away to military 
(lntie.s and his second in command, the present 
director, Dr. If. 0. Hatton, came forward and took 
charge of the experiments. 

.After the War the Station was reorganized into 
an imlependent institution with an extensive research 
programme. At present, the institution which was 
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started on only 23 acres of land with 3 workers has 
over loO acres of experimental plantations and a 
whole t(*am of experts in all hranches of horlinil- 
tural science investijrating every asp(‘ct of hardy 
fruit culture. • 

Althoufrh priimirily coneerned with its own pro- 
blems East Mallinjr, like every ^other similar insli- 
tiition in Knj;rlnnd and elsewhere, plays its full jiaii 
in the pomologieal research of tin* whole world. Its 
discoveries of the inlhiem'e of ‘rootstock’ on the 
behaviour of the siaou iu a l)iul(h‘d < )r grafted tree 
has opened up a new era in horticulture. 

The Low Temperature Research Station, Cam- 
bridge and the Dilton Laboratory, 

East Mailing 

Whilst the res(»arch institutions described above 
are primarily engaged on studies in fruit prodmdion, 
these two are invcstijralintf the best methods of fruit 
storage. 

The ne(*ds of the War days stimulated intensive 
inve.stigations into food probh'ins. The Public 
Health Department, tlnj Development (^ 1 mmis.sion, 
and the Medical Kesijarch Committee startcnl the 
work, and in 131S tin; IAn)d Investigation Board 
was bu'ined, under the directorship of the late 
Sir William Hardy, to organize and control research 
into the jireparation and preservation of food, 
llcscarch in the storage of fruits recH'ivod its in- 
centive under tin* auspices of this Board, Preli- 
minary work was taken up by the (Tunbridge 
University, the lmp(*rial (Jollege of Science ainl 
Technology, London, and the fiOng .\shtoM Besearch 
Station. With the progress of the work it was 
felt that a thoroughly c(|uli)ped lab(U’at(»ry should 
be found for storage research, ’riuis the Low Tem- 
perature U(*search Station at Cambridge canu* into 
existence in 1922 out (d’ the contributions of the 
Food investigation Board and the Empire IVrarkt ting 
Board on a .site given by tin* (Cambridge University. 

To begin with, fruits were stored at a low tem- 
perature and a search for the most suitable tempera- 


ture eoinlitions fornuMl ilu* ui.ijnr pinblcui «»r the 
s(*ientilic worktTs. The Iriiit, lin\vr\ cr, n Jivimr 

body, and the iiniitatiou d ||u‘ mctlinils of cnld 
storag<* soon heeamc .ippainil. sine* chilling wa*^ 
found to interfere with tin* living cmidilion uf 
the fruit, and in addition (Iw iniliimoo nf the fruit 
itself on its storage \va^ ."hown to hi- imporlanl. 
Iiivcstigatiou-i ba'-isl on tin* (‘liaiaotcri'-lic ga><‘on> 
iuteivhang(' iu the re^piral it>ii <A' tin- fruit led to a 
method of low t(*mpei’atiirc gas storage — providing 
the fruit during storage with .an alnio^j»licrc of 
halainusi oxvgru and earhoii-dioxitlo at which respi^ 
ration is luaiiitaiinsl at the luiniinuin rate. 

I'hc elVeel of the iuv<'>tigatiou< on the fruit iii- 
diistiw was obviously vnrv groat. ’Tin* po^'-ibilily of 
lengtln'uing the life of thr* fruit luwmiiscd belter mar- 
keting. 'rin* gas storag(‘ method ;ietiially iudi(*alcd 
prospects of keeping apph‘s in perleef eoiiditioii :is 
long as twelve moiUlH. 'This brought iiwreased 
enthusiasm to (lu* over-ea" growi-i*'*. for the pr<»S‘ 
peet of improvtaiieiil in the shipping of fruits fr»)m 
eouulries lik(' Australia, New Zealand. South Afib'a, 
to I'jirope be<*anie apparent. Liige-<‘ale experi- 
ments on the storage and transport <tf fniil'' wei’e 
planned jointly by the lAmd Investigation Board 
and the Kinpire Marketing Bond. W’ith this object 
tlic Dilton li'iboratorv wa'^ e>-tab!ished at East 
Mailing in 1!>27 ami fm* il the I-jnpire Marketing 
B(»ard alone e(ml ribnt< d 

The (‘Heel of soil, elinia((‘, and \arii‘t\ on the 
storage properlie> of fruit had ali'<‘ad> been .studied 
to some extent. Il was a^'igiied |o (he Dillon I/ibi>- 
ratory to .'^tmly I /) I ln‘ 'xioragi* of fruits on a sj-mi- 
eouuuereial ."eah* :ind (// ) I lie inlliienee nl Immidil v 
upon storage propei l ie*^. I''iirl h<‘r, the- L il)oia(iu\v 
xvas situated Ixu'dering the lM>t Mailing hVnil 
B(‘s(‘areh Station in \ iew of the |> 0 '.‘,ibilil ies (d' 
examining the inlliienee nf tin* ron|-^h,ck . upon 
storage propfM’lie" In the Iniit. 

Storage of fruit ha" now beenine a eonunon 
praetiec. True, fruit i*^ grown only during tin* 

summer, blit apples are .a\ aihible now e\'(‘ry day ol 
the year as fre"h a^' jii"t picked from the tree, and 
cv(Mi softer fruits siH'li pears, plums, and l)erri(*s 
call be kept f«u’ long<*r period> than Ixdnre. 
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FRUIT RESEARCH IN ENGLAND 

Fruit and Vegetable Preservation Research 
Station, Campden 

Snoti llio War botran, (*x|)(Tiin(*nt.s on the 

prose rvatioii of fniil and ve^(‘tal)I(* W(‘r(* stimulated 
by tlie Ministry of Aj^rieiilture and fisheries and 
tlie I)(‘velopmrnt Commissioners. The Aj;ricultiire 
and llt)rtic*ultiire Department of Ibistc)! I ’niversity 
started work at Stndley (Vdlejje in eo-opt^jilion with 
Dr \j. Hamilton and at Diinnin^ton Heath with 
Mr C. S. ^fartin on his fai’fii tin* re, on fireservatioii 
by drying, eanninn, and (»ther im*lhods. Arisinjj out 
of these experiments two experimental faetories were 
staited, but the et)urse tak<‘n by the War made it 
imperative that attention mn>t be diverted from the 
exp(‘rimental to the purely prodiietive as|)eet. With 
this objet't in vicNV a lar^e faetory was planned and 
some premises w'erc* piireliased by the (jiov(*rnmeiit 
at (^nnpehm in IlMS. Hut winm aft(‘r tin* War the 
food emer^eiH'y vanished the Ministry of Ajirieid- 
ture stimulated investij^ational work on the preser- 
vation of hortieuitural produee rath<*r than inline^ 
diale increase in production. 

Fii U)2l, the Ministry decided to oifer the res- 
ponsibility of the institution to tin* University of 
Hristol. It has since developed into an important 
nnearc h station playing a ^reat part in the ijrowth 
of the eanniujjr industry of Kurland. It has deter- 
mined by research the varieties of fruit and vetje. 
tobies most suitable for canning and is studying 
every aspect of canning. 

Por some years now, short cours(*s in caiiiiiii^ 
have been given iimhu- the ans|iices of Uam|KJen 
Rc'seareh Station and Long Ashton. 


Other Centres of Fruit Research 

. Besides the above institutions, a certain amount 
of work on problems of fruit production is done in 
a numb<*r of teaehifig institutions under the various 
universities. Of these the South Eastern Agricul- 
ture College, Wye, Kent, and the Department of 
fiorticulture, R(*adiiig University, have done impor- 
tant work. 

S(!otland is not an important fruit growing 
country owing to its extreme climate. Conditions 
do not favour the tree fruit such as apples, pears, 
plums, cherries, but small fruits, c. r/., raspberries and 
st niw'berries, are grown there to some extent, and 
the agricultural (*(»II(‘g(‘s of Ediidiurgh and (ilasgow 
are investigating eiTtaiii problems of a bortieidtural 
nature. 

The Imperial Bureau of Fruit Production 

in eonelusioii mention must be made of tlie vital 
part [dayed by tin* Imp(‘i'i:il Hiii‘eaii of Kniit Dro- 
diieiioii hous(*d at East Mailing Hescareh Station, 
in tlie fruit researcb of England and t»f tin* lOmpire. 
Idke all other ;Vgrit*nltnral Bureaux in this eoiintry 
it owes its origin to the Imperial Agricultural ( \)n- 
fcrence of lb‘J7, and started work in April MrJll, 
under the abh* din*(*torship of Dr B. U. Hatton, 
who, as mentioned above, is also tin* dir(‘(*tor of tin* 
Kist Mailing Keseareh Station. It nets as a bureau 
of inforniation respecting fruit resc'areh in general. 
Its teehni(*al (*ommuni(*:ition.s and tin* (piarlerly 
])ublieati()n of tin* Ilfulirttl/Hral Ahsirarts must 
now be regarded as iudisp(‘usabl(* to seieutilic horti- 
cultural workers all ovec the world. 

The author tenders his grateful thanks to the 
jhireau for its a.ssistom*e iu eolh‘eting information 
from various sounnts for tin* preparation of this 
article. 
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The Mystery of Cosmic Radiation— Part II 

A. K. Das 

Upper Air Ob«erv«tory, Agra 


Wave or Corpuscle? 

F^VKtt sincp tho piibliciitioii of ^<•ss^sf work in IbTi 
wliieh conclusively proved tlic existence of a ln^l^ly 
piMK^tratin^ radiation coniinir from above, a consider- 
able amount of tln oretica) as well as cxperinKMital 
work has been done ])urportin^ to discewer the 
nature of (his ultra-penetrating radiation. There 
have been two s<^liools of workers, one a<lvoca(inji: 
thoA^iew that tlie cosmic rays (*ousist of ellua* waves 
and the other niaintaininjy that experinuaital evidence 
justifies th(‘ conclusion that the (M)sinic rays an* 
«‘leetrieally eharj^ed i)artieles (electrons, protons) 
inovifif^ with v<‘loeities approaeliinj; that of lijrht. 
Attemi)ts have b(‘en made to devise ex[)eriments 
<‘ap!d)le of (^ivinjjc a de<*isive verdict about (he truth 
of the one or (Ik* otlier view. One of the im»st 
fundamental experiments of this type was (hat of 
liothe and Kolhdrster (10‘Ji)) who eniidoyed (he then 
recently invented tnbe-eounters r»f (leij^er and 
Miiller for eoiintinjj; the so-called cosmic ray “coin- 
cidences.” These counters are, as is w( II known, 
capabl<* of detecting sinj^le rays. In (his famous 
experiment, which j^av’^e a fresh impetus ti» (he stmly 
of cosmic rays, lk)thc and Kolhr>rs(cr had two tula^- 
eounters arranj^ed one above the other but in no 
way connected with each other. They found that 
an appreciable* fraction of the total number of im- 
pulses of both (he counters was sfunilfaueoHs (two 
impidses were taken to be simultamM)Us if the tinie- 
ditt*erencc between them was l/lt)() second or less). 
These simultaneous impulses were called ctuncidences. 
When the eount<*rs wen* arranfj<?d side by side, that 


* Part I was published in Vol. II No. 3. P. 121 
tThe importance of Hess’s work has been recoRnized by 
the award of a Nobel Prize in 1‘136 (See SciiiNCK and 
Cui«TURK Vol. II. p. 3057 


is, in a hori/ontai plain*, (he iimnber (»f eoincidcnecs 
decreased. If the counters were mounted one above 
the o(.h(*r, (bat is in a vertical plain*, and a blo(*k of 
j^old l.l cm. thick was interposed between them, 
tln*n also tlicre was a d<*cn*ase. In (he first case 
the (h*erease was (‘xaelly whaf eiaild have been ex- 
p(*eted from the jrtMtmcIrh'al conditions nnd tin* de- 
er(*;ise in the second easj* a‘;r<‘ed wifh the known 
absorption eo(‘flij*ient of (rj.ld f,,r cnsmii* radiation. 
Tims (he obs(‘rvi‘d eoiin*ldenees (minus (In* ehaiiee 
eoineiilein'cs expi'ctisl from tin* «r(*onn*trieal (*ondi- 
tions and probability i*onsid(*rations) are a nn'asnn* 
of the cosmie-ray impulses. Mot he and Kollidrster 
saw in this method a possibility of deciding wlnllnu’ 
the cosmic rays are eorpnseiilar or an? a kind of 
siiper^amma rays.* 'rh(*y tri(*d (he eoincidenee ex- 
periment with y-rays from radinin and found that 
eoiiieidein*es could be obtained only wln*n the 
elc*e( rolls prodn(‘(*d by tin* c‘lfcct of (In* y-rays on 
one of the eonnters could enter (In* se(*ond 
eonnter witln)iit beinj^ st«)ppcd by the walls of the 
eiamters or by any in(<*rpt)S(*d absorbing material. 
Tln*y eonehnh'd therefore that e«»smie rays wen* 
eorpnseiilar, for se<‘oinlary eh*et.rons produced by 
y-rays from radium could not presumably pass 
throiij^li ;i l.l cm. thick block of y;old. It is worth 
noting, liow»‘Vcr, that tlieir eoiueideiiee (‘xperiments 
do nut mak(; tin* ( oin liisioii drawn by Ikitln* and 
Kolliorster im‘vitablc, as it is obviously based oil 
(be assumption that si*coudary electrons produced 
by y-rays of tin* ])(*in*tratiiiti; power of the cosmic 
rays must, also have a peiietratiiij; power of the same 
order as those produeiid by known y-rays. Hut the 

•y rays arc e.m. waves whose wavelength is about 1000 
times less than those of X rays. They have therefore,, 
acconVmg to Quantum Theory, thousand times more energy 
th in X-rayvS. 
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THE MYSTERY OF COSMIC RADIATION— PART II 
Millikan Theory of Origin of Cosmic Rays 

armitiKMil fjiils if (In* cnsmii- r-r:»ys wen* luoro, 

sjiy :i llinii<:in(l timos mon*, jMMictratiiijr. 

As :i (if fuel Millik:in mikI ('aiu<Tf)ii (liKH) 

Immjflit forward cxpcriiiWMital t*vid(‘in*(% winch, 
according to tlnaii, supported the vi<*w that cosmic* 
rays \vcr<* like 7-radiation and were i)rofIn<*cd in 
accordaiicf* with tlu* hypoth(*sis jait forward ])>* 
Kddiniiton (I'.llMi) timt cosinii*. rays have tlu'ir ori;»:iii 
in tli(* ).>nildln^ np ofA'heavy ch*m(‘nts in distant 
r(*‘iions of spac<? occiipi«*d l)y dillhse matter out of 
tin* (‘lementary part.i<*les, the |)roton and the eh*cti*on 
- a proesss in whi<*h tin* loss of mass dm* to the 
“ijiackinj^ cllVa’t/* can lx; coiivcrt(‘d into ra<liation. 
>lillikaii described tin* lU'ocess in his own i)ictures(|ue 
lan^piaj^e, “(iod Almiy:hty is still at his jf)b in his 
workshop.” The attractive id(*a of deans, which 
has l)t*en recognized as indicating the most probable 
source* of stellar energy, namely, that matter is 
annihilated dm* to the falling' to<{(*ther of (*lectrons 
and protons and is (*ouvert(‘d into radiation, found 
favour with some workers. Now, Re'j:<*iier (MtL\S, 
IhIU)) shewf'd from his al).S(uption exporimeuts in 
Lake (’onstance witli the help of hi;{h- press lire 
ionization chambers as w<‘ll as (ji(*i^(*r counters that 
the spe<*trum of cosmic rays consists of four com- 
ponents of dilterent |)enetratinjj: powers; the absorp- 
tion coetlicients of the thre(* hardest components 
were found to be l).-0, 0.()7i? and 0.1! I r(*spectivcly 
per metre of water, l)ut the abs(u*pti<»ii coellieient of 
the lonj^est component couhl not be determined with 
sulHcient accuracy. Lven if we assume that these 
are the only lines or bands of the cosmic-ray spec*- 
trum (althoii^rh th<* works of Kolhdrstcr and (Airliii 
indicate the pres(*nce of still hariler coiupon(*nts as 
>vell), it is not possibI<^ to liud a satisfactory explana- 
tion of tin* orijjjiu of all the four components on the 
hypoth(‘sis of aimihilati(>n (»f matter. The hard- 
est comiioneuts may, however, be* exiilained, as deans 
has urjijed, by the amiihilaliou of one fl-particle and 
its two neutralizing (*lectrons, and the next softer 
component by the annihilation of one ])roton and 
its neutral izinjj; c*lectron. To make a loiijj story 
sliort, neither Millikan’s nor d(*ans’ tln*oru*s, attrac- 
tive as they wen*, stood the. test of experiments. 


Deflection of Cosmic Rays 
If the cosmic rays be really eorpnscnlar in na- 
ture then the eonstitn(*nt eorpnseles are most likely 
to be eleetriesdly charjred el(*mentary particles, name- 
ly, the ele<*troiis and protons. This opens np a new 
]K>ssibility of niakinj; a crucial experiment to settle 
tin* controversy rejrardinj^ the nature of the cosmic 
rays. A<*cordinjrly Jk Hossi (19 11) tried to find out 
whether tin; cosmic, rays could be <leflect(*d by a 
stronj; ma‘ym*tic fi(*ld. Ry iisiiifr a field of the order 
of KiOOO ^aiiss he (‘ould not obtain an unmistakable 
d<*flection so that tin* (*oii(*liisiou that could In* drawn 
from his exp(‘riments was either that tin* cosmic 
rays do not consist rd’ eh‘ct rons or protons or that 
the constitin*nts are (*lectrons or protons of en(*rjji(*s 
greater than .10 or ‘JO milliard electron-volts.* 
Althonj»h Rossi\s majiindic i‘xp(*rinn‘nts did not lead 
to any dclinite identilication of tin* cor|)nsenlar 
nature of tin* cosmic rays o///ey r.rfmrimcufs Itiire 
yieltlrfj rerii Irifsttrnr/hfi eridptfce in fnrnnr of the 
rieir that rostnir rnt/s ronsisf of clvririfnlhj charged 
part fries of venj high enngg ndhrr than phntons. 

Discovery of Positron 

'Fhe new t(?(*hni(|ne which h*d to these discoveries 
was first invent(*d by tin* Russian work(*r, Skobeizyn, 
ill 1929. It is well known that it is jiossibh*, with 
the aid of tin* W’^ilsim cloud chambr*!*, to take; photo- 
graphs of char<X(*d parfich'S. Witness, for example, 
tin* fraeks of u-rays whieh arr* found in every 
advaneod textbook (m pliy^ies. These traeks are 
generally strai^jlit and il'iek. I5ut the traeks of 
eleetroiis (/^-rays) (*onsist of ziy:zairs, and are nsnalty 
thin ; when the velocity of electrons is nearly that 
of Iiji:ht, tin* path beeoiin's straijrht, imt eontiimes to 
be thill. The 7-rays hav(^ no path of their own but 
are iinlieated by the path of (*l(‘ctroi\s wliich tlicy 
release by (k)m])ton collisions or otln‘rwise. An 
experienced worker can, by looking at the picture, 

*lt is usual to iiiea.sinv eiier>;y of pfirticles iu millions of 
clcrtron-vtills. According to Iviiislcin, mass and energy 
are equal, the mass of ail electron is etjual to half a 
minion electron-volts. In cosmic-ray analysis, electrons 
and positrons possessing energies of hillion (10*) electron- 
volts and higher have been found. 
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say whether the track is tliat of an electron, an 
M-particle, or a pi’oton. 

Skobelzyn put the Wilson ehainher in a inajrnr* 
tic field, the direction of motion of the particle ])cin^ 
at rit^ht anjrles to the held. This converts *he 
strait;ht paths of charj^cd particle into a ciirv»‘, 
and from the direction and amount of curvature 
it is possible to tell not only about tln‘ mass and 
charge of tin* partiide.s but also of their ema-gy. Ib‘ 
got many nnex|H'et(‘d results, c.f/., he found from 
cosmic rays ele<‘trons of extremely high ema-gy, but 
also particles which wen* <Mirve(l in tin* opjiosite 
direction. Skobelzyn’s exi>(*rim(*ntal arrangenn*nt 
was further improv(*d by ('. .\nders(m in the 
California rnstitnt(* of Technology, and by P. J. M. 
Jihickett in the Cavendish Laboratory, Cambridge. 
They used much high(*r magnetic liehls and a series 
of Geiger counters to a<'t as collimators for cosmic 
rays, and also as tiring device, 'fwo or more 
Geiger counters w<*re arrang(*d vertically abov(! 
each other and alamt the Wilson ehamber, and by 
a <*lever (‘tectrical device, the Wilson chamber was 
fired ( i. c., was aliow<'<l to expand ) only when the 
(*osmie ray had passed through the Geiger eonnters 
above. This (*iiabled them to find out tin* direction 
of the cosmic ray entering the Wil.Non <*hamber, 
and finding out its ]>ath under the magnetic field 
simultaneously. 

Both .\nderson and Blackett wen* pnzzh*d tc» 
find that in addition \ n ehjctrons, particles having 
apparently the same charge* and mass but with 
op])osite curvature were found. These tracks could 
not be due to e-p;irti<*les or protons, as they were 
very thin. They <*ould only be dm* to the ‘positive 
electron.’ 

The annonneenu'ut of tlic discovery ol the 
positron was boldly ma<le by C. .Vuderson in 
As is cl(*ar from tin? above account, this discovery is 
a byeproduct of the work on cosmic rays, .\nderson, 
who, at Millikan’s in.'.figation, starttnl to disprove 
tlie corpuscular theory, was rewarded wdth one of 
the most fundamental disc(jveries in physics. Like 
Saul, he set out to seek for his father’s ass(*s, but 
was rewarded with a kingdom. 


It is not <inite right to say that the “pr^itron” had 
not been predicted. In fact the existence of element- 
ary parth'les of (*lectronIe mass but with positive elec- 
trical charge had jnt'vioiisly be('n made probable by 
the relativistic wave-meehaiiies of Dirac, though in a 
way which did not much appeal to expt'rimr-ntalists. ^ 
Th(*y wen* regarded as Imles in a medium filled 
with negative electrons. .Vlmosj, sinuiltam*ously with 
AiHh*rson, lllackelt and Occhialini j)btained the 
same r(*snlts with the Ik*!)) of a more <*onvenient 
automatic device for phol«»graphing the tracks of 
<‘osmi<*-ray particles in a Wilson expansion (‘hamber 
simultaneously recording tin* coinci<h*nc(* withGeiger- 
Miillcr tiib(*-eounfr*r.s. 

_ ■ I 

Discovery of Showers 

They also found that many of the partich's 
diverge* from a single point inside or oiitsid(> the 
chamber {sltutnrs), imi or iiwu’e such radiant |)oinfs 
being <li*t«*cted in some ca.s('s. 

d'h(‘ improv(*d lecciit experiments (d .\ndcrson 
and Xeihlermeyer ( I '.‘lli) a' aLo of I llackett ( 1 llilH) 
on the same lines show that a "shower” may consist 
of more than 101) ami .sometiim-s ev<*n 1,000 tracks. 

It is to lx* not(‘d tint some \(>ars ago lloll'mann 
h:id (»]»erved in his ionization ciiamb<>r expf'ri- 
ments sudden im*reas(‘s of ionization (I loirmaiinsche 
Stds.se), tlx* cjuisr of which was not (hen clearly 
uml(*rsloo(l. Now it is ch'ar that thesi* llotlhumn 
Stdsse are dm* to shower prcxliiction. Tin* study 
of the shower pheiiDim iion i.s of the utmost, impor- 
tance for djilncing the natnn* of the primary 
cosmic rays and their methr>d of absor[)tion, for 
what are .actually obs(*r\a*d are not the primary 
r:iy.s, but only secomlary shower particles. Recently 
L. Lenz tlDill) h;is succeeded in (h'lleeting cosmi<* 
ray.*^ also by strong el(*ctric tields. B'ith a field 
of 7tM) volts per ceulimelre lx* tinds more positive 
than m*gative particles, while with a li(‘ld 70,00t) 
volts per cen(iiix‘lre tlx*munb(‘r of rx*gative parti- 
<*les is greater than that of positive* [earticics. It 
wonhl seem then*fon* that particles ob.served with 
the more intense field an* chiefly primary corpus- 
cles, whilst the dellee*le*d tiarticles <»bserved with 
the weaker fx'ld correspond to what are known as 
“showier” partich*s. 
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THE MYSTCRY OF COSMIC RADIATION— PART H 
Cosmic Rays in Earth’s Magnetic Field 

TIu? most coiicliisivc oviderico in fsiv(nir of thn 
corpiisnil.ir mitiin* of tin* primary cosmic, rays is 
provided liy a type of rmijrnctic cxfiorimcnt in 
which tin* msijriiclii; tield of the earth itself serves 
as tin* delh?ctinir field. Just after Bothe and Kohl- 
horster’s annoiincoMn‘nt in 1929 that cosmic rays 
were corspiiscnlar, they point<*d out that on account 
of the foeiissintr action of the earth’s Held, their 
intensity would vai‘y with the geoma^jnetic latitude. 
These exi)eriments consist in measnrinjf the intensity 
of cosmic, radiation at dillerent t'(*oma^netic lati- 
tudes as has been done by d. (lay of Amsterdam 
and A. 11. (•ompton (and his collaborators) of 
America. Altlioiij^h Millikan, Bothe, Koihorster, 
\\’<)lcken, and a few others failed to observe any 
remarkable ^liHerence in cosmic-ray inten.sity between 
hi{;h and low latitudes, (Jlay, who made a voyage 
from Java to Holland in 1932, found a consistently 
l(iw<?r intensity m*ar the eciuator than in Kurope, 
wdiile the ge(»graphical survey organized by A. H. 
(Vuupton unmistakably demonstrated that at sf*a- 
level the change in int<*nsity from the highest to 
the lowest latitude was I I f»er cent and at 1100 
metres it was .‘h‘l per cent. It was also found that 
the intensity-ionization curv<*s in (^impton’s sur- 
vey lay d<*linitely higher for high latitudes than 
for e(|uatorial r<*gions. These results are in good 
agreement with the theory, first put forward by 
Stormer and Kpstein and more completely winked 
out for cosmic rays by Lemaitre and Vallarta, that 
the cosmic rays consist of electrified particles cimi- 
ing into the earth’s atmosphere from remote space 
and are affected in their geographical distribution by 
the earth’s magnetic field. According to this theory, 
f)articles of energy less than 10 ele(;tron-volts 
approaching the earth reach it only at latitudes 
north of about tiO”, while the earth’s magnetic field 
cannot affect the geographical distribution of 
parti(‘les apfiroaching with energies greater than 
about ox 10* electron-volts. Fo intermediate 
energies, th(*re will be a latitude effect according 
to the distribution of energy of the incoming 
particles. Neither the above theory nor the 


results of the earth-magnetic observation.s are cap- 
able of distinguishing between positively and nega- 
tively charged particles, but the observational results 
appear to contradict definitely the photon hypo- 
thesis regiirding the nature of the cosmic rays. For, 
if the prima]*y rays were photons, then the secondary 
charged ])articlerf produced by the collision of 
these photims with air paiticles would not be deflect- 
ed, in the way cosmic rays are observed to be, by 
the weak magnetic field of the earth ; the magnetic 
field of the earth can deflect charged particles of 
high energy only if they travel great distances in 
the field. It may howi‘V(*r be that the radiation 
observeil by Millikan, B(‘gener, and Koihorster under 
great d(‘plhs f»f water, in some cases reaching about 
700 metres, iray b(* really photons produced in the 
same way as ])h()tons are produced by cathode rays 
striking a target, ’rims at low altitudes in the 
atmosphere* a mixture of electrons and photons may 
be pres(*nt, but the measurements at great altitnd(*s 
do not favour the view that an appreciable* portion 
e>f the primary e‘e)smic rays can be photons. The*, 
])ossibility, how(5Ve*r, is not ce)mpl(*te*ly exe*luele*d that 
a small portion e>f the primary cosmie* rays may be* 
ne»ntre)ns as we*ll. As far as can be* judge*d from the 
earlh-magne*tic obs(*rvations, eine can at pre*sent say 
W'ith certainly that e*e>smie; rays cemsist principally 
of charged e*leme‘ntary partie*les e*nte*ring the* e*arth’s 
atmosphere from e>uler sj)ace. ’riie e^arth-magnetie 
ob.s(*r vat ions cannot however elf*ciele* whe*ther the ])ri- 
niary rays are* ele*e*trons eir p?’e)te>ns, and there is no 
e)ther dire*e*t e*vitlence^ to deciehi whe*the‘r the primaries 
have a protonic e)r elee\reMne*, mass. But indirect evi- 
deiii'e is available from the phene)mene)n of “sheiwers” 
in cle>uel chamber oxperiimuits in a strong magnetic 
fielei combin(*d with (ie*iger-Muller ceuinters. The 
b(»autiful photographs of showers obtain(*d by Blae- 
k(*tt, Anderson, Kunze, Stevenson, and others show 
that the shower particles are mainly electrons and 
positrons in about equal numb(*rs, while a very small 
portion of the iiarticli^s, about one per cent, are 
either protons or «-particles. The mecJianism of 
shower formation is not clearly understood, but it 
appears that the shower particles are not the result 
of disintegration of atomic nuclei which have been 
hit directly by the primary cosmic-ray particles, for 
the total energy of shower particles is much higher 
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tliim that of any michMis, even tlio lioavicst. Tho 
onergy of the shower must therefore come from the 
primary cosmic ray. The latest photojrraphs of 
showers show that the shower particles do not 
verge from a single point but start from a luimber 
of points. Blackett advocates the view that the 
primary cosmic-ray particles, .through some yet 
unknown process, produce a cluster of extremely 
hard photons which have practically no ionizing 
power and are therefore not photograi)h(‘d, but each 
such photon on encounter with matter gives rise to 
a pair of electrons, one positive and the other nega- 
tive, so that a show(*r consists of a group of many 
sucli electron pairs. According to llels(‘nberg, the 
shower particles are due to tin* indiictioii of pairs 
of positrons, electrons and neutrinos from the 
nucleus by a passing high-energy cosmic ray (s(*c 
iSciKNc’K ANJ> Vol. if, p. lit.'}). Thus the 


formation of showers is closely related to 
the process of absorption of cosmic- ray particles, 
and we can expect that a better und(*rstanding 
of the one phenomenon wrudd materially advance 
our knowledge of the other. But it is extremely 
dillienit on the one hand to draw any umpiestionabic 
conclusion from the results (d absorption experi- 
ments on cosmic rays, and on tlu^ other hand present 
theory is quite unable U) deal witli the process of 
absorpt on of such high energy j)articl(»s as the 
cosmic rays. Jt is certain that tin? primary rays are 
mainly absorbed by shower formah'on. If (he initi- 
al act of shower produetioii be the emission of ji 
cluster of photons, as suggested by Blackett, during 
a collision of a primary ray with matter, then accord- 
ing t<» quite general theoretical considerations, such 
radiation processes should be much more frequent 
for electrons than for protons. Thus the i)rimary 
cosmic rays are probably electronic (both positive 
and negative). 


Early Man in Asia 


An important symposium on Karly Man was held 
recently at the Academy of Natural Scidices of 
Philadelphia to mark the Pjrdli Anniversary of the 
Academy. Among the British reprcseiita<iv(*s 
attending were Miss Dorothy (Jarrod and Ih’ofessor 
V. Gordon Ghildc. (^insidcrahlc interest was 
aroused at the opening session by a group of papers 
of special signiticaime in their bearing on the pro- 
blem of the ev(diition of man, and the dating and 
distribution of early forms of his culture. They 
opened with a survey of man’s geological record in 
♦Java by Dr G. If. B. Von Koenigswald, official 
palaeontologist, fJava Scrvict*, followed by an accfmnt 
of the palaeolithic industries of Gliiiia by Mr W. C. 
Pci, who discovered the tirst Peking man skull in 
11)29. Tills commiini<*ati()n was not, able as the first 
comprehensive survey cif the material to l)(? sub- 
mitted to a western aiidiiuiee. Mr Pei elassitied the 
main palaeoKthic industries into four groups ; but he 
also referred to two earlier industries which had 


been recognized by the Abbe Ifreiiil, tlm Nibowan, 
represented by om^ worked stone and some worked 
bones, dated as l^pper Plioseene and eipiivalent to 
tlie Villefrancliian of Kiirope ; and Locality 13 in- 
dustry, r(*|>resentod by a chert implement of un- 
doubted human origin, belonging to an early phase 
of the Lower Pleistocene and corresponding to the 
Abbevillean of France. ( )f the four main industries, 
the Sinanthropus, which may safely be said to begin 
the true industry of (Miina, belongs to the Lower 
Pleistocene and is attributed to the Abbevillean in 
the French palaeolithic s(»queiiee. It is followed by 
the newly dLscovered and little studied Locality 15 
industry from Clioukoutifsi, the cav<» which was the 
home of Peking man. ’fliis industry may belong to 
the early Middle Pleistoc<'ne, and corresponds to 
the Lite fiower Palaeolithic, of Kuropc. The Ordos 
industry... is contemporary with part of tlie Cliincsc 
loess and may be attributed to the Late Middle 
Pleistocene. •^JJiticovenj, ♦June, 1937. 
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Vernalization— a new Russian Method 

I 

of Crop Production 

Anil Mitra 

Ufipartmcnt of Botany. Univenity of Allahabacl. 


Tiik most riMiiJirkable achiovoimMit in jigrioullim^ 
during recent yonrs lias been the Ilnssiiiii discovery 
that by suitable treatment of the seeds before sow- 
ing, crop ])rodu(‘tion can be greatly hastened. 
Prof. T. T). Lysenko of tlie Odessa Institute of Plant 
Breeding discovered tlu‘ process in about 11)28 and 
called his method “darovizaeii^^ in Russian though 
it is now mon^ wid(‘ly known by its latinized form 
“vernalization.^* By this process, many plants are 
mad(! to mature veu-y early making it possible for 
two crops to be raised in the same fields in the 
course . of a year. Tt has also enabled the Russians 
to extend crop cultivation to places within the 
Arctic circles where this had hitherto been im- 
possible. 

Nature of the crop plants 

Plants, it is well known, flower at a [)articular 
time of the year, but this was held to be due to 
a response to the temperature. Garner and Allard 
in 111] 8 showed that variations in the length of 
the day is also an important factor. Generally 
speaking, there are two kinds of plants : (/) Short- 
‘ day plants which rc(|uire only a short (less than 
12 hours) daily exposure to light in order to pro- 
duce flowers. Kxami)les of shorbday i)lants are 
millet, sorghum, maize, rice, soyabean, French l)ean, 
cotton, tobacco, subtropical cereals (autumn varieties), 
ehrysanthetnum, etc. These arc generally .sown in 
autumn when the temperature is high but grow in 
(he short winter days, (n) Long-day plants. These 
reipiirc a long (more than 12 hours) daily exposure 
to sunliglit lor flowering. Temperate cereals (spring 
varieties of wlieat, barley, etc.), garden pea, potato, 
lettuce, opium poppy, red clover, runner bean, radish, 


cU*., are generally sown in the colder spring days 
and grow during the long days of the summer. 
The teunperature during germination and the length 
of the day in later stages 01*0 both imporbiiit. If 
long-day plants arc grown under short-day condi- 
tions or rire rersa^ flowering is inhibited or long 
delayed. Sefhtm spertnhile, a long-day plant, was 
prcvcutcjil from flowering for 9 years by growing 
under short-day conditions but flowered at once 
on exposure to fiill-day length. In England there is 
a saying among the farmers, “Plant potatoes when 
yon will, they won’t grow till April.” This is be- 
cause potatoes reipiirc the long days of April for 
their growth. The dittcrcnce between long and 
short days is clearly marked in western countries. 

Method of vernalization 

Gassner in 1918 showed that if germinating seeds 
of winter cereals be kept at a temperature near 
freezing point for about a month and tlicn sown, 
the plants mature very early. This method as such 
is obviously (piite impracticable for (udtivators* pur- 
poses as the seedlings bceome too large to be 
handled. Lysenko hit upon the idea of n^tardiiig 
tlieir growtli by limiting the supply of water. Tlie 
seeds, then, remain fit to be .sown in the usual way 
and can even be dried and .stored for a time. 

The precise method of vernalization varies with 
different plants and also with different varieties 
of the same plant. To obtain sueccssful results it 
is therefore necessary to determine the exact condi- 
tions for each form. Winter wheats arc first soaked 
in water and the weight of the absorbed water 
should not be more than .50 % of tlie dry weight of 
the seed. The normal water content of winter 


SCIENCE ft 
C C L T tJ fi £ 


.18 



VERNAUZATION— A NEW RUSSIAN METHOD 
OF CROP PRODUCTION 

wheats is 12-14 /» and so about 35^ more water 
by weight is required. It is better to deterinine 
the original moisture content for each sample. 
The seeds are kept in this water for one or two 
days at room temp(u*atiire when they g(!t swollen 
and the embryos begin t*) emerge from tin* seed 
coat They are then kept in darkness at a tempera- 
ture of 35-3G°F (near freezing point) for 40-50 days. 
After this period the process of vernalization is 
complete ‘and the seeds arc ready for sowing. Spring 
varieties of wheat generally contain more water 
and so less of extra water is necessary. They are 
vernalized at a slightly higher temi)eratnre and 
are required to be kept in darkness for a shorter 
period. The late spring varieties reepnre 38-42° K 
for 10-J 5 days whereas the early forms need to be 
kept at 4 7-50° F for 5-(i days only for vernalization. 

Field Operations 

For field sowings the seeds are spread on cement 
floor and the requisite amount of water is siq)pli(‘d 
in three successive stages, after each of which they 
are mixed thoroughly with a shovel. The layer of 
the grains .should be kept thin, otheimse the tem- 
perature will automatically rise due to accumula- 
tion of the heat of their r(*spiration. This is also 
necessary fol* proper aeration of the seeds. In 
colder parts of Russia vernalization can be brought 
about by opening the windows at night but in 
other countries artificial refrigeration is necessary. 
Proper lU’oportion of moistui-e must be maintjuiied 
during the whole proce.ss, as failure is often due 
to the narrow range of moisture, content i>erinissible. 
If the grain-s become too dry, vernalization will 
cease and it i.s better to add about 5 % more water. 
If too wet, the seeds will germinate too far. This 
can bo avoided by adding .some (up to 10''^) dry 
grains of the same variety, h^flbrts have been 
succe.S8fully made to prevent undesirable growth by 
the use of harmless, ‘balanced' salt solutions instead 
of pure water. Moisture during vernalization en- 
courages the growth of moulds. This can best be 
prevented by keeping the vessels clean and by 


disinfecting the seeds by soaking them before the 
second application of water in cither formalin 
for 3 minute.s or in '1% cju-rosivc sublimate for 
10-15 mins. Ro.st results are (»btaim*d if the seeds 
arc .sown immediately oft<*r veriializatioii and there- 
fore treatment should bo started at such date* that 
vernalization is finished on the day i>f sowing. If 
absolutely necessary vernalized s<‘eds may be dried 
for storage by adding about 30;', more dry sc(‘ds 
of the same variety, but in no case should they be 
kept more than 15 days beibn* sewing. 

Vernalization of other plants 

Short-day plants generally require to kc'pt at a- 
higher temperature but for a shorter period and in 
total darkness or exposed to short pcri<»ds of light. • 
The conditions for vernalization for a few typical . 
crop plants are given below : ■ 


Crop. 

9^ of 
Water. 

Temp. 

No. of ' 
Days. 1 

wpiit 

comlitiun. 

Short day plants 





Millet 



5-7 days 

(larknoss 

Sorghum 

2G9t 

70 80* P 

8-10 

- 

Mai/.e 

30% 

70-80M- 

10-15 

n 

Soyabean 

75% 

70 80“P 

10-15 „ 


Colton 

60% 

68-77-P 

j 

15 


I.oiitil.s 

60-70% 

47-.')0»P j 

10 12 „ 


Rice 

— 

38 4l"P 

14 „ 

1 n 

Tjong-day plants 


i 



Wheat 

50% 

34-36Mf 

40-50 „ 

ti 

Barley 

40-50% 

35-37- P 

35 „ 

It 

Rye 


33-36* P 

24 „ 

II 


Gregory and Purvis have found that vernalization 
in rye can be eflected (‘ven during ripening while' 
the ears still remain attached to the plant by chitling 
them in ice-boxes (33-35^' I'') for 24 days and thrtv' 
allowing them to finish ripening as Usual. Potatoes 
have been vernalized by T^y^icuko by sus])ohdinj]f‘ 
them on vertical wires for 20-30 days at 1)0°P uiidei^ 
continuous artificial light. Similarly tomatoes re- 
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quire eliillin^ of H<*e(ls for 24 duys and then 12 
dtiyn of eonliniions lifrht. 

Diagnosis of vernalized condition 

The vernalized seeds are outwardly (piite similar 
in Iho III! vernalized ones but differ (inalitatively from 
the latter. The precise nature of this qualitative 
ehanjje is not known. Aeeonling to a few seientists 
enzymes are responsible for this chanjje wliile accord- 
iiitf to others hormones are the causal ajj(‘nts. Both 
tile tlieories have to a jrreat extent been disproved. 
Ihit there is no doubt that a eliange in the colloidal 
and chemical nature of the protoplasm takes place 
diirinjr vernalization as is proved by the fact that 
vernalized and nnvernalized seeds react differently 
to certain stains. AccordinjT to Richter the two 
kinds of seeds may be di.stinguished by the following 
methods of staining (/) by treating the embryo 
first with a n% solution of ferric chloride for 2-3 
minutes and then after washing by addition of a 5% 
solution of potassium ferrocyanide. Kmbryos from 
v<‘rnalized seeds are stained intense blue while 
those from nnvernalized ono.s remain practically 
imstained. (//) .Another method is by applying a 
solution of methylene or toluidine blue having a 
suitable acidity. The lower skin (epidermis) of the 
leaf of a vernalized wheat appears blue while tliat of 
a nonvernalized one turns pink. In a<?id .solutions 
(pi I 3*8) of the latter stain the vernalized seed.s 
(prckly become blue while there is no .stain in the 
nnvernalized ones, but in alkaline .soliitioii.s (pH 9*2) 
the unvernalized seeds stain more deeply. 

Practical Utility of vernalization 

The method is widely practised in Rassia, which 
i.s predominantly an agricultural eonntry with 83% 
of the iiopnlation living in villages, and the gain to 
agriculture th<*re from venialization has been enor- 
mous. By this process winter cereals can be made 
to yield if .sown in spring and in the spring varieties 
the groat hast<»ning of seed formation makes it 
possible to obtain two crops in the same .sea.soii. The 


following table gives the time taken for flowering by 
.some Rii.ssian varieties of wheat in both veruHlizod 
and iiiiveriialized conditions. 


Variety. 

• 

Date of 

Date of 

Number 

Sowing. 

earing. 

of days. 

Spring varieties 




T.erythro^ ( imvern. 

April 1 Ith 

June 1st 

81 

apermum ( vern. 

l^ocal “Girka” • 

April 1 1th 

June 5th 

55 

at Odessa unverii. 

April mil 

June Hth 

64 

Winter variety 




“Kooperatorka” iinverii. 

Aiig. 28th 

Nov. 28th 

92 

vern. | 

Aug., 2tSth 

Oct, 2 1 St 

54 


The se(;ds after they are formed require some 
time to rea(‘li compleU* maturity. This period is 
greatly diminished (even to tin? IGth day after flow- 
ering) by vernalization. Winter wheats are gene- 
rally harvested on the 38th day after the appearance 
of flowers. The germination of the vernalized grains 
if aecomplisiied on the IGth day means a gain of 
22 days and if the 10 days of after-harv(*st drying, 
which is not required now, be added, the gain is one 
month. Then wo have to take into eonsidenition 
the gain of about 20-30 days in the time fnan sowing 
till the production of flowers. Thus the total gain 
comes to about. 2 months. The ha.stening of seed 
formation duo to vernalization has made it possible 
to grow the high-yieldiug late varieties in dry 
regioii.s like Ukraine where they are usually destroy- 
ed by heat and drought, fn the vast tniets of land 
in the Arctic Circles the ground remains free from 
snow only for about 4 months in .summer. Little 
agriculture is pos.sible and the population lives 
mainly on saw-milling, hunting, and fishing, and is 
often forced to migrate southwards. Due to the 
great hastening of (Top-production, sneeessful culti- 
vation, even in tho.se countries, is now made pos.sible. 
At Hibiiiy, tlu? most northerly researeli station in 
the world, the Polar Division of the Institute of 
Plant Industry experimented with 3,500 varieties of 
wheat, 1,500 varieties of barley, and 500 varictie.s of 
oats in both vernalized and nnvernalized conditions. 
42 ''i of the nnvernalized varieties ripened and of 
the nnvernalized ones about 15% did so, but it was 
both irregular and delayed. A.s a result of this 
experiment the number of V4irietie.s that can be 
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proiitftbly iii tlie AixftUi bavc b(M*n 

iiioroiised by tiinos. 

Tho yiold from tim vormdi/.cd plants is alsn 
grettt(*r. At Odossii it has been found ihat in two 
variotios of whoat from ontsith* tlm yi(*ld is ‘Jo timos 
moro whon vormili/od and al^so it is mii(‘li morn 
than th(^ bust local variety jj;rown normally. In the 
North (Jaucasns tho lat(* “dnrnni” variety (»f wh<‘at 
gave about 50% moro grains both in liiitJ and lO.tIt 
whioh wore years of abnormal drought. V<*rnali- 
zation was not whloly practiseil in Russia till lOdJ 
when tho area under vernalized crops was abtnit 
43, 000 hectares.* In 1033 it rose to about JOO, 000 
hectares and in 1034 tin* ligu res n^aeliod about one 
million heetaros. Tin; average; increase in grain 
yield for the whole e<mntry was about 1*13 centners 
per hectare but generally it was about J-4 c(*ntneiN. 
Not only the yield but <»ther cpialities such as 
drought resistance, size, quality, and weight (d tho 
grains are also increased as shown by the results 
obtained with all the variety's of tin* world collection 
of wheat. Tho milling and baking (jualitics are also 
much improved. 

Short-day plants are dilliiailt to grow in the long 
summer days but they grow v(*ry well even in sum- 
mer if the seeds arc vernal iz(*d or if the period of 
lighting be artirtcially shortened. Tho cultivation of 
the soyabean had been impracticable in Germany 
and Kngland due to the long <lays [)revalent wli<*n 
the plant grows. After vernalization they grow 
very well in summer and tlicre is no need to grow 
tlieni in warm green hous(;s in the short days of 
winter. Many short-day cereals like soi-ghum, 
maize, etc., can now, f<»r the lirst time, lx; easily 
grown under the long illumination of the no)th<*rn 
regions and Arctic. Zones. 

llesnlts with other croi)s have been equally en- 
couraging. Thus in oats the increase in yield was 
22%. The number of ears per s(|. meter in verna- 
lized ones was only 1S7. 'Fhe vernalized plants 
were also about 4 luches high(*r. Rice in llolhuid 

* 1 Hectare=2‘47I acres. 

1 Centner=st10 lbs. 


showed earlier tillering (bVaiiching at the base) and 
the increase was \H'» and in the yield of 

grain and straw respectively. Potatoevs in the 
(Vntral Volga region gave the crop one month 
earlier and the yield was about 30-S0 c(;ntners more 
per hectare. The results with cotton have been 
V(‘ry remarkable. The iilants were more vigorous 
and yielded more than tho.se grown under the most 
favourable conditions. 1’he Egyptian varieties gave 
the best residts showing an increased yield of 
7S-I57%. The American varieties gave less favour- 
abh* re.sults ;ind probably recpiired a slightly diller- 
ent technhiue. Not only the yield but the lint 
length and ginning p(;rcei>^ge wen; both higher. 

()rnam(*ntal and garden plants also respond to 
vernalization. Hiennial.s flower in oiu* y<*ar and by 
.sowing annuals in spring it is |)o.ssiblc to get an 
early dis])Iay of llowers. 33ie opposite* ellect, />., 
delay in flower formation .so that the size of the 
plant is increased, has also been obt.-dned by with- 
holding the c(Muiitions known to bring about ver- 
nalization. Thus cabbage, be(*t, lettuce, celery have 
be(*ii grown to big sizes by not allowing them to 
flower. The forage* and the* herbage* cn)ps sln>w 
greatly inereasetl growth in the first y(‘ar and the 
effect is also seen in tin* s(*coml. 

To plant breeders v<‘rnaliza(ion has been an 
invaluabh; asset. They can obtain ev(*n 3 gt*n(*ra- 
tions of wint(*r wheat and 4 »>f the spring variety 
in one year by vernalization combined with artificial 
control of tin; length of the day. They can now 
grow the early and late typ<*s, the winter and the 
spring varieties tog(‘thcr, combine their de.sirable 
characters by crossing and get results (piickly. The 
late vari(*ty of one di.strict may not be always 
“late” in other districts and by actually crossing 
two de.sirablo “late” v.irieties an ultra-early variety 
has been produced for another ri'gion. Acconiing 
to Ly.senko “the strains should be sown both in 
the vernalized and unvernalized state. Thu best 
lo<*al .strain.s should be crossed with those which 
after vernalization iirove to be earlie.st and of best 
quality”. 

Not much work seems to have; been done on 
the ability of vernalized plants to resist di.sea.se. 
Nemlionko .showed that the freipicncy of the bunt 
disea.se, in which grains become filled with a greasy, 
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black mass strongly of rott(Mi fish, is in ver- 

nnli/od plants about oiieHliird of that in iinvenializcd 
ones. i\ccordinjj to Hanna, how(*vor, the incidence 
of a similar disease ( smut ) was not appreciably 
affected by vernalization. 

Work in India or on Indian varieties 
While the results obtained in Russia arc so 
striking; they an* h*ss encouraj^in^ in other countries 
under diflerent climatic conditions or with other 
crojjs. According to Miss Purvis, there is no need 
to use expensive artitieial refrigeration for the 
long-day cereals in Kngland except to 
resow the patches damaged due to winter injuries 
with the same vaiiety in spring so that the plants 
on the resown patches mature within a short time 
and yield the crop together with the rest of the 
field. The process can however be used with advan- 
tage there with short-day plants. In India the 
results so far have not be<Mi promising. At Pusa 
two varieties of wheat and barley were vernalized 
and sown. With wheat there was no diirerence in 
either yi(^ld or maturity from the un vernalized one.s. 
Barley when vernalized for one we(;k showed acce- 
lerated matiirify but if done .so for 2 weeks the 
maturity was retarded. Oats in cither conditions 
showed an accelerated maturity of 1-6 d.ays. At 
Nagpur work with cotton and .sorghum gave no 
definite results but in some cases the latbT showed 
an acceleration of ii-4' day.s in maturing. Rice 
secd.s at Coimbatore remained unaUceted. Probably 
the Indian forms rcciuire different sets of condi- 
tions and much work is needed to determine the.se. 
Once we are able vernalize our plants properly 
there Is no doubt that we can be more sure about 
the yield and regularity of our crops. In many 
parts of India rainfall is irregular and the suiniuer 
often sets in too soon. Under such conditions one 
can easily imagine the great advantage of having 
the crop ready within a shorter period. This will 
save the plants from summer heat or drought due 
to the failure of rains. The Indian varietie.s, how- 
ever, have yielded very encouraging results at the 
liaiids of the Kussian.s. Flaksbergcr who in 1932 


examined the world collection of wheats (6,300 
varieties) reports marked response with winter 
wheats from India. The vernalized ones formed 
ears when the un vernalized ones did not even 
form the stern. AVith spring wheat, however, the 
diperences were slight The Indian wheats be- 
have in the same manner as wheats from China, 
Japan, Jugoslavia, Moiwco, Pern, North America, 
and a few other coiiiilrie.s. In an experiiiicutal 
farm near Leningrad, in the Pusa 52 “graecum’^ 
variety the miiiimuiu reduction in the. period up 
to flowering was 9 days. Under the continuous 
natural light of the polar region Indian barley 
when vernalized showed earing in 100% cases of 
which 44% ripened. In the unvernalized .state only 
22 % eared and 2 % reach(*d the ripened stjitc. The 
late Indian varieties of lentils showed an accelera- 
tion of 5-8 days. Their development was more 
rapid and the yield and weight of the grain.s were 
greater due to escape from summer drought. 

Why plants get vernalized 

Though the method of vernalization has secured 
great practi(*al advantage to agriculture yet the 
principles involved are not yet fully understood. 
Ly.scnko's conceptions are as follows : — 

(1) “(Irowth^^ and “development” arc indepen- 
dent processe.s, 

(2) In the life of a plant, there arc a series of 
separate stages. 

(3) These; stages always proceed in a strict 
.sequence and a subsequent stage cannot set in until 
the preceding stage has been completed. 

(4) The separate stages require different condi-. 
tions of their completion. 

The difference in sense between “growth” and “de- 
velopment” should be clearly recognized. “Growth” 
means inerea.se in size, but “development” means 
progress towards inaturity and flowering. If winter 
cereals be sown in spring, they go on “growing” 
without limit and form miraeroiis branches (tillers) 
but there is no .sign of flowering, *. e., they do not 
“develop” When they really “develop”, a quali- 
tative change takes place and flowers are produced. 
“Growth” and “development” cannot, however, be 
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completely separated. Purvis has shown that llower- 
ing can only be initiated after a minimal number 
of leaves are formed (i. c., after a minimal “growth”) 

. and Klebs as long ago as 1018 showed tliat flowers 
can be formed only after the condition which he 
calls “ripeness to flower” is attained. Fn vernalization 
“growth” is arrested by the supply of a limited 
amount of water, so that “development” goes on 
and hence the plants mature early. 

During “development” the plant passes through 
a chain of independent stages strictly following one 
another and each reejuiring diff’erent environmental 
conditions. The changes brought about in the plant 
is qualitative and there may be no visible external 
sign. Of the several stages tluit must be c(>m])lek*d 
before flowering two are clearly <lefiiied. These 
are (1) thermo-stagfi in which temperature is the main 
factor. Winter wheat is generally sown in autumn 
when the temperature is low but if they are sown 
in the hotter spring the thermo-stage is not complet- 
ed and the i)lants do not “develop”, /.c., remain in- 
definitely in the tillering stage. In vernalization the 
low temperature nKpiirod to complete the thermo- 
stage is supplied and the plants can flower even in 
spring if other stages are also completed. (‘J)Thc next 
stage is called the phoio-^stnge because the govern- 
ing factor here is the length of illumination per day 
and temperature variations do not matter much. 
The long-day plants if grown in short periods of 
light fail to i)roducc seeds. Completion of photo- 
stage reciuires first completion of the thermo-stage 
and then appropriate length of illumination, the in- 
tensity of light being of no c<mse(|uence (artilHual 
light of fvlO foot candles is often suflicient). If 
winter wheats be sown in summer in the unverna- 
lized state it will form no ears because tin* thermo- 
stage is not complete. If chilled but given only 
10 hours of light p(ir day it will also not flower be- 
cause though the therrno-stage is complete the photo- 
stage is not so. Hut if the same plants be then 
transferred to tin; ordinary long days the photo- 
stage is completed and seeds will form. When both 


the stages are completed production of seeds will 
take place oven if the plants are transferred back 
to high temperature and short illumination. Diflcrcnt 
varieties re(|nire diflcrcnt states to complete the 
stages. Jjong-day plants generally reepure a low 
tcMuperature for the thermo-stage and long illumina- 
tion for a definite period of days for tin* second 
stage. Short-day plants, on the other hand, require 
a higher temp(‘ratur(^ for the first stage and total 
darkness or short illumination for some; days for 
the photo-stage. V(‘rnaIization therefore retards 
“growth” and compl(‘tes these two “d(;v(*lopmental” 
stages (or at least the first) ev(Mi in the seed stat(*. 
Once these stages arc complete it does not matter 
under which conditions of temperature and light 
the plants are grown. 

This remarkable tiu'ory of Lys(‘nko, however, 
docs not fit in all tin; known facts and some have 
opposed some his ideas. Purvis has shown 
that if winter c(‘rcals be germinated at diflerent 
temfieratures the i;nci*t of the temperature is 
well marked if grown under long days but not 
so under short days. Others like C^iilahjan, Vasiljev, 
Mckinney and Sando have proved that low tempe- 
rature can be altogether dispensed with for pro- 
duction of flowers if during the first w(‘(‘k of their 
growth wintiT cereals are subject to short periods 
of illumination. Ther(*fore “IjysenkoV i«lea of se- 
quence of developmentid stages may be right but 
the notion of strictly defined stages each indepen- 
dently related to some oin* factfir of the environ- 
ment” is contradicted. 

According to Lysenko, vernalization is an irre- 
versible proces.s, but others have prov(‘d that the 
eflcct can be r(*versed. In soyabean a part of 
the stem was vernalize<l and flowers soon deve- 
loped on that part but branches that originated 
from the treated part sh()w(;d no eflcct of vernal- 
ization. Another vernalized plant flowered soon 
when kept in long days but aft(*r some time the 
efleet \\\\^ lost and it ceased flowering. Then after 
a period had elapsed if started flowering again 
as it would normally do under the conditions. 
Vernalized winter wheat seedlings have been found 
to lose their property when subjected to X-rays. 
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i Continued from the loet tMUii) 

N. G. Cbatlrrjec 

Iniipvctor of Minos in India. Asansolt 

Miscellaneous Sources of Accidents 

Skvkhai. oa.ses on rocord slmw that in.stoad of using 
tli(* |)Ji.s.s-I)ye road at the bottom of a winding .shaft, 
persons att(‘mpt(‘d to cross th(^ cage spaces of the 
shaft and were crii.shed beneath the descending cjige. 
No ilonbt, these persons in ino.st cases stepped into 
the cage space from the side which was oppo.site to 
the side on wliicli tlie onsetter had been stjinding. I 
am of the opinion that a sort of movable fence in 
the form of chains hooked in the middle or in the 
form of I’igid bar (as fitted in many cages) across 
the side opposite to the onsetter would cause the 
persons to take automatically tlu' pass-bye road and 
would tiuis ettectually prevent them from approach- 
ing closer to the shaft b<dtoni from the oppo.site 
direction. Such fence, however, can be shifted 
easily for shunting tubs to and from the cage.s but 
not for persons to get on or oiV tlio cage on that side. 
All pers(ms .shoiild enter and leave the cages from 
the side on which the onsetter is statioiu'd. It 1ms 
been recommended that provision should be made for 
etmvonient protecteil roads round the edges of shaft 
bottoms instead of or in addition to the u.sual pass- 
byes. One of the main rea.sons why per.son.s attempt 
t<i cross the cage spac<^ appears to b<^ that in so dfnng 
they will unt have to travel the distance at which 
the bye-pass has been provided. If tin* pa.ss-bvc* 
be provided round the edge (»f tin* shaft as r<*eom- 
mended the workers cannot possibly liiid any objec- 
tion to use it regularly. 

Suffocation by Gases 

The danger of black <lamp filtering into the 
workings from sealed-off Hre-areas is not fully known 
to the subordinate supervising .sl;:iff and the workers. 
The want of this knowledge has led to accidents. It 
is very important that knowledge should be impart- 


ed by actual demon.stratioii or .some other suitable 
means, to minimize tin* risk arising from this source. 
In addition to a safety lamp, it Is advisable for the 
person examining tire-sto])pings, behind which there 
is a fii’e, to carry an electric torch and to be accom- 
panied l)y another person. 

Tt has been recommended tiuit before descending 
into a disused shaft, the simple precaution of lower- 
ing a light to test the condition of the air should 
be taken. Tt has been [)ointed out that acetylene 
Iamp.s, although very servieeablo in the detection 
of weaknes.s(*s in roofs and sid(*s by their powerful 
light, go on burning in an atmosphere which will 
not support life. 

Suffocation by Explosives 

A large number of persons are injur(‘d or killed 
every year by ('xplosives. Tt is th(‘n*fore es^(*ntial 
that the management should see that all possible 
precautions are taken to ])r(!vent <he danger. Many 
.shot-firers know very little of the regulations regard- 
ing explosives, sill hough as a matter of practice they 
may not be viohiting th; m to any serious" (‘xtent. Tn 
some collieries, nearly all (\ P. miners are issued 
authorizations as shot-firers. Where ' there are 
hundreds of such .authorized shot-firers, there is 
r(*asonable doubt if tin* ma lage uent devotes the 
nece.ssary time to ai'ciuaint thoroughly these persons 
with the regulations concerning their duties. This 
remis.sne.ss trans|)ires from time to time, especially 
after an accident. Only such number of competent 
shot-firers should be appointed as would be able to 
earry on blasting operation ellieiently in each mine ; 
only a few relieving hands, de|)ending on the .size of 
the mine, may be necessary. Tn the usual mitlioriza- 
tion letters it is written “...A copy of the regula- 
tions is lianded over to you for your information” ; 
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but SIS }i iiisittor of fii(*t, f(‘\v colliory ooiiii)siiiu‘s do 
sictusilly issiifi spsirc* (•o])ios to bo lisiudod ovoi* to tho 
suithorizod porsons at the tinio of tboir appoiiitnuMits. 
Tlio siiporvisinji; staff too do not jfouorally tako tko 
troubln of co|)yinjy out tho roj^ulatious for the bonotit 
of tlio porsons oiuployod. Now that al)stiaots of 
tho Act, Rojrulatious, suid Rulosf juid also Ryo-laws 
have boon tmnshit(*d into tin* voniaciilars, tlio 
iiiariatrors of various colliorios will bo w(‘ll ad\ isoil 
to proouro and distribute them to tin* juilhorizod 
porsons who should be asked to r(*oapitulato suid 
oxplsiin wbsit they luivo understood. An alh‘j;od 
apsithy on their part is very often put forward to 
nieet this su<mostion. Hut if the niaujijrer of a mine 
niakos it a point not to sippoint any ))ersnn to Imid 
SI res|)onsibl(< position until or unless he is tlioroiijih- 
Iv conversant with the rejrnljitions sind bye-laws 
relsitinj; to his duties, he will find thsit his stall* will 
t:d«e proper care to learn them by heart. 

The. principal causes winch lesid to this ehiss of 
accidents may be trsieed as follows ; - 

Stnakiihj ncur exphisi res \ If the sliot-lirer and 
his sissistsint who carries the* explosives do not keep 
in their po.ss(*ssion siiiy hiii or smokiny; apparsitus 
whil(‘ on duty, many accidtaits would l)(» avoided. 
Th(*y may b(' .supplied with in5iy:neti<*ally lock«‘d 
safety Isiinps, .some suitable typ(* of enclos' d lamps 
or jireferably, with elect rie torches for underixroiind 
u.se. When ready to set lire to the shots in a nou- 
^assy mine, the .shot-lirer can always borrow an open 
li^ht from a workman for the pur|)os(‘. It woidd 
tin'll be po.ssible to make it compulsory, that no 
penson whih* in tin* neijihbonrhood of a m.ij^aziin! 
or earryinji: a tin eontainini!: explosives or beiiijr 
actually in possession of explosives shall keep an 
open lyit, mati'h-box, or smokinjr apparatus of any 
d(*s<*riplioii with or near him. A seven' punish- 
ment for the breach of this order will be suirndent 
to enforce it effectively. 

A lar<;<* number of persons have lost their lives 
through the carele.ssne.ss ol tlu*ir fellow-workei*s wdio, 
perhaps unintentionally, thn‘W a burning; match-stick 
on exiilosives. A C. P. miner leaves his tin of exfdo- 
sives in any part of the gallery and sometimes hi.s 


fellow-worker fmni a neighbouring gallery comes for 
a friendly talk with him, pc'rhaps sits elos<* to tin* tin 
and enjoys his Itiri while engagi'd in conversation. 
Fii order to ensun; safety in such a easi*, suitabh* 
rece.sses may be cut in tin* pillars and the tins kept 
there during working hours, (aiiisters with hinged 
lids and locking arningements should be provided 
for carrying gunpowih'r to and from tin* mine. .V 
case is known when a shot-lirer negleeti'd tore-attaeh 
the lid of a tin of gunpowdi'r and inadvertently .set 
tire to the coiiti'iits with his own open light. 

Kirpimj or drijimj poinirr nvor open fire ; 'fliis 
has caii.sed accidental ignition of the powder result- 
ing in the loss of .some livi's. Tho.se collieries 
whh'h have provided suitabh* steam-drying rooms 
aci'cssible to authorized persons only while on duty 
in compliance with the recommendations of the 
Mini's Departnu'iit no longer apprehend any dangi'r 
from this sonrci'. It has been advised that when* 
gunpowder is stored or dried in an arlilleially heated 
building written ord(*rs should lx* issiu'd prohibiting 
the keejiing of any (*xpIosive oth(*r than gunpowder 
in the building. It h:is also Ix'cn reeoiimx'nded that 
the dw(*lllngs of mini'rs shouM lx* sciirehed from 
time to time to .sc'c if gunpowder has bei*n stored 
therein. 

I 'sc of iron rods in lou/pimi the ritnnfes : In 
.some iniiH's it has bc'cn found that though th<‘re an^ 
many .shot-firers there arc* but f(*w tamping nxls 
inad<* of copjx'r or bra-'S. If tin* managi'inent cheek 
the tools provid(*d with tin* number of persons using 
them, this defect may b(^ brought to light and 
remedied. In souu* collieries both the I'lids of crow- 
bars an* bevelh**! off s«» that the rounded c*nds may 
not be used for tamping the charges of .shot hole.s. 
This simph* dcvii'c may Ixi intnxluced in ail other 
collieries with ailvantage. 

Insufficient norninij ttefnre tdr/stiinf : A casual 
warning has faih'd in many ea'^es to attract tin* 
attention of the g(*neral body id’ worki'rs who imnl- 
Vi'rtently ent(*n*d the danger zone ami met with 
ac<*idenl.s. Warning of an unmistakabh* ehara(*ter 
should be given and the supervising .stall* should 
occasionally be .satislic*d thal such warning is actually 
being given by the shot-lirers. 
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The inan.’i^^rr >hoiiId provide a few bamboos, 
specially painted nnl, for the use of sliot-lircra. 
M’hen* tluTC are many roads leading to a place of 
blasting, the shot-firer shall fence oil’ all approaciies 
with those bamboos, leaving out one only for his 
own exit after setting (ire to the sliots. After the 
blasting, he must examine the idacc and satisfy 
himself that it is safe for ’’csumption of normal work 
and then proceed to remove the temporary fences 
described above. Thus, the danger of workers 
suddenly coming in the way of the blast(‘d prices of 
coal or entering into the gallery before the blasted 
roof and sides have been dressed down and made 
sale will be eliminated. 

Ff/acs of iNsufficiod loHjth : Some shot-firers 
are in the habit of attaching the same length of fuse 
to all shot-holes iiT(‘spective of the dishince they 
have to travel in order to reach a jilace of safety 
after setting fire to the shot-holes. This is due to 
their ignorance of tin* rate at which fire travels in 
a fuse. This knowledge can easily be impartetl by 
explanatirin and demonstration. 'Pho accidents to 
shot-firers dm* to their return to the gallery while 
the shot is still lianging fire may also be avoided if 
they clearly understand how slowly fire travels in a 
fuse and Inaice how long they ought to wait, if 
suitable fenc(*s are erected or the approaches to the 
])lac(? of misfire properly guarded, accidents <lue to 
ni<*n inadvcrtcMitly entering such place may be avoid- 
ed. The regulations insist on these precautions 
and acci<lents have o(».curr(‘d only wlien they were 
not observed. 

Firi}ttj too ninny shots nt a time : ^J'his practi(?e 
sometimes led to confusion as to the correct number 
of shots that have actually b(‘i*n fired. The persons 
in charge of blasting oi)erations thinking that all the 
shots ]i:id gone olP (*nter(*d tlie gallery and met with 
accidents by the unexi»cctcd explosion of (me of the 
shots that had hung fire. It ha.s therefore been n?- 
(*.oinmen(hsl that a large number of shots should not 
be fired at a time. When this is necessary, it is 
better to fire thi*m simultaneously by electrical 
nunins. 

Tilown-out' shots arc known to have caused (!oal- 


dii.st and fire-damp explosions with a large number of 
fatalities. Tn order to minimize such cases, the shot- 
holes should be properly placed, drilled to the pro- 
per depths, and charged properly with the requisite 
amount of explosive. 

Attempt to remove the detomilors and fuses, by 
scrapping out the tamping from misfired shot-holes, 
has caused many accidents ; perhaps this is the 
chief source of accidents by explosives. Through 
sheer ignorance of the danger attempts appear to 
be made to withdraw a misfir(»d charge or to redrill 
into a misfinjd hole containing the charge. In many 
mines the miners drill the holes and are cleared out 
of the place when the shot-firer blasts the holes. 
Thc*y return to see the elVect of the blasting but are 
generally ignorant of the substances that bring 
about the effect. Tims they gradually become curi- 
ous and tamper with the charges wlienevor they find 
an opportunity of doing so. Tf the miners are given 
deinonstrations, in batches, of the use and misuse 
of explosives and of the danger involved, siindy 
they will not lay tlieir bands on missed li(>l(^s as they 
now uulu'sitatingly do without any knowledge about 
it. Many persons who were injured by explosives 
have admitted that their ignorance of the substance 
and their curiosity were responsible for the acickhiiit 
and that if they had known tin* substances to be 
dangerous they would never have tampennl with 
them. 

Again, having had kirnwhulge, of the explosive 
substaiiees, the miners would readily be able to dct(‘ct 
misfired holes or charges near their working places 
which by chance remained undetected by the sliot- 
firer. Tlius, they would avoid drilling into such 
holes but report the fact to the supervising staff 
inste.ad. 

Tn the process of (ihai*giiig a shot-liole with loose 
gunpowder, tlio spilling of some powder on an ()i)en 
light which had been held near the hole caused an 
ignition of the powder. It has therefore been recom- 
mended that an open lamp should be kept at l(*ast 
lb f(*et away from the hole that is being charged. If 
the shot-firer is provided with an electric torch, he 
will have no more need of an open lamp and will 
be able to charge the hole more efficiently and with 
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ix?rfcct ssifcity. If gunpowder be used in cartridge 
form, there will be no risk of spilling of powder in 
the process of charging. Moreover, the cartridges 
will help the powder to keep dry. 

Irruption of water 

In his paper on “Accidents iib Indian Mirms and 
Mining Legislation” Mr Simpson has remarked that 
the chief source of this class of accidents is heavy 
rainfall causing the flooding of streams and rivers 
and the bursting of embankments. When this takes 
place, the entrances of mines may be snbmerg(*d or 
the weight of flood wat(*r may break down the 
surface overlying the mine workings. In cither 
case the workings are speedily imindatcd, sometimes 
with loss of life. He h:is made the following pre- 
ventive recommendations : — 

(rf) Refraining from the extension of workings 

under areas where the cover is weak and insuflicient. 

(//) Siting mine entrances on high ground al>ove 
flood level. 

(///) Providing artificial protection such as walls 
or embankments of sufticieiit strength, 

(?r) Interfering as little as possible with natural 
surface drainage, and where it is necessary to do so, 
providing culverts of ample dimensions. 

(?•) Withdrawal of workpeople at the time of 
abnormal rainfall from workings where there is any 
possibility of inundation. 

Po.sitions of all .streams, Morcs\ large tanks, etc., 
should be most aceurately surveyed and marked on 
th(^ mine plans a.s required by the regulations. While 
work! tig below a waterlogged seam all connecting 
places between the two workings shonhl he earefnily 
examined and the pressure of water noted at regnhir 
intervals. Depillaring in proximity to waterlogged 
areas, streams, etc., is to be avoided. “As it is im- 
portant to avoid fracture of the strata and siibsi- 
dcrie^! of the surface, the pillars arc to bo extracted 
on a system by which the excavations are filled by 
hydraulic packing.” 

For mines which arc liable to inundation owing 
to the entrances being below the flood level, the 


Miiie.s Department recommend that there be no 
night-shift work during the monsoon. “danger 
pillar” should b(i fixed with a red mark, which must 
be at Ioa.st 8' below the highest fhiod iovt*l of tlu; 
river, flore, etc., and all persons should withdrawn 
from the mine when the water rejiches the mark. 

The compulsory minimum barrier to be left 
against a neighbouring mine would go a long way 
towards prevention of irruption of water from that 
mine. 

Sometimes th(‘ water-dams ar(‘ subjected to more 
pn‘s.siire than they W'orc originally meant to with- 
stand ; the result is a sudden bursting and the con- 
scipicnt danger from flooding. All water-dams 
should dc regularly cxaininod and reinforced and 
details of plans and sections of dams showing the 
diiiKaisions and tiie depth to w'liich the dams arc cut 
into the roof, floor and sid<*s should be shown on 
the mine plans. The materials used in tin* constrne- 
tioii of (lie dams slionid also !)(' stat(‘d. It has 
further been reeonnneiuled that where a h>wc*r seam 
has been abandoned and tlicac is a possiliility of 
that .seam boeoming filled with water a well designed 
and projierly constructed dam should Ix! built in ihc! 
shaft capable of sustaining iho. ma.ximnin head to 
whu'h the water c.in attain. 

“Avoidance of accidents dne to nniiilentiunal connec- 
tion with the Workings of wateiloggerl mines calls for 
strict accuracy in surveying and the e.'ircfid ohservance 
of the rules laid <lo\vii for procedure when workings arc 
approaching old waterlogged workings”. (R. R. Simpson.) 

Haulage 

A largo number of liaiilago accidents occur to 
persons lying down on or n(*ar the lianlago n»ads. It 
is .seen daily in many mines that the supervising stall* 
generally overlook this dangerous [iractice. If they 
seriously think of stopping it there eaimot be much 
ditViimlty in the. way. 

The majority of iierson.s injured or killed on tin* 
haulage roads an* persons who are not em])loyed in 
hniilago operations. Wliy ihoii are they found on 
or near the liaidage roads ? It appears tliat in many 
mines the tubs arc lo>verod down the pits when the 
miners go down. The miners dc) not also proceed 
to their working places until they can make .sure 
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that tlicy an* to tubs lor loading. Tims, 

thon* is always a crowd at tlu* bottom of tlio 

windiii^^ pits att(‘M(I(‘d with tho risk of soim‘body 
b(‘iii'; run over by th<* inoviiij; tubs. Tim minors 
cannot be persuaded <*asily to stay at a safe distance 
from the pit bottom for the simple reason that they 
are under the notiem that unless they rush for a tub 
imimsliately on its arrival at the pit bottom eithcT 
th(*y may have to wait indelinitely or th(‘y may not 
jjret any tub at all. Jf (he (iibs are allotted systein- 
alieally and justly, there will be no oeeasion for eoii- 
•{estion at the pit bottom. WIkto the trammers 
supply (‘inpties to the miners, the latt(‘r would n(»t 
hesitate t«) y:o straight to tin* workinj; places for 
th(‘ir allotted tubs there. If this system is introduc- 
ed it will not only ensiin* safety but at the same 
time eneonrage niim*rs to turn up os early as 
possible. In ord<‘r to facilitate the distribution, the 
tu])s should be numb(‘red. Another advantat^e in 
numberinj^ the tubs is the assurance that a thoronjifh 
examination of tubs nnd<‘r Hye-law til will be made, 
as the examiner must r(‘p(n‘t the state of each tub, 
mentioninjr its serial numb(T. 

By providinj^ a sid(* gallery in the immediate 
vicinity of the pit bottom the miners may be indiKmd 
to halt there. I would also like to draw the atten- 
tion (»f the manajrmnent to the circular of the late 
Chid Inspector of Mines wherein he advised white- 
washi nj; a 2-leet wid(^ space on the roof and the 
si(h‘s of the landing, at a distance of 20 fed from 
the main line enjssinjj: so as to demarcate the safe 
hairing ])laees for miners and loaders. 

It has been siijr^ested that (he practice of run- 
riding by haiila^jje hands on trains while proceeding; 
at a spee4l higher than three miles |)er hour should 
be prohibited. Hiding; on tubs in motion is a 
dan^(‘rous practice. Jf (he manaj;er (inds it ne<M*s- 
sary, he should ap|)oint in writing; such persons iinly 
as he i'onsiders thoroughly competent for the piir- 
pos<* ; such an appointment should how(?ver be 
ri'sorted to on as few ot'casions as possible. The 
anthori/(‘d person should carry a special token, 
issiu'd by the manaejcT, for identification. 


Tlie practice of the trammers guiding a train of 
tubs round sharp curves by suspending tlicmselves 
on the sides of tubs should be stopped and where 
necessary, guid<* rails should be provided instead. 

When miners hand-shunt tubs on tram-lines, 
fliey seldom give warning to anybody. The danger 
arising fn)m this neglect, especially while they turn 
round curves, should be pointed out to tluan. They 
should also b(‘ advi^ied tc) hang their lamps at the 
corner of tin* tubs in such a manner that people 
on the opposite side may readily notice the 
a[)p?'oae}iing tubs. On endless haulag<t roads 
it is dillicult for persons walking along th(‘m 
to ascertain whc‘tlmr a train of tubs is approach- 
ing from the o|)posite diretUion. In some 
niimss a hanlagt* hand walks with the train with a 
light as a precaution. But there are others where 
this precaution is not taken. It is desirable that in 
such mines at least a suitable type of lam[) (one on 
each train) slundd be allixed to the front. The 
lamps will go forwards and backw.u’ds and hence 
can be used over and over again. 

M ritten ord(?rs should be issued to all trammers 
and shunters of tubs to the etiect that th(‘y must 
maintain a clear space of at least lo feet betwi'cn (wo 
moving tubs. Also, they must stop furth(*r shunting 
of a tid> if any person is found walking on or along 
the tram-liiKi within 15 feet of tin? tub. 

1'h(*re were se*v(‘ral accidents in the past by 
runaway tubs (Iin? to draw-bars breaking, or tubs 
b<‘coniiiig uncoupled by a jerk. The examination 
of draw-bars, coupling Inmks, etc., has therefore been 
made compulsory and it is hoped that this class of 
accident will be brought down to a minimum. It 
has been suggest(*d that draw-bars made of wrought 
iron of high cpiality should be used. In ord(T to 
ensure operation in time of need, only a suitable 
type 4)f drag should be used. By judicious fixing of 
blocks on the haulage roads, runaway tubs may be 
arn*sted and thus many lives saved. 

On steep ineliiH's, the use of a ram\s horn type of 
eouiiling hook, snap hook or specially constructed 
I) link type of attachment for tubs and also, inter- 
locked stopbhx’k of runaway switches lias been 
recommended by the Mines Department. More care 
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sliould be tsiken in st>ino eoIli<.*ri(*s in select iiijj; the 
type of eoupliiij^ in jittneliinjr the snine to the 
liiiiilii^e rope nnd sdso, in fixing the baek-stnys 
beliind the loadi^d sets. , 

The practice to leave tubs s(andin;r on slopes 
with pieces of coal placed nndcrnealh lh(‘ whc(‘ls 
shonld be strictly forbiddi'ii ami a snllicient number 
of spra^^s (d‘ a suitable type should be kept in 
readiness for use on all hanlajije roads. 

Owing to the faidly alignment of the hanlage 
roads and th(‘ curve jinllcys, the rop(‘s sometimes 
slip oir violently and may hit anybody who is in the 
vicinity. This d(‘f(‘(‘live alignment can easily lx* 
detected and set right. Hy providing eiirvt* [inlleys 
with sidlicicntly wide llanges, the risk of rope slip- 
l)ing is minimi/ed. 

Cleaning and oiling of friction rollers shonld be 
prohibit(‘d w’hilc the rope is in motion. The practice 
of bringing the roiu* back to the friction rolha's or 
curve pulleys by hand should be stoi)ped and a 
suitable type of ho<d^ providcsl for tin* iiiirpose. 

Another dangerous pra(*tice of the hookmen is 
the way they uncouple the haulage rope from the 
train immediately (m arrival <d' tin? latter on top 
landing and before the train stops. They shonld 
citlu'r be ordered to wait till the train stops or some 
suitable type of hortk given to them for uncoupling 
the train from a safe distanc(^ 

For rerailing tubs, sn it able |>oles should lx* provid- 
ed and their use enfor(‘cd. The haulage-hands are in 
the habit of using no jxilc at all or any timlx*r they 
come across near the phua* of a derailment and thus 
sometimes endanger themselves by using too short 
a pole. 

For want of a sufticient number of friction rollers 
or by prolonged use, the haulage ropes in some 
mines >vear out considerably but are ixjt replaced 
until they arc knotted in sev(*ral places. Hy using 
such ropes the management simply inviU? trouble 
and accidents. 

It is very desirable, that underground landings 
shonld be strongly illuminated. I'his is done in 
collieries equipped with electricity but not in others. 


The u.se of a few strong lights (petromax, etc.) in the 
lattiT mines WMxihl enhance safety to a considerable 
extent. Where strong lights an* provided, acuddents 
due to one haml-shunl(‘r^s tub ov<'rtaking another 
s<*ldoni (x’cur. 

W' herever possible separate trav(‘lling roads for 
workers shonld be provided and th(‘ir use eidbrced. 

Underground Machinery 

The majority of these aceid<‘nts are due to ]x*r- 
sons falling upon the bars and chains of coal-cutt»*rs 
whih* in motion. 'Phis class of :ic(‘i(lent may increase 
with the inen*as(*d use of coal-cutting machine un- 
less due precautions an* tak(‘ii. 

Tlx* practice of holding the anclnir stay till tlx* 
strain is on should lx* discouraged and a sunici(*ntly 
deep hole slx>uld lx* cut into the roof for the purpose. 
Tt has olten be(*n recommeixicd th.it persons work- 
ing coal-cutters shouhl not stand near the cutting 
bars or (‘hains wl.(‘n they an* in motion. 

ft shonld be made compulsory for all p(?rsons 
handling any machinery in or alxuit the mine to 
wear tight and not loose (‘lothing. This is enforced 
in some mines and shoidd lx* universally introdimcd. 
Some min(*-owners will probably hav(‘ to provide a 
few overalls ; but they will ix»t mind the little addi- 
tional expenditnn* in (‘(»nsidcration of the extra 
amount (d’ safety thereby (*nsnn‘d. 

Some aciadents have occurred to pump atbm- 
dants, haulag(* (*ngin(* drivers, (‘te., who, while stand- 
ing or working ix'ar the plants, aeeidf*ntly f(*ll on 
the moving parts and were injured. Jf the fenc(*s 
round the moving parts are. er(*et(‘d in a substantial 
manner and not in a p(*rfunctory way, as is noticed 
in some eases, thes(* accidents wall not occur. 

In SOUK* cas(*sthc atl(‘n(lants of engines, etc., W'(*r(* 
found b) be working insiih* the fauces which wa*ro 
snppjiseil to protect them. 

Strict orders slxndd be issiu‘<l to all concerned 
that before proceeding to examine any |)art of a 
W'orking machinery, they shoidd stop the same. 

Sundries underground 

Some of tlx* priix'ipal causes of this type of 
accident are : — 

(/) Slipjiery travelling roads. 
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(iV) Impropor soUiiiji of propn a« inny cause ii 
prop to fall on a p<;rson. 

Soinctiin(*s the rolling pieces of stone from a 
goaf-odge <*anse one or two props to Ixi knocked out 
from the liist row s(‘t against the goaf. When these 
props are free to move, they fall on tlie work(‘ra, 
killing IIkmii <>ften instantaneously. In order to guard 
against this danger, I have always suggested that the 
1st row of props should lx; tied t«>gether by a length 
of wire passing round each (»f them. 

(fii) Neglect to set a ladder tirmly on the ground 
before using the same for dressing the roof or sides. 
Thus, if they somehow loose balance*, the dressers 
fall down and sustain serious injuries. If the subor- 
dinate supervising staff are instructed to k(*ep an (jye 
on this matter, tiu* ladders will not be set in a care- 
less manner. These supervisors slioiild also sc*e that 
befon* a miner |)roceeds to work on the side of a 
fairly high gallery, he must arrange for a suitable 
platform, 

(/r) Some carriers carry loads too heavy for 
them with the result that their loads sometimes fall 
on themselves inflicting injuries. If the supervising 
staff take these p(‘rsons severely to task wluMievcr 
they notice this practice in any part of the workings, 
it will soon come to an end. 

(r) In removing tlu; overburden from the edge 
(►f a quarry, the workers may avoid the risk of 
slipping or overbalancing if they maintiiin a ledge, 
say, feet wide along tlu* edge; of the cutting. The 
height of this ledge may be maintained, say, 3i feet 
/. e., as the bench is the lowered, tlu* l(‘dge will 
also be cut down maintaining only .*11 feet 
height all the lime. The use of safety ropes should 
be made compulsory for persons working on the 
slope of a quarry. 

(r/) Travelling in the mine without a light. 
This is done by miners for economizing oil consump- 
tion. If the miner is (iuestione<l why he does so, 
his reply invariably is that the oil supplied is not 
siifllciont for the work. 1'he management will of 
course say that the miner wants to save the oil for 
burning in his own qu.arter.s. W'hatover may be the 


case the supervising staff should not permit anybody 
to wmrk or travel in the mine without a light. 

(r//) Even for light jobs on the siirfaee in some 
departments, the applicant is medically examined as 
to his fitness, but it is n'grettable that in a strenuous 
work like mining no such e.xamination is made. Any 
new ro(*riiit may be omi)loyed too readily. The 
result is that sometimes persons subject to epileptic 
fits or other diseases get jobs and may later on bring 
about an accident not only to themselves but to 
othei's as well. It is advisable therefore that all 
new hands should bo thoroughly examined by the 
colliery doctor who should report about their physi- 
cal fitness to the manager. 

By Surface Machinery 

Many accidents of this description were due to 
persons w(‘ariiig loose clothing while attending the 
machinery. As .already suggested, the use of over- 
alls by persons attending any machinery should be 
made compulsory. All moving parts, including the 
shaft of a machinery, slionld be guarded. 

In the year 11127 two persons look shelter inside 
the drums of haulage and winding engines ; they 
lost their lives when the engines w<*re started. “If 
convenient shelter had been provided the accidents 
would not have occurred.’^ 

Wherever iiossible, the oilif)g (>f moving parts 
should bo done when tlu* machine is standing idle. 
If it works eonlimioiisly, arrangements which w^oidd 
enable oiling to be done from ontsid<* the fence (smili 
ns by means of a funnel and ;i long pipe) should be 
provided. 

It has alre.'idy been suggested that the fencing 
of surface machinery should be such as not ordy to 
guard against normal risks but also, as far as 
possible, against carelessness, ignorance, and dis- 
olxidience of workmen. 

By Surface Railways and Tramways 

'riie practice of trammers, loaders, etc., of ])assing 
between two moving or one stationary and another 
moving tubs has led to many aeeklents. Tlio next 
important cause is niiaiithorized riding on moving 
tubs. These practices can be completely stopped 
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if tho supervising stall’ take strnnt; aetioii and not 
a light view of it, when they eonu; across any 
offender. 

Tn hnnd-shiinting tubs on sloping lines cave 
should 1)0 taken to see that the tubs an* inov(‘d at 
suitid)le intervals so tliat one shunter may not be 
overtaken by the tub following.. Loose shunting of 
wagons on railway lines should be discouraged, and 
in liand-shunting the wagons under the sui)ervisi<»n 
of a responsible male [)erson, n liberal use of tlie 
brake should be made either by lnms(*If m* by a 
competent person deputed by him. J^ishing should 
only be done from behind and only one wagon at a 
time should be moved. 

By Electricity 

It is satisfaetory to note that the number of cases 
are few, allhougli the us<* of electricity iit mining 
is increasing year aft(‘r year. 

A few ac-cidents occurred on account of damaged 
trailing cables not being repaired properly and vul- 
canized. Fre(|uent testing of (he insula! ion of (*ables 
is necessary. Faulty earlhing of clectrii* apparatus, 
if left undetected, may lead to accidenis. 

Men climbed tow('rs carrying high-volt trans- 
mission line with (he objert of getting bird’s nests 
and coming into contact with the live coiidu<‘tors 
they were killed inslaiitly. Substantial barbed 
wire fences round the tower-base might put a stop 
to this practice. It would be advisable to switch 
off the current and destroy tin* nest when found 
on the towers. 

It has been pointed out (hat with imperfect 
contact between current-carrying parts an explo- 
sion in the oil switch can occur (‘ven if tlie switch 
contacts are imim*rsc<l in oil, and lurther that 
an oil switch, the ])ower of whh'h to withstand 
successfully an internal ex[)losion has not I>eeu 
tested, is a ])otential danger in any place where 
tliero is a risk of the presence of iiitlammable gas. 
Also that ill the design of ilamc-proof aiiparatiis, 
large openings in the casings, (*ven wIkmi they arc 
covered by reinforced plate glass, should be avoided. 


It lias fiii’ther been pointed out (hat a shock from 
a circuit at 100 volts only has been known to eaiisc 
death. ’J'he circuinstunees favourable* to a fatal 
shock at a low pressure* \voiild se<‘m to iiieinde 
the following : — 

{(i) a moist state of skin, 

(if) a large ar(?a ejf eontae t, 
ami (c) a considerable length of time during whieh 
the person remains in contact. 

All these* conditions cjin be obtaine'el in mines 
wh<*rc persons wearing the* miniminn of clothing 
work in a iimist atinosphcni in isohitenl situatiems. 

Subsidence Of Surface 

This is principully caused by the extraction of 
pilhirs fremi shalhiw d(*])tlis. If the area which is 
going to eM>ll:ii)s<‘ :is .‘i r<*Milt of the (‘xtraction of 
])illars is kept 1‘cm‘ed and all buildings vjicatod and 
dcmolislusl beforehand, no loss of life* is likely to 
occur hoin such siibsid(‘ncc. Hut, scmi(‘limcs when 
this pr(*caution is not taken belon* (*ominen(‘ing the 
ox(ra<*(ions, tho salcly of pe^rsons may Ix^ threatened. 

Then again, the excessive widtli of gidleries or 
pillar r *l)bing may cause a sudden collapse aud 
thus lead to accidents. S(mi<*tim(*s the |)illars iu old 
workings cru<h down or w(*atln‘r to such ati cxtfjut 
that the surface buildings, etc., are (‘udaugcnsl. 
The regular insp(*eliou (*f old workings has therefon* 
been recommended aud is being carried out ala 
Miiml)(*r of mines at present. 

Boiler Tanks 

Many children have lost their lives as a result 
of drowning in boiler feedtanks. If the tanks are 
kept substantially IVuccd, by walls not less than 
To" liigh, or by soimj other means, this class of 
accident will be sto|)pcd altogcth(‘r. The a(*eumu- 
latioii of ashes near tin; walling of sueh tanks re- 
duces tho effective height of (Ik? walls and should 
not therefore be allowed. 

General Remarks 

It has alntady been poiu((*d out tliat a long 
period of work iu nispoiisibh^ duty may lead to 
forgetfulness, 'fhe mauagemciit .should therefore 
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soo tlisit no inonibor of tho snporvising staff* is mado 
to work for a lon^ period unless tliero is speeial 
reason justifying!; such eiiiiiloyment. 

It is an ai knowledj^ed fact lliat with tlie eduea- 
tirm of the iiiiiiers the fjjeneral state of tliin^^s would 
improve con^idtMably. The labourers in rndinn 
coal mines are, jrenerally sp<‘akiny:, illiterate and 
h*ss inlellijrent than their fellow workers abroad. 
15ut the colliery-owners and managers in (liis 
country have <r<)t no alternative but to employ su<‘li 
type of labourers in tlieir mines, ruder these 
circumstances endeavours should be made to make 
them more useful by education. Is it not prefer- 
a])le to spend a small nmount ea«‘h year towards the 
intellectual development of the labour force ? 

In his annual report for the y(‘ar the 

Chief Inspector of Mines in India wroti*,' “In otljer 
countries the work of Safety First ()r<^aid/ations 
has enabled certain mining companies to obtain 
(MUisiderable reductions in tluj rates of insurance 
ajjainst aecideids. I'hc smaller numlxu* of claims 
for compensation on account of fewer cases of 
accidents would justify such (‘X|)euditure even in 
tliese hard times.’’ According to the Chief Inspector 
of Mines in India, most of tim labourers in Indian 
mines an* illiterati? and ignorant men to wliom ideas 
of discipline are somethin^!; new and diHicult to com- 
prehend. They arc, liowcver, amenable to discipline, 
and it is one of the most important duties of a 
manager t«) train the laboun*rs in “safety first” 
priiH'iples, both by piTsonal example and through 
subordinat(*s. 

Much could b(^ done in tlu* way of edneation of 
the labourers by the formatiim of a cimmiittct* 
which could be provitled with a motor-car equippecl 
with aiiparatus and moving: pictures for demonstra- 
tion |)urposes. The committee i*ould divide* the coal 
fi(*l(ls into suitable j^roups and arraiijje ))eriodical 
visits. The pictures should demonstrate to the 
workers tlu* rijjjht way of performinjj various mining!: 
operations as also the conse.cpK'nces of wTon^j 
methods, the various “safety first” methods, sanitation, 
etc., photos taken after accidents may be demons- 
trated. “Safety first” ixjstcrs may aI.so be exhibit- 


ed in varion.s conspicnons places in or about the 
niiiie.s. 

1’he next move may be tho opening of s(*hools for 
the children of minors in various centres. The em- 
ployment of childnm in miiuis is now prohibited 
but it is a pity that these children arc left 
loitering about and very few facilities have so far 
been given to them for tho improvement of th(*ir 
mental faimities. 

Owing to the heartless treatment of some of the 
colliery doctors in the past many miners are pr<*iu- 
diced against them. Thus, even simple cases of 
injuri(*s are known to have turned fatal for want of 
timely or jiroper medical treatment. A sympathetic 
attitude on the part of tho doctors would remove 
regrettable state of things. 

It has bc(‘u suggested by the Chief Inspector of 
Mines in India that it would in the long run pay 
colli(‘ry-owners to provide their workmen with 
boots. 

It has lx‘(*n found in the past that a laboiirc*!' or 
even a person holding a position of trust in a mine 
after committing an ollence under the Indian Miiu*s 
Act which leads to an accident absconds from the 
mine and tinds ready (*mploynient in a neighbouring 
one. Here too lu* may commit a similar olVenci* 
costing the lives of smne work-[U‘rsons. The n*- 
cords niaintaiu(*d liy many colli(‘ri(*s arc found to be 
insufficient for tlu* tracing of on*(*mlers and for prov- 
ing thc*ir identilication. To secure tlu*se obj(*cts all 
particulars of each prison (‘inploycd in or about a 
mine should be obtaim'd from as many sources as 
are available and a full history. t<»g(*th(*r with his 
thumb inijiressiou and a c(‘rlilical(* of fitness recorded 
in a register specially k<‘pt for the purpose ; if |)os- 
sible, a photo also slum Id lx* k(*pt. 

It is ph‘asing to note that the remarks embodied 
in these pages are not applicable to all mines, other- 
wise then* would have been many more accidents 
and loss of lives. 

It will ap|)(*ar from the for(*going notes that 
although the colliery managers and their staff* are 
doing their best to pr(*v(*nt accidents, there are 
many other means which may be eff'ectively adopted 
for Uie furtherance of this object. 
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Allliony;!! tho siijryrc.slicms an* llic (iiitcniin* nf a 
rIo.s(! personal tniieli with Indian laluHirers, 1 do not. 
expect tliat ev(!ryon<' of them wonM find I'avonr with 
the inanaj^(Tr^. Xo donht “aeeiilents are aeoident.-»’’ 


as many peoph* woidd say ; hut llirre are several 
thinjis which could lx* done to minimi/e if not to 
.stop tliem. ^riicrolore, if the a<‘ccptan(‘c of any of 
tlie.se siijjfjrcstioi.is savrs even a .simple life, I will 
consider my labour well n'paiil.^ 


TABI.E No. II 

Showing classification of the causes of the accidents which occurred 
during the period 1925 29. 


Misadvoiituie 

I'aiill of 1 

baiilt of b'ellow 

I'aiill of Siib»*nlinale i 

I.'llllt of 

I'.nillv 

I )«'<’eas(M!. j 

Woikiin-n 

( )llii:ial>. 

M.iiia^etinnt. j 

.Material. 

1 



1025 

1 1 23 

61.00 

1 

39 

19 50 ; 

8 

4 00 

15 

7.50 

: If) 

7.50 

1 

0.50 

1926 

U4 

57 58 i 

11 

20.70 

13 

6.51 

16 

8.06 

12 

6.(16 

- 

i.OI 

1927 

131 

62,68 ! 

45 

1 

21 53 ' 

7 

3.35 

M 

6.70 

12 

5.74 

' 

... 

1928 

j 147 

66 52 

1 

:(8 ! 

17.65) 

9 

4.07 

, 

5.43 

13 

5 88 

1 

1 

0 45 

1929 

1 146 

68.87 ! 

43 

20.28 

8 

3.77 

5 

2.36 

9 

4.25 

I 

0.4 7 


• Trom a paper re.ul before Ihe National Assocuitiun of Colliery Manaijcis, Iinlia, daUtl Maieli 12, I'lir. 
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The Aetiology of Epidemic Dropsy 
(Beri-Beri) 

|{. K. r.al 


OIFk. Dim-tor. All India Institute of Hygiene anil Public Health. Calcutta. 

'riini (;ii litllf. known onlsidt* its (‘ndcinic liorno, 
rpidciuii* tlropsy is a inaj<»r pnlilic-lioaltli prohlt'in in 
(lir cjistcm provinces ol‘ India. In IltMiiral the dis- 
c.isf is widely distriliutt'd. Ilnsfiiial records alone 
>liow tliat dnrinjLr tlic last J I years 11)25-1 ll.‘k’)) the 
di>eas(‘ (I)eri-I)eri - popular name for epidemic 
diopsy) was prevalent in all the districts of Bengal. 
'The .annual ineidemas ae<'ordin«' to these records, 
amoiiixst (he hospital paticMits av(n*ajj[ed 7,1!)1) during 
til is period. 

Kpidemie dropsy lirst attr.aeted attention more 
than 70 y(‘ars ay;o. Since then (piite a volume of 
literature li.as aeeumulatad on the subject, a survey 
of which briny:s out three important theori(*s with 
rey:ard to its aetiohijry, from amonjrst a, multitude of 
theories. Ka<*h of these theories claims a larj^e 
numl.)(‘r of .ardent adlHU’ents. I'lu'se are : 

(1) ‘I)iseas('d’ rice theory. 

(2) (’onta^rion thecuT. 

(!)) Mu-^l.ard-oil theoi’y. 

The hi") (wo theories are vajfiie and ill defined, 
Imt the lir.^t theory has beiai elaborately worked out 
and at present claims ollieial a<*ceptane(*. However, 
nom* ol thes(« theories all’ord satisfaetory c'xplanation 
ol all the observed f.aets. Kield i n vest iji;, at ions were, 
th<‘refore, iindertakiMi in seven dilleiaait localities re- 
liresentinjr rural, semi-rural, urban, and industrial 
areas, and information was obtained in respect of 
!)til patients, 2r)Sl healthy iiersons, 1510 atlected and 
o!)0 iinaHecteil families. In addition certain relevant 
data were collected from 1727 unafleet(*d f.amilies 
liavino; HUTS members. (Vitieal analysis of these 
data failed to support either the ‘dise.ased’ rice 
theory or the contagion theory and uuave stroni^ly 
sujxjrestive evidence in favour of the hypothesis that 


certain eonsijrnments of must-jird oil contained a 
deleterious siibstaiiee, the nature and orijjjin of which 
were unknown, and that the ingestion of .such oil 
was responsible for tlu* disease. Experiments were 
carried out to test the validity of this hypoth(‘sis as 
well as of the other two theories. Sim*(‘ animal 
experiments have failed to yield definite resulfs, it 
was decided to carry out human experiments under 
strictly controlled conditions. 

The contajicion theory was tested in a small semi- 
isolated (Munmunity. The bt‘ds of sick ])(‘rsons were 
arraiijjed in b(‘tw(‘en those (»f healthy persons. The 
two jxroiips mess(‘d s(*parately. I'he h(‘althy pi'rsons 
wen; carefully watcluid for a lonji: period to discover 
if any of them dev(‘loped symptoms resembling!; 
epiilcmic dropsy. The results were entirely 
nejj.ative. 

Feeding); experiments on human volunteers livinj; 
in an institution under strictly controlleil condition 
Avere also carried out. Altogether three experiments 
Avere performed in (*ach of Avhich 12 volunteers 
Avere employed. In the first two (‘xperimonts, the 
AMilunteers were divided into four (Mpial jjjroups 
.as giA’cii beloAV : 

(iroiip 1 received ‘diseased’ rice and suspected’ 
(on (>|)idemiolo^ical grounds) mustard oil. 

drou]) II Avas fed on ‘diseased’ rice and jsdl- 
produced mustard oil. 

Group Ilf was j^iven ‘healthy’ rice and the 
suspected’ mustard oil. 

Group IV AA^as jmt on ‘healthy’ rice and jail- 
produced mustard oil. 

Except witii re^jjard to the dilViTcnces, the food 
niN^cii to all the j^roups was exactly the same, and 
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ro.sr'inblod in c|njtii<i<y niid quality tlio usual IJciijralrr 
food. 

rosnlts of tli(* first two oxporinuMits w«ti* 
iiiconclusivo. In tlio s(M*ond oxiKM'iinrnt in whirji 
‘suspoo.tod^ nil from diiloront somvos was jrivi'ii two, 
possibly throc» casos of (>pidomi(‘ drop'^y df'vrli>p«Ml, 
amoiij^st tli(* ‘snspoctod’ ciil ^rojip. Jbit (In* rol<‘ of 
‘disrasod' rico as an associalod fartor could ncl Ik* 
cxcliid<‘d. In llu* thini cxpcriiiK'iit in wlii<*li diseased 
rice was entir(*ly eliminates! all the six persons taking 
‘suspected’ mustard oil develo]K'd sijrnsand symptoms 
id(‘ntieal with epidenne dropsy, while the other six 
wdio us(‘d the jail-produe(‘d oil remained hale 
and hearty. 

The con<‘lusioii di'awn from the field studies and 


the e.\p(*riments de'seribed above is tliat (‘pieh'inic 
eiropsy is caused by (In* ingestion nf a poisonous 
siilistance or siibstanees ennve’vetl ihroiieh tlai 
atreni'y of mustard oil. '|’ln‘ nalme and origin of 
these substances is not yet kiu>wn, leir is it known 
whether the teuMii V'pulemie dropsy’ eomiotes a 
siii^h* patholojiiical entity or covers a number of 
<lilVerent a etiological conditions elo‘(‘ly re^eniblinu: 
(*ach oth<‘r in their clini(‘a) inanilestalions. 

While* for tin* apjilical ions uf elleelivc control 
measun*s it is necessary to clear up these* points, 
iniieh can be a<*hiev(‘d on the basis of the* results 
pr<‘s<‘nted here, in the w'ay of pn‘V<‘nlion of the* 
spr(*ad of tin* disease and of tin* d<*V(*lopnn'nt of 
serious .symptoms. 

further invest ieijatiems an* in proen'ss. 


The Yellow Fever Menace 


III the May issue of tin* ffota nal of lltc ItHlitnt 
Metliml has be(‘n published an iiiterest- 

iiijr article* em tin; e*ontre»l of ste*j;omyia nnesepiiten's 
in ( ^de-utta with spee'ial re*fereiie*e* to yellow f(*ver 
and ele*njrue. “It is a(lmitte*d by all that the virus 
e>f yellow^ lever in absent is liielia at pre*s(*nt, but the 
conditions eif its spre*ad, if introduee*el, are* favciir- 
able* in the highest de*<rre*e.” Ae*re»planes are in this 
r(?.spe*et a irreat menace, and “it would appear tei be 
a matter of (*omme)u i)rude*ne*e* te) forbiel the 11^11 
of ae‘roplanes fre)m We*st ;\frie*a to any plae*e.* whe*re 
yellow fc'ver is e*apable^ of be*eomiuj; establislu*el. 
In view of the jjravity eif the situation, it would be 
still l)ett(*r te) prohibit the entry of aere)])lanes te) all 
areas which are suspe*cte*d of bein^ foe^i of yelle)w 


ie»ve*r. The sliu:ht inl(‘rfe*n*ne(‘ with trinb* or travel 
is of small e'ons(*ijin*nee when (‘onipare'el to tin* elan^e*r 
e)f spreadinji the elisease.” The (lovernnn*nt of 
India have tln*re*fore* n'ce'utly made C(*rt.ain n'l^ula- 
tions under the K])i(h*mie Disease's Ae*t of 1 S‘I 7 
pre)hibitin‘if e*ntrane*e* into Inelia, ed' |)er<ons, within 
nine* days of the*ir bein^ in an area in whie'h y(*llow 
lever exists eer is suspe*ete*el tf> exist, and of air- 
e*raft .starting from or alii^htin^ in any such an‘a. 
In (’alcutta the st(*^omyia’ind(*\ was fmind to be* 
hij^h e'inui«i[h to cause* serious e'eme e i'ii to tin* aiillio- 
ntie*s and such as can harelly be* passe*el Jive'i* lightly. 
Ill Anu'i’ie'a this elise*Mse has b(*(‘n e*llecliv(‘ly t'euitreill- 
cel by suitable* aiiti-mosepiite) ine*asnre*s, anel similar 
steps must be* takc*n in this e'oiintry te> cemibat it. 
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Medical Research in India 

'I’lir annual nporl of Ihr Sci(*nlifi<- Advisory 
iloanl of I he Indian Uisvaivli rund ^Vssocialion, <m 
iiKiliral n'scart-ln-s oondurted iindrr thr ac'^is of lln* 
Assot'iaiion. during tin* year has just hrvn puh- 

lislivd. Ainongsl llu‘ subjects that r»*ccivcd the atten- 
tion of the researi'h workers during the year, nu'iition 
may he made of cholera, anti malarial drugs, malaria 
transmission, hlaek-water fever, nutrition, leprosy, 
■plague, anti rabie vae<-ine, tuberculosis, indigenous 
drugs, maternal mortality, drug nddieli(m, e.nneer, 
typhus, snak(‘ venoms, epidt niie dropsy and kala azar, 
and the problems presented by each were investigated 
in their diifereiit aspects with partieidar r<*ft‘renee to 
Indian conditions. 

'File epideinie dro])sy had two main lines of work: 
(i) the study of iiatiiTifs suirering from (*pidemie 
dropsy, and (ii) a search for evidence implicating 
rice or other articles in the eansation of the disease. 
'Fhe results obtained so far indicate that there is 
some infective agent in tht‘ causation of epiehiiiie* 
dropsy and that the infective process exhibits in the 
initial stages varying degna s »)f intestinal ilistiirlmnees 
leading, in the majority of ])atients, to a change* in 
the intestinal bacteriological Hora, A study of rice 
samples was made in the laboratory and in the 
fie*Id. 'Flic results so far ohtain<*d suggest some 
t'tiologieal comu'ction of rice with the disease. A 
more eletaih'd stiuly of the ojiaeities in rice grains 
points to the e*xistenee of two causative factors; a 
transmissible plant virus whieh leads to a later in- 
vasion of the damaged grain by soil bacl(‘ria. 

In addition two field investigations were carried 
out, one at the 'I’weiity Lines tea garden in Assam 
and the other at .Famshedpiir, llihar. 'Fhc data 
eolleeted at these investigations, togither with those 
obtained at previous inv»*sti;vations. were analysed with 
a view ))rimarily to test the validity »)r otherwise of the 
three important theorii's of epitli’inie dropsy, namely 
(i) the rice theory, (ii) the mustard oil inloxi(‘alion 
theory, and (iii) the contact infection theory. 'J'he 


object of these (‘iMpilrits was to narrow down the 
issue if possible and indicate the lines along which 
more exac*t work might proceed with advantage, 
(leiieral observations made at the investigation slu)w 
that two factors closely associateil with incidence are 
age and economi<* status. Habies in arms entirely 
escape, toddlers are ordy exceptionally attacked, 
young ehildn n are only mihlly alTect(‘d, those in the 
prime of life suffer worst, and the incidence again 
tends to droj) with advance in age. Again, it has 
been found that epitlemie dropsy is chiefly a disease 
of the middle classes, and that Bengalis and others 
who have ailoptial th(*ir habits of living are the worst 
siill'en'rs. 'Fhis was dinionst rated in a certain part 
of Cah'iilta wirere Bengalis and non Hi'iigalis of more 
or less the same (I'onomie status lived side by sitle. 

At the places where investigation was conducted, 
handpouiuleil rit't* was in e«>mmon use in villages and 
.small towns, but in bigger cities where tin* grain is 
imported, milled rice was larg« ly consumed. Out- 
breaks of ei)idemi(‘ <lropsy weri* as .severe amongst 
eoimmmities (Consuming parboiliat and milled rice as 
in those use<l to sun (iri(*d and hand pounded grains. 
'Fhose proeesst's, it is accordingly eoneluded, are 
therefore of no significanei* in the causation of epide- 
mic dropsy. C’onditions of storage of rice were found 
satisfactory in all places visited. In ei*rtain eom- 
miinities each hous(‘hold was found to gather and 
store its own grain. If inb'cted rice is to la* blamed 
for the causation of the disease, simullaiu'ous infe(‘tion 
of a large nui]d)er of uneonneeted stores has to be 
assumed. In otlu*r places also, it was not ])ossible to 
<*onne(’t Jill'erent eases to a common source of riei* 
supply. It is unlikely, says the Ki*})ort, that a waler- 
.soiuble toxin elaborated in "infeeted" ri<*c has any- 
thing to do with the eti(dogv of epid(‘mie dropsy, 
becau.st* tho.se who habitually threw away water in 
which the ric*e is boiled were found to suffer much 
more than who did not. It has also been found that 
while the throwing away of rice-water does not afford 
any .safeguard against the oeeurreiiee of the di.sease, 
other faeti>rs common to the members of the family 
are of importance. 
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No case, says tlic Rfport, was st’cn among tin* 
non-consumrrs of rnuslanl oil, but tho inltTprt lnlion 
of llic data is coiiiplicalod by a iimnbt'r of assofialtil 
farlors of wliiili Ibo lark of controls, diu' to univer- 
sality of its use, and the complications introduced b^' 
admixtures which the oil uiulcrgocs during its distri- 
bution to tbc consumers arc the nmsl im))ortant. 'I’lu* 
investigation at ('ah'utla, howi'vcr, showed that th«' 
low incidence among non- Hcngal is* was associated with 
smaller consumption of mustard oil. Again, among 
two groups, Hcngalis and non-hcngalis, the iiu'idt ina* 
of epidemic* dropsy eases rose* with a eorr«*sponding 
increase in the (piaiitity (d‘ oil consumed. It has 
how(*ver ))een found that then* is a dilferenee in the 
niorbidily rale in the lh*ngali and non lleiigali com 
munities when consumption of the oil is the same*, and 
this it is ditileull to explain on llii* basis of the oil 
theory. Inv«*sl igalions at ilamshedpur yielded sug 
gestive evidence* with regard to the ‘'mustard oil 
theory". ,Jamshedpur has a population of about 
100,000 i*omposed of )H‘Ople fri>m all the dilTereiit 
Provinces of India, and a small number of non- 
Indians. One hundred and eighty tive eases «>eeurred 
among 52 Hengali families and .‘17 eases in It non- 
ilengali families. 'I'he use of a partieidar brand of 
mustard oil, obtained from a local mill supplied with- 
in a short period before the eommenee*ment of the* 
outbreak, was a eemunon fe ature in a large majejrity 
of the alfeeted families. 'I’his jiroblem heiwever can 
ne)t yet be said to have been solved. 

As for the infection theory, it was found that 
contact with eases did iiUTcase liability to the disease 
and this liability increased with the intiniae*y of e*on- 
tae*t. Hut this tiiiding was ee)mplieate*el by the fact 
that intimate family eoniae:t went haiiei i]i hand with 
the ee.iisum|)tiou of a eommoii diet. On subjeeting the 
data to elaborate statistical analysis, it was found 
that with a decrease in ‘‘eongestion", that is, with 
an increase in the number of rooms per he*ael in a 
family, there was a eorresjuniding risi* in the de velop* 
inent of secondary eases in the alf(*e*ted familie's. 
'rills finding, says the* report, it is ditlie*ult to ree*e)iie*ile 
with the eemtae't infeetiem the*ory. 

A statistical e'lupiiry into the e*ases of maternal 
nieirtality aiiel morbidity in ehilel birth in Inelia, is also 
being carried on in Cale*utta and the* Aehhd Areas, 
divided into .‘12 wards. 'I’he intentiem is te) inve*sligale 


every female eleatli assoeiate'el witli pre*gnaney, ehilel 
birth anel the piierpe'rium for tin* ])eri(Ml ed* euie year. 
During the perioel .lime 15 to Oeteiber 15, ;t55 pro 
bable maternal eleaths were feilloweel up. 'riiree* 
hiiiielreal of these* eleaths were maternal eleaths in 
the .sense that tlie-y o<*eurre*el "eluring pregnaney or 
within four we*e*ks after the* It'rminaiion of pri‘gnam*y 
or later if illness originate*el eluring pregnaney, ehilel 
birth or pue-rperium”. Of this se ries e)f ;tU0 eleaths, 
2H were eleaths eliree*tly due tei child be aring, 50 we re* 
elue to an ineiepenele'iit disease eemeurreiit with preg- 
nancy e>r ehilel birth, anel !) were* due* to eauscs not 
sutlie'iently known. Of the 211 eleaths elireetly eliu* 
to e'hilel-bearing, .S2.7 pe r e*eut. are ae*e*ounle*d for by 
se*psis, 25..*! per e*e‘nl by hae*me)rrhage‘s. anel 5. I< by 
.shoe*k and ae*e*ielemt e)f labour. 

Impeirtant researc’he s in niitritiem were* e*arrie*d out 
during the year at the Pasteur Institute* e)f Sonlhe’rn 
Inelia, (.‘eeemoeer, anel at the* All Inelia Institute* of 
Hygiene anel Publie* Health, Caleiilta. Atlentiem was 
focussed at (.'eumeior ein the* sliiely of two problems: 
the* nutritive* value* eif Indian feteedstuHs anel the* diet 
anel "state eif nutritie>n" of the* population. 

A .syste*malie survey e)f Jnelian foodstuIVs was 
imelertake*n, the* first stage* eif this invest igatiem has 
lM*eil <‘e)mpl(‘ii‘el, some 200 ee>mme>n foe>elsl iilfs ha\ing 
been inve*stigaleil for ene rgy value* and eeiiitenl eif 
preiximate* principle s eif eale itim, phe)s[)lie)reius and iron. 
'Phe, majority eif these feiods had iieit previeiusly heen 
analyseel in Inelia. Simullaneeiusly, Hu* vitamin A anel 
eareiteiu* e‘onle‘iil eif some 170 e'ommoii feioels has been 
eh*terniiiii‘d by I be sjie e-t rographie me||i(ul. Investiga 
lions have been earrieel eml em the* ellee*l eif steerage* anel 
other faeteirs on eareitene and vitamin (' eeinlenl, and 
the interesting edise rvatiein inaele* that in ce rtain vege - 
talile* feieiels an increase* eif eareitene may lake* plaee* 
afti*r harvesting. 'I’lie vilainiii Hj eiinli'iit of foeed 
.stuHs is being sludieil by bieilogieal assay. 'I'bis 
inve.sligaliein is of eemsieh-rable inleresl since it has 
be*en elise-eivered that eine of the eornmoii foeiel de*tleie*m*y 
eli.se'ases in South Jiielia- steimalilis is eaiiseel liy 
lack of one or iiieire* eif liu* fae teirs present in (lie* 
vitamin eeiinpIe'X. Data eihtaiiuel in a survey eif 
fe Kiel. si nil's have alreaely heen used feir the investiga- 
tiein anel planning of diets; in faet, mue*h eif the* field 
work earric'el out eluring llie* ye ar weiulel have* been 
iinpossible* wilhoiil siuli iiiiorinalioii. 'I’he elleel ein 
riiitrilive value eif Jtielian e*eioking inetheiels is alsei 
being slndicel, and altenlion is being give*n to llie*. 


37 


Yol. 111. No. 1 
JULY 1B31 



NOTES AND NEWS 

availability of niinvrals, for instance, iron and faldiim 
in various foods. I hour'll iniu'Ii work y<*t remains 
to be done, siillieieiil material has been aeeiimulated 
for praelieal appliealioii, and all available informa^ 
tioM about the imiritive value of Indian foods, tojrc- 
I her with aeeoimls ifi simph* lan^iia^t*, of ])rineiple.s 
of oulrilioo, instriielions how l<» jlevise “eheap balaiie- 
e<l diets/’ ete., are beiii^ passed on to the publie in 
“lleallh Hullelins.” 

fn an empiiry undertaken at the All- India Institute 
4 tf Jlyt'ii'ne and Publie Health, an attempt is being 
made to eliieidale the epidemiology, pathology and 
baeleriology of lubereulosis in India; in addition, 
attention is being given to s»)me cognate problems like 
the part |)layed by solar radiation in iiitlueneing tuber- 
eulous infection in the tropics, some iion-tubereulou.s 
tliseases which stimulate tuberculosis, et4‘. It has 
been found that although tuberculosis is not a ilisi'a.sc 
peculiar to the tn»)nes, the complexion (»f' the infee- 
tion an<l the jlisease is considerably ditrereiit 
from that in other countries, ft has no>v been 
proved, as a result of these inv<‘stigalions, that 
the hyj)erst'nsilivily of the Indian population 
to endemic infection is more marke<l than in the 
highly industriali/e<i and urbanizcil Kuropean popu- 
latitm. A study is also being made of the sprca<l of 
lulM reuh)sis infection, morbidity and mortality in in- 
fe< led households, «*.speeially among children Iwdow 
15 years. 

The study of .some of the inorganic preparations 
(»f iiuligenous medicines was eontirnu'd, and investiga- 
tions on lininfn lihasina (ealeined tin) and Lauha 
lihasmn (ealeiiuMl iron) were <*ompleted and rcsult.s 
published. ('r«ide oxides of tin have been u.sed in the 
old Hindu medii'iiie in the treatment of skin di.st'ases, 
and in view of the fact that there is a tendency for 
this metal to aeenrnulate, in the system, the.se obser- 
vations are rather interesting. It has been observed 
that workers in tin mines did not suffer from furuncles, 
and based on this observation, staiiiioxyl wa.s intro 
dueed in llu* treatment of furuneulosis. 

A study of fMulin lihnxma, says the report, .show.s 
that ancient Hindus appear to have poss<*ssed a more 
advanced knowledge of the uses of iron, and appre- 
<*iated that iron preparations sliould be administered 
in an assimilable form. Sxcarna lilinsvia is now being 
studied. 


Drug Addiction Theory 

'riicrc were also interesting investigations on drug 
addiction. Studies on tbe effects produced by hemp 
drugs in all its common forms, (janjo, charas, and 
,hhnvyt were carried out both in man and laboratory 
aiTiimals. 'I'bere were also studies on the water content 
in the blood of opium addicts, both liefore and after 
withdrawal, as well as iluring the course of treatment. 
As a result of these investigations, new lines of treat- 
ment have been suggested which arc now being tried. 

'riiere were also, during llie year, studies on the 
action of snake venoms and some interesting results 
have been obtained in eonneeiion with their haemolytic 
properties. 

'Fhe principal object of anti malaria^ drugs 
enquiry, for which the Director, Malaria Survey ot 
India, was himself responsible, was to popularize tile 
ii.se of einebona alkaloids and to ibid out what efTeets 
short eours(‘s of the treatment given to all ea.ses of 
fever have on the prevalence of the dis(‘ase under 
rural conditions. This (‘nqiiirv was earrieil out in a 
village near Kartial during the previous malaria 
season and imdiidtsl house to hoii.se visits to detect 
eases of fever, treatment of fever eases by einehoiia 
febrifuge, weekly blood and spleen examination by 
aeeiirate seienlifie methods, and experiiiU'iits gn 
monkeys lo test llu‘ anli-malurial value of certain 
drugs. 

Geodetic Survey of India — Report for 1936 

Primarily eoneeriied with the investigation of the. 
size, shajie and structure of earth, geodelie work of 
the Survey of India consists of triangulatinii, latitude, 
longitude and gravity defermiiiations. From tht*se, 
the exad “tigure" of the earth is obtained where 
points lixeil by Iriangulation can be aiviirately loeuled 
on its curved surface. 'Fliis system of fixed points 
holds logdher all topographical and revtmiie surveys, 
and the cxisteiiee of such a system from the early 
days of the Deparliiient has enabled it to avoid the 
embarrassments caused in other countries where iso- 
lated topographical surveys have been started without 
a rigid framework with the inevitable result that they 
could not he fitted together. 

Essential in any large survey ns a geodetic frame- 
work is, there is, however, a number of other 
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activities of an ultimately utilitarian iIiarai*t»T which 
can be suitably combined with it, and some of these 
which are being carrietl out in India are ])recise 
levelling for the determination of heights; Ihlal pre- 
dictions and publication of tide tables for H Pory< 
lietwcen Suez and Singapore; magnctii* survey, ob 
servation of direction and force of gravity, aslrotio 
mieal observations to determine latitude, longitude 
and time, and seismographic and inettorologieal 
observations. 

It is some, of tlu'Se manifold activith-s of the 
(ieodetic Parties that talic them far afiehl into un- 
chartored regions. 

In the year under report, primary triangulatioii 
to determine latitude, longitude atid the stages of tlu* 
main survey framework was earrie«l out in the Naga 
Hills on the Assam- Purma frontier. 

'Phe programme involved observatiiins at a chain 
of stations running through the iinadiiiini.stered Naga 
Hills of Assam and Purina for ov(T a huudrtal miles 
as far as the C'liindwin river, and thence southwards 
into administt'rc'd imrls of the Myilkyina and L'pper 
( hindwin districts. 

Here is a story aixmt this work whi<’h might well 
have been taken from a book (d’ a<lvenlure. 

Much of the country traversed had iwver before 
been visited by an expedition. 'Phe people were known 
to be very war like and most of the villages wen* 
stockaded, and men trMcIleil about in fully armed 
])arties. In one area an annistiee was specially 
arranged between lwt» villages while a Survey Party 
was in the vicinity. As the probable attitude of the 
])eoph‘ tow'ards the Party was unkimwn, an armed 
escort was c<insidered lU'ce.ssary, and in addition a 
Political Officer was attached t<i the Party. On the 
whole, however, the people proveil friendly though 
inter-village warfare was only loo evident and heail- 
himting the eoinmoii praetii'c. No loi’al su[)plies e<iuld 
be countcil on, and c*oolies wa-n* the Jinly lorm ot 
transport on the slec‘p foresl-elad hills. I he two 
main problems, therefore, were sn])plies and trans- 
port, eoinplieaied by tin* language diflieully. It 
would be hard to say lunv many entirely ditlereiit 
languages were met w'itli. CiTlainly a new' one for 
each hill .station would be iio exaggeration and a 
chain of two interpreters was olteii necessary. Ihc 


supply ipiestion was solved by forming dumps at 
suitable central positions, and hvo such dumps were 
formed in Assam by coolie convoys, the first at tin* 
'Pirap outpost and the seetuid on the Ikitkai water- 
.shed, a third dump was eolleetcil at Dalu on the 
('hind win, but owing to ditfienltii s of wairr Irans 
port because of the rapid stores had to la* brought 
here ovt’rland from the Huniia Haihvay at Mogaung, 
a distance of 110 miles and 100 ('liiiiese muhs wi re 
engaged for the purposi*. As ngards trans]>nrt, a 
grc*al deal de])en(led on what loe;d loolies could be 
eolieeted in the imadmiiiistered areas and very little 
inforuialioii on this point was available. P’or Ibis 
reason liOO Seina Nagas were eulisled at llie oulsel to 
form a permanent iiiieleiis id’ reliable carriers. Lastly 
the language difficulty was overcome s;jlisraelorily by 
the Political Officer who picked up local men of 
iiiliiieine as In* went along. 

Perimeter camps were built wlieii Ihe parly was 
in the imadministered territory. 'Pin* perimeter 
eonsisted of a feiiee round tin* camp proleeted by a 
hedge of pointed bamboo spiKi s. Pi'nnaiieiit guard 
duties were carried out by tin* eseorl of .Vssani Hilles. 
Outside llie pi*rinn*ler siilfieieiit ground was I’leared 
to pri*venl anyljody approaeliing witboiit being set ii. 
No local men were allowed inside llie ramps e\eepl 
under guard, and ue\er more than It) eoolii s at a 
time even when loading or unloading baggage. 'Pbe 
permanent coolies were gi\en while bands to dis 
tiiigiiisli them at niglit. 

In format ion from liuniia w as very im agre. and 
it was only shortly bel'ore i rossing Ihe border that it 
became known bow -parsely popiilaleil tin* eouiilrv 
was between Ihe P.'dI'ai and tin* Chindwiu on tin* 
proposed lini' of advance soiilliw ards. 

'Phe Patkai seems to atlrael clouds almosl all iln* 
y«*ar round and snow and wind eompleh*il a siiigid 
arly bleak situation. 'Pin* leiiiperature ;d liiiu's 
s(‘ldoin rose above freiziiig point in the niiddh* of tin* 
day and a miniinimi temperature of was 

reeordeil. Hut the |>«*nnain*nl .Naga <*oolies living in 
hamhoo shellers with lillle i*h)lfiiiig ainl only a siiigh* 
blank(‘t came through this very trying lime willmut 
a siiigU* complaint. 

At one j)la(*e a serious aeeideiil was narrowly 
averted. 'J’he slalion is'siliialed on a slee)) ])romono- 
lory with elitfs on llnae sides, and a detaehineiil 
arrived at the hill on a stormy night in tin* dark. 'Pin* 
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ooolifs w'vrr oarryinj^; lurflu’S and s])arks from Ihose 
Sfl iiiv lo Inislirs near I lie slatioii. FaiifU'd lu' the 
^alc llu' (iiv ,i«‘n'\v vi<d(‘iil and could not he put out, 
and ill the cud it was all ablaze. 

On the loth March the whole party started for 

houu*. iV i'-roup with a inajorily of the escort and 

pmiiauenl coolies inarched overland to Sin^kalitig 
Miamfi, while another went down the river with 12 
boat rafls carryiiij;* the sick and much of the heavy 
hay«'’ai»c. 'I'hc river jiarty had a strenuous time 
i'l'lliuy; down the rapiils. 'I’wo rafts capsized at one 
rapid wilh the loss of some provisions and other 

small arlii lcs, and at another rafts had all to he un- 
loaded and dismantled before pulleil down the fall. 

Gravity Observations 

Purely scientific aspect of ^^eodesy is observations 
of the intensity of i^ravily. 'I’hcsc observations were 
made at stations in North Western India. In 

places slight increases in the strength of the earth’s 
pidl revealed the )>resenee (d' abnormally dense areas 
in the earth’s crust, while in other places defieieney 
of density is revealeil. 

Another means of soeurinpf knowledpte of these 
peeidiarities of the earth’s structure lies in the stiuly 
of surface known to seieiilists as the Geoid, whose 
undulations correspond to undtTlyin;; excess and de- 
fects of mass. In this branch of Cicoilesy India is 
settin,i 5 an i'xample which other countries have to 
folbiw. Ill the year under report, the cross section 
of the uvoid was measured alon^ lines from Bombay 
to Vizat;apalam and from Manf»;alore to Madras. 

In a j^eiural review of i^ravity work, the report 
has some inti'i'estin^ observations to make on the 
eaiisatioii of earl h(|uakes. 

A freipieiit explanation of earth({uakes, it says, 
is that tlu‘y are ])art of the ]>roeess of isoslatie ail- 
juslment. 'rims the di‘nudation of mountains and 
the eonseipient deposit of alluvium on the plains is 
said to lead to an increasing- laek of e(|uilibrium, 
r(‘sultiii«< finally in an (‘arth({uake which tends to 
restore it. 'I'his, however, is precisely what is not 
bappeiiinj^ in Northern India. 'I’lie (Janf»;etie Plain 
is an area wbieh is greatly underloaded while the 
out«*r ranj^fs Hanking- it are overloaded, so that the. 


whole effect of the extensive denudation of tlie 
mountains which is f»:oinpi; on is to restore equilibrium 
both ill (he mountain area and the plains. Karth- 
qiiakes in this an*a therefore cannot be ascribed to any 
superficial cause. Seismo^raphie records inditate a 
small focus at a considerable lenjrth. Some earth- 
quakes originate at a ^reat depth, 100 miles or more 
down. 'I'hese are exceptional, but the normal depth 
of focus is between 10 and .‘10 miles, that is well below 
the granit layer, a\ul either within or below- the 
intermediate layer. 'Phe normal eartiupiake therefore, 
appears to indii'ate movenu'iit in or below the inter- 
mediate layer and is in fact part of the process of 
crustal warping. 'I'he thrusting, folding and frac- 
turing of surface rocks is only a secondary effect de- 
pendent on local geological conditions. 'Phe stability 
of ])eninsular Imlia is ])erhaps due to the fact that 
it has Iw-eii eross«*d by some systems of warping 
cuttings at more or less right angles to each other. 
'I’hese very ancient warpings, long since completely 
stabilizeil, have made a sort of erossbraeed structure 
of the crustal layers below the peninsula strengthen- 
ing it, so that it is now capable only of very gentle 
undulations. 

Kqually interesting are the revelations made by 
Ihe study of subsoil watt‘r lends. 

'Phe vast alluvial deposits of the Indo (Jangetie 
Plain, it is said, bide an underlying rocky floor. 
.V very detailed survey covering an area of about 
if, 000 square milis has been made and the end of a 
long ridge, buried lielow the silt, wbieh extends to 
near Delhi has bei-n charted in detail. 'Po this 
ridge has been given the name Shah pur Delhi rielge. 
'Phis ridge lies ilireetly across the otherwise normal 
direction of flow of subsoil water, and a|)[)ears to be 
eonlinuou.s with no gap through wheh water can 
pass. 'Phe subsoil water therefore must have filled 
up the basis north of the ridge until it i-ouhl flow ove r 
the; teip ef it. Water in silt behaves like a very 

viscous lie[uiel, aiiel viscosity e-auses the* subsoil 
wate-r to he‘ael up an eibstae-le. Whethe'r the heaeling 
up is se) great as to eause wate*r logging ele-pends 
eni the depth of the rielge below- greuiiul level, em 
the; re‘slrietion e>f flow, and em the ainemnt of water 
flowing. While the re is e-viele-nee* that ihe-re* has been 
an increase in iu-aeling iq) in re*eent years, water level 
se-etions slieiw ])laiidy that there was alreaely a heaeling 
upstre*ain em the, Shahpur-Delhi rielge a quarter of a 
century ago. 
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In tht; Douhs the water level south of the rld^e 
is still very hip;h; it falls rapidly to the east of the 
Doabs. North of the rifl^e there is no eorresporul 
ing change on leaving the Doabs. 'Phe high water 
level in the Doabs is at least partly due tt» seepage 
from rivers and eanals, but there is also seme evi- 
dence both from gravity and geological data of a 
spur running south-west from fhe ridge under this 
area. Whatever the cause, the elTeel of the ridge 
in the Doab sections is ]>arlly maskerl and far less 
apparent^ than it is in the sections further cast. 

Hast of the Doabs lies a deep basin bounded by 
the Shahpiir-Delhi ridge on the north, the Aravalli 
ralge on the east, the ,laisahner formations on the 
south and the Kaiaehi Sukkiir-Sulaiinan Mountain 
ridge on the west. .All the water from the north 
falls into this basin and the ofdy outlet for this niul 
also for the subsoil water from the Indus basin 
appears to be a very narrow gap west of .laisalmer. 
It seems likely that wab‘r levels south of Shahpitr 
Delhi ridge will rise uolil the gap west of .laisaimer 
can take the flow oH‘; after which of course water 
levels in the plains south of daisalnvr will risj* until 
a [iroper gradient to the sea is established. 

Turning now to Sind, the report says, gravity 
data have long since shown that a ridge runs from 
Karachi towards Sukkiir and thence to the Sulaimaii 
mountains and /hob. At first sight, since this ridge 
runs roughly |)arallel to the Sukkur Harrag* ('anal 
systems, it appeared tiiat it we.uld have no effect on 
the water-levels. (’loser e.saminalicm, however, 
shows that the hills to the w<‘st el(»st' the buried 
ridge south of Shewan. .Ml this area west <»f the 
Karachi Sukkiir-Sulaiuian ridge is thus closed. 
Subsoil waters due to the Xari and llolan rivers, «‘te. 
and to the Sukkur Harrage irrigation have no (Uit- 
let except by seepagt* back into the Indus. Presum- 
ably the .Manehhar Lake is an iiiilieatioii of the ten- 
dency to water-logging in this area. 

'Pile importance (»f the observations on the irriga- 
tion projects wheh serve these areas can well Im* 
imagined. For a ridge holds up the sub .soil drain- 
age and increases the risk of waterlogging which 
causes an inerustation of salt at the surface of (he 
soil and is one of the greatest anxieties of the irriga- 
tion engineers. 


Police Radio 

The Hoston Poli«*e Department of L’. S. A. has 
recently esiablisheil tin- lirsi prailit'al ultra-high- 
fn‘(|uein*v two-way duplex wired broadiast radio 
system for mobile units, e.r/., police radi«) cruising 
cars and boats. 'Phi re is a et ntral lra?ismitter o|)erat 
ing on me. and at an ;i\«‘rage power of 1 k\V. 

obtained fnim two walir-cooled \alves. 'Phe micro 
phone is placed in the room of tlii' "dispaieher " 
fre.m where he eonlnjls the transmit 1(T by a remote- 
control system. 'Phe dispaieher with the help of 
telephone operators in his room is always availabh* 
to the public for any tinergeney. 

'Pile departnuait has e(]ui))ped 77 two May radio 
cruising ears; there are also police boats eijiiipped 
with two way radio. 'Phe ear rei*eivers are abso 
lutely n(»isi‘less m hen no transmissio.i is lauiig sent 
out from the hea»h|uarters. F.aeh rar ami boat is 
also e(|uipped with a transmitter Morking on a fr(‘- 
(|ueiiey «)f .‘10 1 me. at a ptiMtr of only 10 watts. 
Suitalile fillers allow om- and ih«‘ sanu* antenna to be 
used both for transmission ami reception by the ears. 

'Phe message from the ears are net is'ceived 
directly at tiu* luadcpiartirs hut by ••ighl jiiek-up 
stations distributed throughout the eil>. 'Pin* railiii 
output of the se staliems is earrietl by laml lines to the 
dispatcher’s di sk M heia* shadoMgraphs at once indicate 
whieh td’ the piek up stations is reeeixiiig Hu* ear 
signal the best. The ilisjiatelu r now t* .te.blishes 
(ommunieatioM M’ilh the ear through this piek up 
point. In eases of extreme emergency Mhen, for 
example, a crime has been commit leal, tIu* nu'ssage is 
sent on the air din etly by the hea hpiarter trans- 
mitter so that all radio ears receive this messag«' 
simultaneously. 

International Congress of Esthelies 

It has hei’ii aimoiima'd in 

March April ’.‘17, that Ih.- Si corn! International 
(’oiigri'ss oi h. si I u ’til's and tin* .Sfieiu’e oi .\rt will be 
held in Paris on Sib August l‘);i7. There will be 
altogidber four sections in it Mliieb are as follows: 

(/) (ieiieral Kslhelies and history of Kslbelies. 

{it) History and Crilieism of Art. 

(Hi) Science and teelniiipie ot Art. 

(ir) Esllietieul Psychology. 
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A general diseussion will be lielcl in the j)lenary 
meeting of the C’ongress on the following to]>ies: 

(/) Ksthetie and Sei(‘nee of Art. 

(ii) Some reeeiit mellwxls in Kstheties: 

( |)henomenologiial and psyehoanalytieal) 

(///) Ivslhelies, Soeiology and Culture. 

(/r) Important Iremls in modern Kuropeaii .Vrt. 

All eommmiieations and subseriplions (dO frs for 
full membership and 10 frs f<»r assoeiah' membership) 
should be sent to the Seeretary, * 27 , Boulevard Saint 
Mieheb Paris. 

International Petroleum Congress 

It is reported that the International IMroleiim 
Cemgress was held in Paris on the I Uh of Juin* 10.17 
under the prtsiderilship of Mr Charles Hihoreau, 
l)ir»elor, Offiee Xati(»nale des Combustibles liepddes. 
'Phere were altogetlu r five seetions in it, eaeh dealing 
with some speeial problem of pelroleimi leehnology. 
'Pile seetions were as bdlows: 

1. Cie»)logy and lioring problem; 

Physical Chemistry and the repining of petred; 

.1. Material and Construetion ; 

t. 'Peehni(|ue ainl utilization of tin* by products 
of petrol; 

!). Keonomy and statistics. 

Several excursions to dill’erent [H*tro1iferous regions 
of rraiiee and Moroi-eo were organized by the Com 
millee. It may be recalled that the last (’ongress 
was held in Condon in the year 10.1.1 under the presi 
dentship of Mr 'P. Dewhurst. 

Monument at Uathgaon in the United Provinces 

'Po the large number of moriiiments in the Ciiiled 
.Provinces rnainlaineil by the Covernineid of India, 
a recent addilion has been proposed. 'J’his is the 
building kiiowri as Hiithikhana or d.ai Cliaiidi in 
village Uathgaon, tahsil Khaga, Falelipur district. 
'Pile village of Ilathgaoii like other places which have 
claims to great anticpiity is situattd at considerable 
height above the surrounding plain. Among the 
interesting ruins the most prominent are those of a 


Fort known, owing to its wide expanse, as Halhi- 
khana or stable for clc])hants.* Another name, given 
to it is Jai Chandi, apparently from Jai Chand, the 
last Hindu Ruler of Kanauj, who lived at the end 
of the 12th timtury A. I). The association of Jai 
Chund with the place, however, ap])t‘ar8 to be ail- 
veiilitious, as its historical anthiiiity dates to long 
before his time. Hut the name of the last Hindui 
King was jirobably a convenient one to give when the 
Hindu rule had disappeared, and its present survival 
only ])oints to the Hindu origin of the jilaee. 'Phe 
only building worth preserving at Hathgatui is a 
dilapidated mosque which must have been constructed 
shortly after Muslim oeeiipation, the materials being 
provhled by the ruins of the older faith. 'Piiere are 
24 pillars here, arranged in rows of six, with some 
of the ancient doorways, sculptures, and arehitee- 
tiiral fragments built into the structure. At least 
!• Hindu temples seem to have gone into the con- 
struction of the mosque which is generally allributeil 
to till* rule of the Sultans of Jaimpur in the 15lh 
Century A. I). After the building had been eonse 
crated to Islamic worship, it again seems to have 
fallen into negleid, and it was oidy ri i’eiitly that the 
local public got interested in it. 'Phe eiisloilians of 
the place have, however, no objection to the repairs 
of the building being undertaken by (rovirnment as 
they feel that it will not be possibly for tlu'in to 
maintain this ancient structure in a way commensurate 
with its antiquarian value. 

New Fellows of the Royal Society 

.Vt the meeting of tin* Ho al S<»eii‘ly held on May 
(), the following fellows wiTe elected: 

Dr ,1. D. Hernal, lecturer in eryslallography, 
Cniversity of Cambridge; l*rof A. C. C'hibiiall, 
.assistant ])rofes.sor of bioehemist ry. Imperial ('ollege 
of Science and 'Peehnology, London; Prof (L H. 
('lemo, professor of Chemistry, Armstrong (’ollege, 
Cniversity of Durham; Dr .V. N. Drury, leelunn* in 
pathology, Cniversity of (’ambridge; Prof H. 
Munro Fox, professor of zoology, L'niversily of 
Hirmingham; Prof \V. IL Ciarner, profes.sor of 
])hysical chemistry, l’niv«‘rsily of Bristol; Dr S. 
(loldstein, lecturer in mat hematics, l.biiversity c»f 
Cambridge; Dr Pereival Hartley, National 
Institute for Medical Research; Prof H. I,. Haw'kins, 
profes.sor of geology, Cniversity of Reading; 'Phe 
Rev. J. E. Holloway, lecturer in botany, University 
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oi Ot/i^o; Dr W. Hiiiiu*- IlotluTv, Warn ii r(‘st‘art‘li 
f(‘ilo\v of llu; Hoyal Socit‘ty ; Dr '1'. G. Mason, 
Cotton Rcsoaivh Statimi, Trinhiad; .1. Urid Moir, 
art lnnoloj-isl ; Dr M. D. K. Oliphanl, ( avtndisli 
i.aboralorv, Cainl)rid;;i‘ ; Dr C’. F. A. Pantiiu Irclnrir 
in zoology, I'liivt-rsily of Camt>ridf»;t‘ ; Dr D. R. Ryo, 
dy. diiTclor of scientific research. Air Minisiry; 
Dr Fi. C. Sloner, reader in pliN^ies, I'niversity of 
Leeds. 

New Short-wave Transmitters for India 

In SciKNci-: AND Ci’i.Ti'WK. February, we 

referred to Hie new short- wave transmitters which 
have b(‘en ])ropos(‘d to be erected at Dt‘lhi, (’aleutta, 
Hoinbay and Madras, ^y(‘ understand that the trans- 
mitters which are being const met e<l by Rliili]>s, are 
improved models of K.V.F.H. U)/l*J aln^ady in opera 
tioii at ’rand'pjiig l*riok. 'I’lie fidlowing technical details 
which appeared in I^hiUps TransmittiiHj Xcrcs 
No. I may be of interest to our riaders. 

'I’hi' tranmsittm* type K.V.F.H. I0/l*2 has an output 
of 10 kW for the unmodulated carrier; the various 
H.F. stages, up to tlie freiiueney doubling .stage and 
the <mtj)ut stage itself arc designed for a frecpiency-. 
rang(.* of .‘J.'h'RJ to 10,000 ke/see. (Waveraiige from 
;I0 to 00 m). 

"I’he transmitter <ontains si.x II. F. stages, e*.f/., a 
drive-stage, an 11. F. am])li(ier stage, a separator 
stage, a second H. F. amplifier-stage and a power- 
stage; further tliree L.F. stages for the modulation - 
system are pro\ided. 

The ilrive-stage contains a (|narlz-driven K 115 
tube; two groups of oscillator (juartzes and two ther- 
mostats permit of changing over from one wave 
length on the other by a simple switch manipulation. 
Fvery thermostat contains three quartzes, e.r/., one 
for tin* normal carrier freipieney and two others for 
freqin*neies of a few kc/see almve or below the normal 
carrier-frequency. Should another transmission give 
any disturbance, it will be easy to change over to a 


frequency differing a little from the normal freijneney 
and to avohl interfereiur in this way. 

'rile first H. F. amplifier-stage contains one lul»e 
0.5/15, the si'parator st;ige two sereiii grid lubes 
QR !i/7.5, the seeoinl II. F. .‘implifiiT stag<‘ two lubes 
of Ihe .same ty])e, tin* fr<<|neney-doubling stage two 
tubes 'I'A 10/5000 K and the output stage tw<i lifbi'S 
T.V 12/;i0,000 K; moreover two s])are tubes 'I’A 
I0/.5000 K and 'I’A 12/20,000 K have been provided 
for. 

Modulation occurs in the last II. F. st/ige; the 
inodnlalion system consists of thr*r L. F. stages, 
which eonlain respect ively one Inbt* .Ml’ 1/dO, two 
lubes .M.V 4/500 and two tidies .MA 12/15000 besides 
two spare lubes of this type. 

With the exei'plion of the smallest n'ctifier, all Ihe 
rectifier lulu*s are gasfilled low vaeiiiim rectifiers of 
the type D(’G 4/1000, D(’(; 2/2000, D(‘G 

5/2500 ainl D(’G 10/15. 

Output of Electricity in Great Britain 

Tin* ofheial Returns rendered to Ihe Fleet rieity 
Commissioners show that 207 1 million units of 
eleelrieity wire generated by authorized undertakers 
in Great Rritain during ,\Iari*h, as t*om})ared with the 
revi.sed figure of 1755 million units in the eorres- 
jxiinling month of 105i>, repr(*.senting an inerea.se 
of 18.5 per cent. 'I'he nuinher of working daws' 
was 25 as against 20 last year. 

During the tirsl three months of 1057 up to the 
end of .March, the total amount of ele(*l rieity 
generated hy aulhorizecl imderlakers was (ilOt million 
units, an increase of 11.7 per cent. — JlOrld Po’icvr. 

Pulitzer prize awarded to Mr G. B. Lai 

Mr (?. R. Lai, the s<‘ieiiee t*dilor of A'ew* York 
Times, has been owarded Hie Rnlitzer l*rize along 
with four oilier Journalists for his meritorious report- 
ing of Hie work of the 'rereeiittiiary (’elebralion of 
the Harvard Univer.sily. 
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Neoprene — A new synthetic Rubber 

Ilubhrr is siicli an iniparlaiit niatrrial for all 
civilixcd nations both in war and jH‘ac*t* that for a 
loii.y; lime sricidists havo lnrn busy atlrinpiiii^ to find 
out a clu'inioal mbbor wliit'li would bo ablt* to ropla<‘o 
natural rubber for all praotioal pur)>o.so.s. Thou^li 
an oxaol subsliluto of natural rubber has not yet been 
obtained, seienlists’ investigations have* yielded a 
variety of synlhetie produets hifrhly satisfaetory for 
terlain purposes. 'I'lie latest iu this line is Neoprene — 
artieles made of whi<h were reeently shown in an 
1x101)11 i»»!i opened hy the Imperial (dniuieal Industries, 
Ltd., iu [.oudou. 

From a note in the KlvctricUw (April .‘10, ItKJT) 
deseribinj*’ this product, we Jearu that N<'oprent‘ has 
rid)ber-like properties and can be used for purposes 
for which natural nd)l)er is wholly or ))artially un- 
suitable, but it is not a substitute for natural rujyber. 
'riie material is really polymeri/.ed eldoropreue. The 
presence of chlorine was viewed with suspieion at 
lirst hut suhse(|uently it was found that chlorine im- 
prov«‘d the final quality ami also ehenjuMied tin* pro- 
duct. Produi'ls of the old synlhetie proirss, bastMl 
on Isopn-m-, had the disadvantage that they were 
<liffieull to mill, 'riiis was because their inoleeules 
w<'re iu (he form of brauelu'd ( iiains. My introdueiiif^ 
chlorine the molecules ha\e been made to form loiij^, 
slrai/'lit eliaiiis as in natural rublier. Neoprene is 
the first ‘‘syuthelie rublier ’ with this molec'ular eoiis- 
triu'tiou, and the material ))ossisses all the elasticity 
and tensile strength of the best natural rubber, to 
wliieb it is ineompara])Iy su|)erior iu its resistance 
to oils and eerlaiii solvents. It lias alsti a liigber 
nsistauei* to o/.oiie and ultra-violet radiation, is 
h‘ss all’eeled by eliemieals and less periiK'abh* to ffiisrs. 
Oil resislanee of N(*oprene inaki s it suitable fnr manu 
f.'ieluriiij^ washers and paekiuja; in all industries. 
Another obvious use is for transmission and conveyor 
belting workiiiij; umh'r oily conditions, 'riie resistance 
of the material t») ozone, tilt* well-known “Corona 
eileel'*, heat, and llaiiie makes it suilahle for ii.se in 


Iiigli tension cables, lead-in eabl<*s for neon si|i;n.s, 

and even for light flexibles. 

« 

Future of Indium 

In 1803, while searching spectroscopically for 
thallium, F. Ileieh .sud T. Hiehler found the presence 
of a strong line in the ullra-vioh'l part of the 
speetrum whieh w'as later found to be eharaeteristie 
of a new element. 'I'his element received the name 
iiiditun. Riebler succeeded in isolating the elc^meiit aiul 
in determining some of its properti<*s and in 18(>7, her 
preseiitt*d u few* pieces of metals to the Academy of 
Seiemees. Indium is a soft metal crystallizing like 
aluminium melting at Tti*^ and with a sjieeilie gravity of 
7.‘J and atomic wc‘ighl lit. 8. 

Some of the sails have been prepared and studied 
but on ai*<*onnt of its rarity and dinieully of extraction 
it has not reeeivt*d iniieh attention from the c'licmisl.s. 
Will indium remain a scent ifie curiosity like many 
other sub.slane(\s till some industrial use is found or 
should it be developed and its produelion iiitc iisified 
ft is not possible to say mut‘li on this at ])resc*iil. In 
I In* United States of America, a company has been 
started with the name of the [iidium Corpoi alioii of 
America w'hieh has extracted a few ])oiuids of the 
inelal out of some* minerals in Arizona. Tin* price has 
also been low'cred proportionately. Indium was 

practically unavailable eoinmen-ially up to In 

1‘KiO the prit'c was 10 dollars j)er gram but iu lO.’iO it 
has c*ome down to 1 dollar per gram, w hich is a little 
less than the price of gold. 

The important properties of the metal which have 
arousi^l the interests of tln^ industrialists are the 
following: It is softer than lead, more brilliant 

thfin silver, as unalterable as gold. It is probable that 
indium will he largely used iu j<*wellery. Alloyed 
w'ith other metals like silver, copper, gold, tin, 
eadm'um and palladium it gives a resist. ant metal 
which d(M.'S not tarnish w’hen exposed to air and it can 
take a beautiful polish. Another important porperty 
is its very low melting point. It is W'ell known that 
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wlum two metals arc correctly alloyed, the alloy melts 
at a lower temperature than cither of the constituent 
metals. For example, by preparing suitable alloys of 
bismuth, lead, tin and cadmium it is possible to bring 
down the melting point to about 100^^. Darcets’ alh/y 
is a well-known classical example. If indium is 
mixed with such an alloy the melting point can be 
brought down to as low as 1<5 “ — a little over body 
temperatiirc. The bquid metal ean be put in direct 
contact with the skin without any harm Uing done. 
This alloy can Ik; utilized for making models more 
raj)ully than plaster, for taking the mould of things 
and for making m(»rc resisting replicas. As it is 
malleable at ordinary h'lnperatiire it ean be used in 
surgery for treating fractures. Various other uses 
an* possible of indium and its alloy and its industrial 
applications will increase as its price comes down. 

— 1m Nature 


World Production of Automobiles 

'riie production of imdor ear in rose from 


5,125,000 to 5,850,000 wliic 

•li is an increase by about 

14 per ceid. In this wor 

Id prodiu'tion the shares 

of the principal producing 

countries are a.s follow's: 

U. S. A. 

71,5 per cent 

(jrreat Britain 

7.9 „ „ 

Oerinany 

7.1 „ „ 

France 

5.5 „ „ 

Canada 

2.(1 „ „ 


'I'he iiuiidier ears constructed in the U. S. A. 
went up to and lorries to 775,000, but in 

spile i)f this the share of America in tiie world proilue- 
tion diminished and thi* Ameri<’a t)roduetion of ears 
is still considerably below the n*eord figure of 1020. 
In Knglatid the ])roduetion reached a figure double 
of that for 1020. In (ii rniany, the number of new 
touring ears manufaelure<l was 2 K),;t00 against 
205,500 in 10a5. In France also, in spite of various 
difficulties, a considerable recovery was ren)rded with 
a prudticiion of 210,ld() ears against 177,iK»2 in lO.'tS. 

Among the pro<lueing I'ountries only Canada 
shows a decrease while in U. S. S. R., in s])ite of 
the lack of official statistics, it appears that the pro- 
duction of automobiles did not reach the figure of 
100,000 according to the plan. However, it is esti- 


mated that the factories at Moscow and (iorki 
produced more than 100,000 ears last year. 

1m Nature. 

World Production of Petrol in 1936 

During Hl.'Ui the world product io!i of pe trol was 
245 million tons against 227.1 million tons in 10,S5. 
The share of U. S. A. in the world proiliietion again 
increased from 150.2 to M-0 million tons. (>0.82 
of the total amount in 1950 came from American w«‘lls 
wliile in 1955 it was 59.95%. 'I'lie other petrolemn- 
jirodiicing countries in onler of their importaiu'e /ire: 

IJ. S. S. R. — 27 million tons against 25.2 in. tons 
in 1955: (11.02%). 

Venezuela — 22.7 m. tons again.st 22 in. tons in 
1955: (9.20%). 

Roumania— 8.7 in. tons against 8.4 m. tons in 
1955: (5.55%). 

— Sriencex et I'ai^af/es. 

U. P. Ganges Hydro-Electric Scheme 

During 1950 and the first two months of 1957, 
four of the canal ])ower stations on the (ianges hydro 
electric grid system in the United Provinces came into 
operation. 'Phe sehenu* imvisages altogether seven 
of .such stations with a (‘ombined capacity of 1H,‘)0() 
kW and a st«‘am station of 9000 kW. 

Whilst, from an electrical point of vii‘w. the size* 
of the sc'heme may appear small, its importance, lioth 
as regards power supply and irrig/ition, for tin* econo- 
mic welfare of the area is very great. Power supply 
rates to rural and cottage industries will be as low as 
anywhere in the world. During I95(i, 1-88 State 

wells were supplied with power for })umping, and the 
total area now irrigated is 118,077 acres. 

— World Puxi'cr 

Utilization of Bagasse 

Bagasse or the sugar cane refuse is one of the 
mo.st important by-jiroduets of sugar industry which 
now oei'upies such an imporlaut plaet* in the economic 
life of our country. Bagasse is eonsitlered a waste 
product ill India and about three million tons of this 
material is liiirnt anniially as fuel for boilers. In the 
following article Dr R. N. (ihosh shows how bagasse 
can Ik* very profitably utilized for the manufacture of 
fibre boards, a very useful material with a veriety 
of uses. 
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The Utilization of Bagasse 

R. N. Ghosh 

Rpaili-r. IMiysics Dfliiartmont, Allahaliad Uhiverfifty. 

Willi IIk' incn asf of Inrilf and duly and the lolal 
mill urn of sugar hy I he faelories, emnpelilion in the 
sugar nnirkel has heeonn' exeei'dingly k(*eii. Tlic 
Indian jinuliielion is prohahly inon* than Ihe eounlry 
ean eonsuine. As a eonsecpienee, the sugar industry 
wdl have lo fair a hig erisis sooner or later. The 
inanuraelurer, who foresees this and makes attempts 
to overeome it, will in the long run survive. 'I’he 
present note is chiefly meant to draw the attention of 
Ihe maniifaeturer lo the utilization of the waste pro- 
ducts, hagasse, the sugar cane refiist*. Jn all 

manufacturing husiness the complete utili/ation of 
the waste prodiK'ls is a most important factor. In India, 
at present, the sugar mills have been content with 
manufacturing sugar from cane and using the hagasse 
as fuel for the boilers. Since bagasse has a low value, 
cimstant altcmpls were luaile in other countries lo 
find a more prolitable use for it. Cane fibres cannot 
hi' used as fodder, nor ean lh<*y be used as manure, 
since the fibre resists decay, liut lln-y are quite suit 
aide for making fibre boards. After pndongett 
reseauh (’elolex (\>m])any in America evolved a 
jiroeess by which the fibres were eonqinsssed into 
boards known by tlie trade name (’elolex. 'riiesi* 
boards have found various us<‘s on the inarkid. 

'The utili/ation of hagasse lias, in fact, saved the 
sugar industry in Louisiana from extinction and has 
alVeeted the sugar market of the whole worUt. The 
scale of Celolex is recorded as follows: — 


Year 

Celolex S(|. Ft. 

1928 

2(>0,li5(),()00 

1929 

,225,000 

1 980 

l.(i0,0()0,00() 


'I'hus, it will he ol>served that the sale of fibre 
boards has been steadily increasing. In 1927 Mr K. 
A. \'/i/(|ues, a well-known sugar and paper mill 
engineer, pali'nled in Cuba a process whieli is known 
as the Vazaeaiie process by wh.ieli it was possible to 
join in o|)eratioii a method for extracting all the juice 
from the <‘ane and a preparation of the fibres so that 


they ean be directly formed iiito board, all by a simple 
nieidianii'al process. 'Hoanls mamifaetured by Vaza- 
caiie process have slightly ditferenl physical charae- 
terislics from Celolex, hut the uses are practically 
the same. 

'riic production of hagasse in various (‘ouritries is 
tahulalcil hclow: 


Country 

Louisiana and Florida 

Cuba 

India 

Java 

Pliillippines 

Australia 

Formosa and Ja})an . . 
Brazil 


'runs of bagasse. 

2 r )(),()00 • 
n,ir)t».ooo 

2,7;i5,()00 

2,9;i‘).000 

ij;i7,()()() 

r >; i 2,()00 

815.000 

075.000 


From the above table it is clear that India ludils 
the lliird position with regard to llu* production of 
bagasse, but uiiforlunal« ly all of lliese 2,7.*J5,000 Ions 
of bagasse are nearly wasted. Imagine one ton of 
bagasse j'ieldiiig 2,2K), sq. ft. of fibre board priced 
at Us *‘i,0ti0 in India. 'J'he cost of maiiiifaetiire is 
not known, but one can leave a Iarg<‘ margin as the 
cost of maniifaelure and an equivalent price for one 
ton of coal! 'File cost of inanufaelure will vary with 
the process of munufaeture. In the va/.aeaiie jiroeess 
it is certainly less than in others. 'These details are 
left out for the husiness men to discuss. 

'I'he possibilities of fibre board trade in India and 
elsewhere are increasing every day. Let us first 
consider Ihe use of cheap fibre boards. With the 
dcvelopmeril of small industries and husiness, the 
eireiilatioii of catalogues has inereastal and these are 
given a soft board cover. It is certainly cheaper lo 
use fibre boards inanufaelured from bagasse than 
lo use soft boards nia<le from woo<l or grass pulp. 
Cheap hooks are fitted with soft fibre boards. It 
lias not been possible to find the exact quantity of 
fibre boards that imported in indiu^ but it cannot 


SCIENCE ft 
O UL T D BE 


46 . 



SCIENCE IN INDUSTOY 

hf (loiibtrd that soft fihrr Imards will liiid a nady 
market. Similarly no exact data are available re- 
garding the boards which are imported for heat and 
sound insulation. At pn‘sent whatever (piaulity is 
used ill India is all imported, 'rhese boards are com- 
pact but porous and possess a high sound and heat 
insulation properties; they are generally used in 
eouiieil ehambers, auditoriums, public offices etc., in 
order to improve the audibility 'and miniiiii/t' noise, 
the etfeel of which is to lower the efficiency. Many 
takie houses are now lilted with sound absorbing 
boards, such as (’olotex, 'Kreetex. 'I’lu* (’ouneil (‘ham 
her of Delhi is tilted with acoustic tile which has to 
be tilted during eonstruelion and the l.uc*know (’ouneil 
Chambir has iiow been decorated with a s])ray of 
sound absorbing paste. 

Fibre boards are. also iiseil, as said Iwfore, for 
heat insulation. With ilw' advance of eivili/ation and 
business the itemand for a e<»ol hou.se during smnmer 
is inereasing. Walls lined with heal insulating m.ate- 
rials will prevent heat from entering and wh(*n the* 
ro(un is once cooled the lemj)eralure <'an be k» pl com- 
fortably low. The demand for heat insnialion mate 
rial has greatly increased with the (h*velopment of 
refrigeration industry, 'rile preservation of food-stnlf 
and fruits by cold refrigsvation has been put on a 
eommertial basis: and in other countries fruits are 
preserved for mouths by cold gas st<>rage, and Iraiis- 
porlt'd in refrigeration van. In all these eases the 
most important problem is to find out a suitable heat 
iiisulaling material so that heat might be prevented 
irom entering the refrig» ration chamber. It will be 
observetl, tlu'nTon', that we have a reaily market for 
fibre boards provided that they are suitable for the 
above purposis. 

Suggestions 

Vazaeane proi’ess will be loo costly lor small 
factories. What shojdtl really bi* done is to erect 
a eeiilral Hoard IManl maintained by all the sugar 
faet<>rii‘S. 'I’o this central place every factory should 
send its (piota of bales of bagasse. 'I'liis is a mere 
suggestion, the Sugar Mills Assoeiatitui can discuss 


the matter and come to the best decision. The most 
important problem is to evolve a suitable metlual Ibr 
the production of fibre lioards from bagasse with due 
regards to the raw material, the elimali'. temperature 
and above all the Indian re(|uiremenls. Ai-eepting 
for the present the above propositi«)n, still much spatle 
work has to be done before we can pla< e our goods on 
lilt* market. In fact, e>ery step om* moves, the matter 
has to be carefully worked out after a gooil deal of 
research. For instance, if every sugar mill has l(t 
store and bale its bagasse for transportation, then 
care has ti> be taken in storing the bagasse so that 
it may not become unfit for use later on; i.r., storing 
and baling also nspiire spe(‘ia1 care. 

As saiil before, the boards ha\t‘ to satisfy certain 
e<»nditions before they i*aii be placed on the market. 
In order that the boanls may not be suse» pt.^)le to 
the attacks of vermin, white* ants, etc., the fibres have 
to be treated elu'inieally before they are e-ompressed 
into boards. When the board is reaely, om* has to 
find out whellier it beeonu s erisp during summer, e>r 
swells out during rainy season. If so. the llbres have 
to be specially treated with i*hemh*ah. to avoid these 
clTt*i*ts. In order that these boards may In* used in 
publii* building for heat or sound insulation. th(*y 
must possess high Inal and sound insulation pro|)i*rli»*s 
along with lire and water proof pn)p(*rties. In order 
that the board m;niiifaeturt*d from tin* Indian bagasse 
be fr(*e fiaan any kind of tlef(‘(*l, a (*om[>lele invesliga 
lion by a eombiin*d effort of a ehemist and a physit'isl 
will have* to be math* before any sehenu* is laiiinhed 
into prai*lie(*. I’ln* whole work has to be i .sperimented 
on a laboratory seah*. and tin* work diviiled mainly 
into four classes: -- 

(i) Maehine work l«» beat tin* b;jgassc intji fibn s; 
(ii) ein-mi(’al proeess i.c., to renmxe any remnant 
siireose from the fibres and six ollnr fibrous sub 
stances for improving tin* fin* and water proof |n*o- 
perties, and to mak(* tin* fibns iiisett proof; (iii) 
eom[)n*s.sion of fibres into boards and ('utling the 
b<»anls in tile shajies; and (iv) testing of tin* ptiysieal 
properties «)f tin* board. After the laboratory stage 
i.s successfully worked out the process may be put 
on a big eomiiu reial scale at some suitable place near 
a railway station. 
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Effect of Overfceciikig on the Protein Metabolism 
of Man 

Cntlihortsoii, and Miunro (/Z/orZ/r///. 

r/., . 7 /, IIS 1, Iwivo (•arri(Ml out !•» oxtcnsivo series 
nl‘ invr>.tijjatioii in oriler to study tlio effect nf over- 
I’eediii;; oil the prof(‘in ni<‘tal)olism of man. In the 
first scries of (‘,\|)crinients they have ileterinined the 
effect of snperini|)osinjr raw and boiled milk on n 
diet ade([iiat(* for maintenance*. 

T\\v subjects selected for tliese experiments were 
studiMits and nuunlxTs of the teacliinu stjiff |>erforni- 
\\]^ roiitiiK* laboratory duties. They were rdl of 
Hood physii|ne— a^e ian}j;injr from 1!) to .T") years. 
They were filaced on self-select e<l constant basal diet 
comprised of brc'ads, 100 ^ms of butter, (dieese, oOO 
c. e. raw milk, apjile jelly, and raw ajiples. During; 
the (‘xperiuK'iital period tlu'v took no s|)eeial exer- 
cise spirt from short walks of a relatively uniform 
eharsieter, Tweiityfour-hour specimens of urine and 
faeces wen* eollecled snid ansdysed. 

For .7-0 W(‘eks the individuals seemed to be in 
X e(jiiilibrimu as their weights tended to rcnmiii 
constant during (his pcrio<l. Ilsivinjj cstsdilishcd 
eriiiilibriiun the subjects wiu’C mad(* to injest extra 
1 lit. of milk daily for one .-iiij^h* day. ft was found 
that the mean ])ercenta^e retention of the extra milk 
N was ol that of S 0 !). To test if the capacity of 
the orjLmiiism to milk X was cipial to or j^realer than 
its capacity to sl<»n; (he N of an eipiivalent amount 
of sodium cascinojrcnate, one sidijcct was fed with a 
litre of sodium caseino^cnale solution insl(?ad of tiui 
litre of milk. Only WW'o of the caseinoy:enate 
nitrojrcn was retained as compared with double the 
amount of nitrojjjcn n*tained in the case of raw 
and boiled milk. It ajipearcd as if the non-protein 
moity of tin* milk conlribnt(‘d to the nitrojren. 

Xext question was to detennine whether this 
extraordinary retention would still oexair when the 
period of milk injestion was prolonged. Fortius 
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purpose an eight-ilay sn[)(‘rimposition experiment 
was eondneted siiyilar in natnn* to the one-day ex- 
periment detailed above. It was found that very 
definite retention of milk nitrogen occurred during 
these experim(‘nts and that the retaiiu'd N appi'arcd 
to remain stored witliin the organism on return to 
basal diet. It was also found that in this respect 
no real difference existed Ixitween the nutritive values 
of the protein of raw and boiled milk. Tliese extra- 
ordinary N retentions w(‘re coupled with imu’case 
in body weight. 

After this experiment with milk they proceeded 
to detennim* the effect of siip(*rimposition of beef 
(or soya flour), lactose and butter, equivalent in 
protein, carbohydrate and fat content to a litre of 
milk on a dii*t ad(‘qiiate for mainteiiaiiee. The re- 
tention of X in til's (‘X(icrimcnt was 21.7 over the 
period of lodays when lean topside beef was used. 
But when soyabean was snbstitiiled for b(*(‘f the 
percentage of N retraition aft(‘r 0 days’ snperimposi- 
tion was 74. 

II. n. 

A New Ultra-High-Frequency Valve 

Recent developments in television transmission 
have nccessitat(*d the maniifactnn* of valves giving 
adequate pa>.(*r output at ultra-high fre(|iieneios. 
With ordinary pow(*r oscillators the efficienev and 
hence the iinwer output decreases as tin* frequency 
is increa.sed ou account of the h‘ad inductances 
and intcr-clectrode capacities. Tin* tenden(‘y, in 
recent years, has been to eoiistnicL special typos of 
high-power valves giving large outputs at fre- 
<|iioiicies of the order of JOO me. a.s are used in 
television work. 

Me.ssrs Eitel-McCnllongli, Inc., C-alifornia, has 
mannfaetiired such a valve known as the 1000 IT II F. 
A doseription of the novel fc}iture.s in its design 
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initilit hv of iiitorost. It is u nuliHtion-oooled valvo 
lijivioK :iti ovcimII of I, ‘I iiu'lios and a bull) 

diainc'tor of o incln'S. Tlio plab* dissipation is 
rnl(!d at 1000 watts, provided the bull) is eooh‘d 
by a blowor. The filament is of thoriated tiinj^sfcn 
and eonsnmes Ki anii)eres at 7*0 volts. Tlii» avorajre 
plate eiinent is 700 ni.A. and u:rid eiiiTent 100 m.A. 
and the output at 100 me. is of tlf(‘ order of 1 fCw. 

The anode of this valve is made of tentalnni 
and is provided with IS eoolinjr |jns instead of 
being ])nrely eylindrieal so as to increase the In^at 
radiating surface. The grid is also of tantalnm 
and is of the vertical bar typ(’ in order to redni*(* 
grid indnetanee. ^'he valve is characterized by 
somewhat iinnsn.'d grid mounting, and plate and 
grid leads in order to diminish the grid-lilafiient 
ea])aeily and r.f. resistance respei'tively. The grid, 
instead of being mounted according tti tlie conven- 
tional clamp type, is mounted ;is one ii.iit witli 
the filament, sullicient insulation being provid(‘d 
by a special typ<* of stem. 

There an* thr(*e sealed-in tungsten leads extend- 
ing throngli the glass for each of tin* aiauh* and 
grid. The leads for (*ach of the elect n»des are 
welded to solid c(»pper bars which in turn are 
terminated in a solid copper button. In order to 
minimize the |)ossibililies of puncture of tiu* glass 
due to corona eiVects the button does not contact 
the glass, ^rhe button is drillejl through so as 
to insert a small glass tid)e through which air 
nn(h*r pressure may be directed on the seals to 
keep them cool. 

Sex Differences in Human Skull 

Horovansky h.as studied 1.T2 m:ile and llo 
f<*male skulls in the Anatomical Institute of the 
diaries rniversity of Prague and has louiul the 
sex ditlerence from the ab<»ve data. Following is 
a summary of Ins eoncliisions. 

The eharacterislic points of (lissirnilarities are 
found in the developim‘nt of the region of glabcdla. 
Supraorbital ridg(*s are found in \)ronoiinc(*d condi- 
tion in male skulls but never in female skulls. 
VTu-tical forehtnwl bends^ abrni)tly into the cranial 


vault. This is found only in females to the extent 
of 20 The ext<*rnal o(*cipital protiilMu-aiiee is 
noticed more markedly in mah‘s than in females. 
The mastoid process is generally bigger in mah*. 
.Veeordiiig to the data of llorov’ansky, the pn»- 
portion of large mastoid proeess is in males 

and in feimiles. Regarding the nasal bones 

no dillerenee is yet met with, but nasal spine is 
slightly more develiipt'd in males than in femah‘s. 
Of chin there are some distinct types ; round chin 
oeeiirs in 25''^ of males and in 5.3% of females; 
tiattened eliin in 57 of males and in 35% of 
femnh‘s, while square eliin with lateral prominences 
o<*cnr in 14% of male.s and in 5% of females. 
Alveolar prognathism is more pronoiineed in female 
.skulls than in the male.s. The dimensions of the 
<Tanimn are greater in the male than in the female. 
Sexual ditleix'iiees are specially noticed in the 
bizygomatic, hijngal and bigonial breadth and in 
the length of the face*, /. e., nasiongii.'ithion line. 
Studying the skulls of both s(*xe.s it is found that 
f(*male. skulls tend towards braehyirephaly, towards 
eiirypro.sopy, towards higher insjil ind<‘x, and lastly 
towar<ls .slightly higher orbit'd index. If the facial 
angle is eonsiden*d it is found that female skidl.s 
an* orthognathoiis. Tlie teetli in the male are bigger 
than in tin* female. 

Minemfraunth Basn. 

Sutnero-Babylonian Inscription at Mohenjo-daro 
and Date of the Indus Valley Civilization 

In the btfUdu ('nlfurc (.V|)nlt 1037) Dr C. L. 
Fabri annoiiiuM's the dis(*()very of an earthenware 
pottery (Hr OOO) eontaining a Sumerian ideogra- 
phic inscription or potter’s mark consisting of the 
signs for barley and n*ed. So far Indian seals 
have been found on several sites in lra<i, e. fy.. 
Kish, Tr, and Tel Asmar which had proved tliat 
there was a liva-ly eomm(*rcial intercourse between 
the Indus Valh*y an<l ancient |rai|. hVom these 
tiiids d:it(s for the Indus Valley (hvilization have 
been dedm*ed varying b(‘twe(m 2000-2800 B. C. 
It was unite natural to suppose that objects with 
ancient Sumerian ideograms should be found on 
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Imliaii soil, ir Dr I^Vibri’.s iiitiM'protatioii^ wliicli 
lias tlio siipiKH't of Dr M. Jiolil, the famous 

.\ssyrlolou:ist Jifllie [ievdcMi I'liiversity, be eorreet, 
this polt(‘ry jar is ihe first SmiHU’ian objeel found 
oil Indian Dr Kaliri finds that the si«rii is 

idiMitieal with tlie sij^ii for barley and reed used 
in am ii’iit Iraij. This partimdar idiMijrrain iinder- 
wiMit iMiiitiiiuous (‘haii^e from .‘{0(10 !{. (\ t<i ‘J.'IOO 15. (\ 
h'rom the particular variety of uleoj»T:im found 
oil the jar the date? has been fixed at nearly 
IhiOO 15. 

'riie int(*rpretatioii of the sij^ri is not yet <d(*ar. 
Aeeordiiiji’ to one interpretation, it means 2 (fa of 
barhw ( S litres). .V<*eordinj; to aimther, it simply 
means 200. hVifin is inclined to favour the second 
interpretation as many of the potteries diseov(T<*il on 
this sit(‘ liav(‘ beim found to b(‘ luiniben'd. 

A Stratosphere Solar Observatory 

III UfiUrllii i\{ tin,* Ilarvjird ( j)lle«r(» ( )bs(‘r- 
vatory, then^ appears an article, with tiu* aliovi* 
headin;?, by Prof. M. X. Saha, writt(*n durinjj his 
stay in Ihe Harvard Dollejri* ( )])S(‘rvatory in the 
Slimmer of lO.'lll. 

The title of the paper is however misleadinjjj, 
for, if int(Tpreted directly, it is ('(piivalent to “Build- 
inji; ('astles in the .Vir.’^ \\'hat Prof. Saha pleads 
for is that a rci;ular programme should be orjrani/.(‘d 
for sending balloons to a lielj^ht of thirty-five to forty 
kilometers, provi<lcd with (piart/, fluorite and 
vaenum s[)cetro”;raphs whieli will be aiiloinatieally 
exposed to the rays of tlie sun when tin* ballomi 
is at the hij^hest |M»int, and will briiij; down re- 
cords of the solar spectrum taken at this 
heijj:)it. 


A prograiniiic like this may bo new to astrono- 
mers, but is not iinknowm in other branehes of .seieiiee. 
Many ineteoroloy:ical observatories (for example, 
.Agra in this country) send out balloons to great 
liiMglit-s, provided with aiitoniatie recorders of 
temperature, pr(‘ssiir<‘, and humidity. In this way, 
the im*t(*orologists are making a snrv(*y of tlie 
weather (‘ondifions of Ihe upper atmosphere but 
there is one disadvantage. These* balloons, after 
eomphding their fiiglits burst after a prescribed 
time and eoine down to earth, .\nybody bringing 
the nanains of tin* balloon gets a reward. J5ut a 
large part is lost. Peiauitly, the Sovi(‘t physicist 
MoltchanolV has proviiled these* balloons with auto- 
matie* transmitting app.'iratus (radio soiidi*) which 
transmit signals recording pressure, temperature, 
and humidity at tin* diflerent heights as the balloon 
ascends and descends. One has not to depciul on 
Muck* for getting tin* r<‘cords. 

fn this article*, it is (*xplaine<l tliat our kiiow- 
le<Ig<‘ of th(* sun is very incomplete on account of 
absorption by a lay(*r of ozone at a height of 
20-.‘i0 km. "I'his <‘uts ofV tin* s|)(*cfrum b<>low' 2! )()(). 
Absem‘e of all knowledge of the sped rum bel.iw 
A21I00 is responsibh* for our inability to und(‘rsland 
the mechanism of sol.ar radi:iti(in in the ultraviolet 
whicli causes ionization of the upper a(mosph(*rc, 
and priKlucos the lonosphen*. I5nt the ozoiu^ laym* 
has bc*en shown to besituatisl between 20 and 10 kins, 
and if the solar spectrum can be taken above this 
height, we shall have direct knowledge id’ Ihe 
ultraviolet part of tin* solar sped rum, and this 
knowledge will b(* of imm(*ns(* advantage to 
meteorologists and radio physicists. 

Prof. Salv.i’s jiroposals an* extrcmi'Iy practical, 
though costly, and it is h(^ped that tin* farse(‘iiig 
Harvard astronomers wall lx* able to g(*t some 
American millionaire to finance the programme. 
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University and Acadeijiy News 


Royal Asiatic Society of Bengal 

An ordinary inoiidily of I Ik* Itny.'il 

Asiatic Soci(‘ly (►!' was held on the Tth June, 

VX)1. 

The Idllowinjj: i)aiier was rea<l : - 

1. (J. K. Shaw and 10. <). Shehbean*. — TI k* 

Kishes of Northern Ih'iiji'al. 

Th(‘ paper is in the form of a handhook of the 
lish of Northern l>(*n!fal and embodies observations 
made in the Held by tiie authors f)ver a period of 
tiftt'CM years. 'TIk* materiid was ol)tained fiom the 
rivers, streams ami ixuids ii\ the hills ami jJains of 
tin* Darjeelinj*: Distiict and tin* adjoinini^ Diiars. 
J^Ik* sp<‘eies collected from ba/aars are also list<Ml, 
])ut such naiiK's are enclosed in ])raekets. J'he 
spi'i'ies, pr(*vioii>ly re<‘ord<‘d by earlier workers, but 
not by the authors are also ja'corded to complete 
the list. Lo<‘al v<*rnacular names, Jienj»:ali names, 
amt I lindi names of the dillen'iit specie's an* «iiveii 
and wherever possible biolooical note's are aekh'd. 

Ide'ntiiieation tables feu* familie*s, y;cnera and 
speeie-s ai'e* iuelueleal aiiel te) fae*ilitate* refe'renee* the 
serial numbe*r e>f the* .spe'cie's in the* ‘I' anna’ is »iveu. 

All the* spe;e*ies are* illustrate*d e'ither in the* te*A't 
e»r in plate's, sei that tlu-re* is a e*e)mple*te* atlas of the* 
spe*eie*s kmewn from Ne)rthe*rn l»e*ne:al. Me»st. ed' the 
ilhistratiems are* e)ri”inal, the* e)the*rs ai’e* beUToW(*d 
from other se)urees. 

Th(i fedle>winj^ e*xhibits we*re she)wn and eeimme*nl- 
ed U[)on : - 

1. Je)han van Mam*u. -Two re*e*e*nt publieatiems 
tor which manuse*rii)(s fre)m the* Seu'iety’s library 
have* been utilize*d. 

Like* all other manuscript libraries the Sot*i(*ty 
constantly leiuls eait manuscripts for utili/atiem in 
the product iem of scholarly editiems or studies. 

Johan van Manen. — A glossary and eoncor- 
daneo to Firdausi’s Shahnama. 


The* recetit milh'uai’y of h'irdau'^i has be*e*u 
eele*bra(e*el ne»t emly in Pe*rsia but throiigheait the* 
eivilize'd we)rh1. ThetJerman lOmpire* has pid)lishe*d, 
as a jubih'C gift, a sumptuous volume*, with supple*- 
im'ut, eamtainiug a comple te*, gh)ssary ami word- 
concordance* to the* Shahnama. ^riie* autlwu* is h’ritz 
WoHV. The* main veelume*, e)f e)ve‘r !MK) epiartei page's, 
e*enitains the* gloss:ii*y ami we)rel e*oue*orelane*e' whilst 
the smalle*r supple*me*ntary ve)Iunie' e*e)ntains a ve*rse- 
concordaiK'f* to the* thre*e* e'elitiems by Mae'an, \bill(*rs 
ami Mohl. The* work has ])e*(‘ii publislu'el by the 
‘Ne»tjre*me‘iii.se‘haft’ of (ic?‘man Sciciie*e* in assex'iation, 
with the* (je'rmau ( )rie*nt So4*ie‘ty, who have kindly 
pre*S4*nte*d the* lh)yal Asialii* Si>e*ie*ty of lii ngal with 
a eaepy e>f the*se* most valuable* volume's. 

Indian Chemical Society 

J. M. l)\s-e;n*rA Mkmokiai- Mkdal 

Applie'alions are* invite'el for the* above golel 
UK'elal for fi'e»m re*se*are*h e*he‘mists e)f any age*. 

The* awarel will be made* «m unpublishe*el re*s(*are*he's 
and or eni imle'pemii iit ])ai)e‘rs publishe*d in the* 
Jfunmil e)f the* Imlian (’lie*mie*al Soe*ie*ty l>y the* 
e'anelielate's elmiiig the* years iJCJlJ A' Applie*a- 

tiems te»ge*lhe*r with fe>iir ce)|>ie*s e)f e'ae'h re'print eu* 
type'writte n pape*r sheuilel re*ae*h the* Ile>ny. Sce*retary 
ne)t later than JDlh Se*pte*mbe*r l!tJ7. 

SlIJ I*. (\ IiAV 7(Mh IburilOAV <’e).MMKMe)I.*A rie».N 
Mkmal 

Applicatieens are* invite*el fremi re*se*are*h e*he*mists 
l)eh»w oO y(*ars e)f age* Ibr the abe)ve* e*e)mpe*titiem. 
Only iiide*pe*ndent pape*rs, whie*h have* be'cn pnblislu'd 
ill the* JiHfnntl ed' the* Imlian Fhe*mieal Seu'ie'ty 
during Itl.KI, will be* e‘ejn^ide*re el. 

Ap[)licalie)us te)ge*the*r with 3 ce>j)i(*s of re*pnnts 
of e*a<*h pape*r are* to r(*ac]i the* llemy. Soe*re*tary not 
later than IlOth Se*[)te*mbe'r lbo7. 

Kurthe*r particulars feu* the* abe>ve eompe'titions 
may be obtained from the lion. Secretary. 
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Cosmic Rays Thus Far- //?/ llan vy limrr Lvnmny 
IVoff'ssfu’ df PIfijsir.s, J^Nirersitff df ('Jfinifjd. If 7/// 
a fore f rant htj l^rdfvssor A. II. ('ddipUm. PiAtlishctl 
htj William Ik in man Lhl., Ldinldn. 

“The spotlight of pr<tf(*ssion;il scicMitiTu* MU(Miti(»u 
lik(‘ :ili olh(>r Iniinnii spotlitriits plays about on :i 
vast staj^v. It rests a inoinent here, a inoineiit 
then*. Just now eosmie nys are at its foeiis/’ 
writes PnJ'essor Lemon in tln‘ introduetion of his 
!iow book. Th(* author presents <*learly and eon- 
eist‘ly a hislory el th<* development of v'arious 
ideas retranlinir these* pem'lratiiij; radiations. Tlie 
style is simi)le ami tliere is no matliematies, the 
te(*bniealiti(*s eitlier beinji; avoided or explained by 
taking simple juiahjiriefs. 'I'he reader who kn()ws 
the sul)je<*t will find the !)ook enlertainiiio- and 
a few hours of interesting; study. 'Fhe illnsiratituis 
me done* by (-hi<'Iii liuslay, <d’ which then* is a 
^ood number in the book. It is to lx* noted that 
these typi<*al illustrations have now lx*eome a 
Vliaracteristie leature of the works publislH*d Ibr 
the new und(*rf;raduale eurrienhnn of tin* Lniversity 
of (■hieajio. They not only explain vividly the 
essential i)oints that oeeur in the t<!xt but taken 
tojjetlier form a pictorial commentary of tin* whole 
theme. 

The book is <livided into 1‘2 cha|)fers, the first 
three of which deal with the early history when 
cosmic rays were explain(*d as due to some un- 
known radioactive element iiresent in the atmos- 
phere. T'he first cliapter also iix'iitions dilferent 
tools sucli as Kh*ctroscop(*, (IcijjiT couulc*r and 
Wilson chamlx*!’ that wc* use in the (exploration 
of (*<ismie I'ays. 

I'he second chapter j;ives a history of tlic 
(*arly observations. The slijrht conductivity of 
atmosph(‘ric air whicli p<*rsisted when all other 
known <*auses of ioni/ation iiad been allow(‘d for 
or (‘rmnnat(‘d was deliuit(‘ly e.stabli.slH*d by Geital 
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in HH)0 and a y(*ar lat(*r by(\T. U. Wilson» wlio 
iiot<*d that from the time of (\mlomb onwards 
S(*veral invt'stii^ators had siispc'cted h*akay:(‘ in 
their elect ro.scopes to lx* due, in ])art, to tlx^ mys- 
terious (}iiaiili(‘s of the (*nvironment. As radio- 
activity was discover(*d only five or six years aj^o, 
the cause of tlx* h*akaj;e was at once ascribed 
to the trace's of radioactive material either in the 
ordinary surroundint; walls of' tin* c'(*ctroscope or 
in tin* atmosplx'n*. (i(‘ilal notictxl this h‘akat;e 
even in the* depths of salt miix's. 

In chapter I\" an account is ^iven of ( J(X‘k(‘rs 
first bidloon ascent in I1H)}I to study ho\v the ioniza- 
tion in a closi'd vesse*! varied witli tin* heio-ht. 
(i(“)ckers (»bservations were* soon fulhiwed by Ib'ss 
(awanh'd Nolx*! lhaze in IJflti for this work on 
coMni(‘. rays), lb* carri(‘d out m(‘asur(*ments up 
to a hei»:ht of ;>,()00 ft ‘insisting: that at these* 
lieijrhts contributions from the rocks must have 
vanishe'd and that any contribution from the* at- 
mosphe*re should have* de(‘lin(*el to a lary^e* dct^ree* 
witli the* decre*ase of its density ; he |X)slulate*d 
an orij;in tor the rays outside the plain't’. The* 
origin of this was ascribed to the* sun. Ihit then 
we are told thn*e padres ahead, “( hiriously (*nou<j:h, 
however, he (Hess) still ascribed this |x*n(*( rating 
radiation due to some unknown radio-active mate- 
rial/’ and a pa};e fiirtlier (|>. (>:>) that I Ie.*ss was op- 
posed to the coMuic oriniu of the rays and critie'ized 
Kolhbrsteu* who defmite'Iy postulated that “the* 
origin of the rays was not be soiij^ht aloiii; the 
line's of radio-aetivity”. Kven by t.ikin^ the; we»rd 
“(\>sinie’' which me*ant only the sun at tliat time 
the seipien(*e of id(‘as is rather coniplie*ate‘d and 
dillicult to fed low, as it appears from the* book 
that lle‘ss was haviny; two eepposite ieh'.'is at the 
same time ! It was .soon found that the*re 
was no diurnal variation of the* intensity of cosmic 
rays. Tin* sun was therefore eliminated as a 
possible place of ori<;in. 
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Not miicrh profrrc.ss was made during tli(‘ [XTiod 
lJ)14-‘2r) doe to tiui (ireat War. In Millikan 
joined the band of eosinie-iay workers. ‘Iliseon- 
ta^ions enthnsiasin, his fertile imagination, his 
ever sanguine assurama* of the snj)erior ueenraey 
of his interpn^tations tojr(*ther with the ilo«>:inatie 
style in which h<‘ phrases hi.^j writinjrs at once 
filled this field of study with a hosi of other 
workers and s(X)n resounded with th(‘ din of the 
battle”, lie found from experiments at diflcrent 
de|)ths of various lakes tliat |.h(‘r<‘ are some sliarp 
changes in the depth ionization enrve, which at 
once revealed that the eosmie rays were not of 
honiogeiKJons wavelength. 

No direct speetrinn of eosmie rays is possible ; 
their absorption en-enieieiit i.-^ the only elne. 
Compton, Dirac, and Xashiiia have suggested difle- 
rent n'lations betwixMi the ab^orption eo-<‘ttieients 
and the wavehnigth. These relati(ms iire empirieal 
rather than r.itional in their milnn* and so the 
wavelength of eosmie rays (h‘t<‘rmined fnmi 
their extrapolation cannot be n^lied upon. 

In Chaper VIII W(' found Dot la* and Kolhdrster 
m.akiiig ns(‘ of the (Jeiger eonnter to find the in- 
tensity of (‘osmie rays, 'riu'se investigators found 
that th(‘ jd)sorj)tion eo-ellieitmt of the eoineideiiee- 
prodneing particles was the saim* as the e<»smi(* 
radiations and snggest<*d that thi*s(* particles might 
be uhmtilied with the eosmie rays. This was tin; 
first experimental fact for the eor|)nsenIar hypo- 
thesis. 'fin* |)artieh*s shonid be ehargc'd, as oidy 
eharg<*d particles can produce ionization and there- 
Ibre, shonid be (h-Heeted by a <‘arth’s magnetic field. 
It was found that the intensity depended upon 
tln^ geomagiK'tie latitude. Tln's<' investigations, 
though difVering quantitatively, indicate that at 
least a part <d' the rays must consist of charged 
partieh*s. S(‘(‘ondaries whi<’h miglit lx* prodm*ed 
would not travel snlVieiently long to ])e deliceted by 
the magnetic field of the earth*. 

Coining from tin* intersteller spaei* the.se particles 
difVer in their intensity of penetration, ('omptoii has 
arranged them in tliree* groups. (Jronp \ with al])li:i 
particles, Group If with elotrons and positrons, and 


group C the most penetrating of ail with prot»>ns. 
lie has also snggest<'d that the (U'igin <»f tlwsr rays 
may be due to the mitbnrsts of stars. If tln's<* art* 
charged particles thi*n they w«udd lag Ix'hind ordi- 
nary light waves and less em*rg< tie parlieh*s will 
lag more. ‘On such jtmrneys varitnis ehai'ged parti- 
cles will be automatically sorted oul.aiid if (h'tfctabh^ 
and if originating in Nova would tli(*mselves provide 
conclusive proof of thi* faet of their tuigin.’ 

In search of cosmic rays seionlisis have di^eo- 
vered many things of fnndani(*n(al importaiiei* ; in 
faet the discovery of positron was dm* to eosmie 
rays. 

The last chapter d(*als with tin* w<n’k of (’omptoii 
which shows a small periixlie variation in the int(*n- 
sity of eosmie rays and the period is tin* sidereal day. 
'riiis variation is explained as an elVeet of the rota- 
tion (d’ tin* Milky W'ay. 

A list is atla(*ln*d in tin* end in wliieh nationalities 
of dillerent seit'utisls him* giv(*n. It i*. intere sting to 
in)te that out of a total (d‘ SS iii\ e>tig:»teu‘s wlni aehe- 
ived conspie'iioiis results .'U an‘ Ameri<*an, 17 are 
(Tcrmaii, and Df are Knglish. 

Then* is, hnwev«*r no mention of tin* longitudinal 
eileet t>f eosmie ra>s, found by Millikun, in tin* hoe>k. 
Ill spile* of this the author’s inodrst el.iim to present 
a bird’s i*yevi(*w of the whole subject has Ix'cn more 
than sin*eessfnl. 

liinjj Das (tajtla. 

Laboratory Method of Orgciiiic Chemistry — //// /.. 
(iaffenaatin (rrrisnl hif //. W'f'rlatal). DH17. r,!. 
,/■/'/ t Dtthlisifful laj ManaUfan <(’■ in. Lid., 

Lnadna. Dr ire IS sh, 

’rids is -one of the hest books on |>r:n'ti<'al tu*ga- 
ide chemistry and students of eh(*mistry all oV(*r the 
world are familiar with it. ’rin* pr(*^ent edition, 
whii’h is the 2^th, iin*orporates many useful addi- 
tions and noteworthy ^•h:lnges. In the analytical 
sc<*tion, tin* usual maerti-methods have b(‘(*n ri'plaeed 
by semi-miero-niethods (oi* ‘meso-analyti(‘ar me- 
tlnids, as the author calls them). ’Fin* latter are 
modiiieations of the well-known DregTs miero-me- 
lhodi$ ami have been employed in the chemical labo- 
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ratory tla* liavai iaii Acatloiuy of Srioiicos with 
vory salisfaclniy n'sijlts. InijiroviHl ni(‘t.h(){ls are 
also nivcii for tin* ih^tcrminations (if other orjraiiit? 
radicals. A very interest iny: feature of this edition 
is the inf rodiielion of eiu'oniatoy:i’a|))iie adsorption of 
pijrnHMits, which has attained considerable iinpor- 
tanc(‘ of lal(‘. Th(‘ tlu'ondical principles involved 
in the preparation of various synth(‘tic substances 
^(M vc a very nsid’id purpose, as it prevents the stu- 
dents from ])einy: too nuM'lianical. 

I\ K. R 

An Introduction to Anthropology — /*// Uahhat /uv- 
sftHu Mnifflfil (intI .]finnnlrfi \nlh IhisH, PnhUshnl 

hff the Pool, OoHjunfif Ltd., Oih nlta, Hh'tfi, 

'riiisboolv is nu'ant for IntcTUK'diate studiMits and 
th(‘ autliors have attempted to deal within the .span 
of a simdl volume subjects such as zoolojry (Primate 
j;Ton|)), anatomy, prehistoric archa(‘oloy:y, sociolo<;y, 
religion, cl('. This has resulted in the book liavinj^ 
th(* a]ii)('arauc(* of a printed edit ion of class notes. 
1'h(‘ book is inadeijuately illustrated, specially in the 
chajitcr of anatomy. The absence of illustrations of 
racial types in an anthropological textbook is 
unfortuuat(\ 'I'lie book contains a number of mis- 
takes and inisstatiMnenfs many of which cannot be 
print(*r s (*rrors and the authors hav(* not publi.shed 
any errata. On payie (I it has b<‘en stated that “the 
study of man will enable us to y:uide.., towards pro- 
diicinjx siipcrioi' races”. What do the authors mean 
by superior races? On pajres and It) tlie order 


Jh'prolodoHtifi has l)(?en Dijphndontia, On page 10 
they have cited the Kangaroos as examiiles of 
Tlieria which would liave been the best (‘xample of 
Diprolodonlia. Tarsins forms a separate suborder 
and is not under LrntHroiden (p. 11). The fibula 
does not articulate with femur (p. 21). Weaving 
did n(»t begin with mats (p. 17) but probably from 
bask<‘try. fn describing the early types of man the 
authors have omitted a large numb(*r of important 
details and Houh‘ s argiinuaits regarding the status 
of PithoruHihropHs have be(*n ambiguously stat<’d 
(p. oO). On ])ageSl one is shockeil to read that the 
Kordics poss<‘ss iiK'socc'phalic heads only ! The 
authors apiiear to have taken tin* range of indice.s 
from lladdoids The Pares (tf Man ((^imbride, 
p. 2f)) but lh(‘y liav(‘ omitted the word “long” 
before mesoc(‘phalic. ^Phe aiit hors^stat/anents, “In 
India polygamy pn'vails (*V(‘ry where. It is still 
found among tin* Kiilin nrahmans of Bmigal”, are 
too g(‘neraliz(‘d. Some of tin* caus(*s of ])olygamy 
accepted by authors havi* yet to be ])rov(‘d. On 
pag(* 1 b‘) tin* Pmjnffi point of the skull is described 
as “tlie meeting point of th(‘ frontal with the parit'- 
tal bombs’’ and there are a large number of simlhir 
ini.stakes. 

The authors have' made a laudable atteinjit and 
it is hoped that they will improve th(‘ ))ook in its 
next edition together with an ind(‘x and bibliography. 
An immediate* publication of detailed errata is 
iH'cessary. Tlie revi(‘wer b'cls that anthropology, if 
it has to be taught in tin* Intermediate elas.s(*s, can 
hardly be covered by a single volume. The text 
books should be writt(‘n in parts as we have in 
physics. 
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Syntheses in I lyclro-nronicitic Scries 
- H new route to Plicnuntlirene 

Synthesis of 2-|)h(*iiyl- cyclohexyl acetic acin for the syii- 
thesis of plieiinnthrcMie was published in this journal in the 
form of a note* before the paper* of Cook, llcwett and 
Lawrence came out. In fact, the latter workers, in all fair- 
ness, made mention of 2-phenyi-cyclohe\>l acetic acid of 
the present author in their paper {loc. cit.). 



2 


f I) 

By the condensaliou of . 1' cyclohcxen a<’etic aci<l (T) 
with beii/eiie in presence of nliiinininm chloride, at the 
ordinary leinpcratnre (25-35*C), tin? jircscnt author obtain- 
ed an acid, the constitution* of which may \w (II) or (III) 



(IT) 

The (piestion of mij^ration of the phenyl groii]) to the 
position 4 of the cvchihexan nucleus, in the above con- 
densation, as a result of which the product should have the 
structure of 4 phenyl cyclohexyl- 1 -acetic acid, has been 
dealt with by Prof. Cook* in a discussion of certain i)a]>ers 
of the London Chemical Society. This does not seem plau- 
sible for .several reasons. 


It has been found that the condensation product of - 1' 
cycloliexen acetic acid with be /cue is idi'iitical witli the 
condensation product of the bcxa-liyilro couiiirirjni(*nc and 
benzene in presence -of alumininm hhiride. The identity 



( ni) 

of the products was jccorded in this joui nal {loc. cit.) ]>y 
mixed m. p. of the amides of the acids of the above conden- 
sations. The boilmj; points of the esters an«l aei<l chlorides 
of the nci<ls were* also compared. 

It has also been obsciNcd that tlic acids in tin* above con- 
densations );ive on cvclo-dclivdi alion in presence ()f cone. 
IljSO^ or n,S()^, tin* .same ketone m ]). IV). 

The oxime of the ketone melts atlTn-irr®. This keto>»e 
and oxime happen to be the same as obt.'iiiied by Cook and 
others {IvCtCit.) by riiiji; closure of a 2-plitMiyl c\ clobcxyl 
acetic acitl (m. p. ()2-S|‘’C) obtained by a iliirercnt method. 



I fence it appears that the aeid of the present author has 
the con.stitiition (II) and is the same as the lower nieUinjj; 
acid f02 84" m. p.) of Cook and others. 
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The d(»uM ns to the* exact constitution of the product of 
the above condensations was line perhaps to the difference 
in incltinj' points of the acid of the present author and that 
of Cook, Ilewett and Lawrence {loc. cit.)^ The fuelling 
jioint of the acid as };ive!i by the present author was b*>-70* 
while that given for Cook’s ficiil was 02-84*. It may be 
])oint(Ml out here that no mixed m.p. of the acids of the 
jirescnt author obtained by the two different condensations 
was mentioned in the paper. The mixed melting point 
of the acids was not observed as they did not have .sharp 
melting points. The exact experiinefital conditions will he 
]>nhlished elsewhere. 

My best thanks are due to Sir T. C. Ray for his kind 
encouragement in this irivc.stigation. 

I'alit Laboratory of Chemi.stry, 
rniversity College of Science. 

D2, r])p(T Circular Road, Ranajit Cdiosli. 

Calcutta. 
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Vitamin R,- and R^-content of the 
Jack-fruit Seeds 

The ripe jack-fmit seeds are largely n.sed in the culinary 
])re]iarations of rural Hengal. The seeds have got a thin, 
almost transparent, stiff outer coating and beneath it there 
is a very thin reddish-brown sheatli jii.st like the coating of 
the rice grain. Owing to the large seasonal con.sumption 
of these seeds and particularly due to its close re.semblance 
wilh the rice grains it was thought worth while to investi- 
gate the vitamin B-coiitent of tlic jack-fruit .seeds. Method : 
For the assay of vitamins IL and H, the biological method 
of estimation wilh young albino rats, as modilied by t^uha 
and Chakra vorti* was followed. 

(a) 1‘ive rats of each group, deficient in vitamins Bj 
and B, respectively, were feri with 2 grams of the .seeds 
daily for tliroe weeks and their average weekly growths 
were determined. 

(/>) An aeiil aqueous alcoholic extract of the ripe jack- 
fruit .'^eeds prepared according to the following method was 
also fed to the vitamin Bi-and B, -deficient rats and the 
average weekly growth of each group of test aiiitiials was 
ascertained. 


1800 g. of the roughly powdered ripe jack-fruit seeds 
were refluxed for three hours on the water-hath with a 
mixture of 3200 c. c. rectified .spirit, 800 c c. distilled water 
.and 40 c. c. strong hydrochloric acid. The reddish-brown 
li(|uid was passed through twill cloth and it was then con- 
centrated to a .small volume in vacuum on the watcr-hath. 
With the addition of a few c. c. of dilute caustic soda solu- 
tion the pi I of the concentrate was raised to 5. It was then 
filtered and the volume of the filtrate was made up to 500 
c. c. This concentrate was preserved in the cold and used 
in the feeding tests. i 2 c. e. of the concentrate w’ere admi- 
nistered to each rat daily - 1 c. c. coriesponding to 3. b g. 
of the seeds. 

(a) The feeding of the .seeds produced an average 
weekly growth cd 1. 9 g in B| -deficient rats and of 3'8 g. 
in Di- deficient animals. Thii.s, 100 g. of the seeds con- 
tained 9 . 5 unit.s of vitamin B| and 19 units of vitamin 
B, (as defined by Gidia and Chakravorti*). 

(ft) The feeding of the extract produced an average 
weekly growth of 4. 3 g. in IL-deficient animals and 7. 5 
g. in Rj-deficient animals. 100 g. of the seeds, thus, contain- 
ed 5. 9 units of vitamin B| and 10*4 units of viUmin B,. 

The above results itidic.ate that the ripe jack-fruit .seeds 
are not a negligible source of the B-vitnmins, particularly 
in consideration of their large consumption. The vitamin 
B, content of the .seeds is almost twice as much a.s their 
vitamin B,-cont(*nt. The method of extraction used did 
not apparently extract the vitamins snificicntly. 

My thanks are due to ^Tr. M. Roy for his o ireful super- 
vision of the test animals. 

Biochemical Laboratory, H. (L Biswas. 

Bengal Chemical & Pharmaceutical Works Ltd., 

Calcutta. 

21.5..57. 

1. Indian Journ. Med. 20, 1045. 

2. Ibid, 27, 211. 


StuJics in Dchydroiicnation- 
Synllicsis of 2 ; '5-Cyclopontcno-Plicnanthrenc. 

The selenium dehydrogenation of conqilex spiro-hydro- 
carbons has been undertaken. By an extension of the 
method* developed by the author for the .synthesis of spiro- 
hydrocarbon.s, b : 7-cvclopenteiio-l : 2 : 3 ; 4-fetraliydronaph- 
thaleiic-2 : 2 spiro cyclopentaiie has been synthesised and its 
dehydrogenation studied. P'or the synthesis of this spiran, 
the anhydride of cyclopeiitane-l carboxy-1 -acetic acid wa.s 
condensed with hydrindene in presence of aluminium chlo- 
ride forming mainlv ao-cyclopentatie-^-5-hydniidoyl pro- 
pionic acid (m. p, 140-141®), which on Cleinnien.sen reduction 
gave aa-cyclopentane-T-S-hydrindyl butyric acid (104-105®). 
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This y-aryl butyric acid on cycli/.ation with HSjt sulpliiiric 
acid gave the linear product* 6 : 7-cyclopetjteno-l-keto-l : 2 
3 : 4-tetrahydronaplilhalciie-2 : 2-»piro*cyclopentane (m. p. 
98-99*), the latter was re<lucwd by the Clcninienseii method 
to 6 : 7-cyclopenteno-1 : 2 ; 3 : 4 tctrahydronaphthalpno 2 ; 2- 
spiro-cyclopentane (in. p. 04-05®), Selenium dehydrogena- 
tion of this spiro-hydrocarbon was attended with ring 
transformation and was expected to form either 2 : 3-eyelo- 
penteno-phenauthrene or 2 :3-cyclopenteuo-antliracene. The 
dehydrogenation product was obtainerl as a li<jui<l giving a 
picrate (ni.p. 149-150®) and trinitrobeii/eiic complex (in. p. 
128-129®). In order to identify the dehydrogenation product 
a rational .synthe.sis of 2 : 3-cyclopentenopheiKinthreiie was 
carried out according to the following scheme. The anhy- 
dride of /r-cyclopentene-1 : 2-dicarl)oxyHc acid condensed 
with naphthalene giving a mixture of «- and /I-naphthoyl- 
cyclopentene carboxy acid.s, the mixture of the keto acids 
was reduced by the Cleniiueiiscn method giving a mixture 
of naphthyl cyclopentenc-carboxylic acids, \\hich on cycli- 
/.Ttion and reduction gave 2 : 3-cvclop^"nlenO’ 1 ; 4-dihydro- 
phenantlireiie. This hydrocarbon on seleiiinin <le1iydiogc- 
nation gave 2 : 3-cyclopenleno-phenanlhreiie. 

Tire hy<lrocarbon thus syntbcsl/,e<l crystalli/ed in stout 
needlc.s (ni. p. 84®) and its picrate (m. p. 157®) and trini- 
trobenz-eue complex (m. p. 1«»2-lb3®) were f<niud to be 
diflerent from those of the dehydrogenation prf»dnctof the 
spiran. So in all probability 2 : i-cvclojx-nteno-nnlbracene 
was formed by ring transformation of the spiro-liydro- 
carbon. 

The author has great pleasure in expressing his indebt- 
edness to Dr ). C. Bardban for his constant and keen 
interest in lire present series of investigations. 

Chemical laboratory, S. C. Seugupta. 

Vresidcncy College, Calcutta. 

12. 6. 37. 

1. J, Indian Chen, Soc., 389,1934; Current Science^ .5, 295 

2. Current Science, 5, 133. 


Selenium DehydrocjcrKition of Tetrulivdroncipli- 
fhcilenc-.spiro-("ycIohex(jnc Derivutives 

The selenium dehydrogenation of I : 2 : 3 : 4-letrahydro- 
naphthalenc-2 : 2-spiro eyclohexane, 7-metliyl-1 : 2 : 3 : 4- 
tetrahydronaplitlialene-2 2 ;apiro-cyclohexane and 7-ethyl- 1 : 
2:3: 4-tetrahydronaphtlialcne- 2 : 2-spiro-cyclohexane have 
been studied. It was found that during dehydrogenation 
ring transformation occurred with the formation of phenan- 
threne, 3-niethy1-and 3-ethyl-phenanthreiie respectively. 
The equally expected anthracene derivatives that might 


have been formed by ring transforniation couhl not be 
detected in the dehydrogenation prodmis. It might be 
mentioned here that both phenantlircMie and anthtacene 
were obtained by the selenium dehy<!rogcnafion of tetr.'iby* 
dronaphtbaleiic-.spiro-cyclopenlane*. It is c\i<]cnt thnl a 
lo.s.s of one c.arbon atom took place iliinng dehydrogena- 
tion*. 

These three spiro-hydrocarbons have been syiitheseizd 
by an extension of the mrthoil <levebip*'(I by the author*. 
The anhydride of cyclohcxanc-l-c.arboxy-1 -acetic aci«l 
condensed with ben/ene, toluene, and etlnl benzene by the 
Friedcl-Crafts reaction forming m«-cvcloliexane-/J ben/oyb 
propionic acid (m, p. 117-11S®), mi-eyclohexane-/^-(|) toln- 
oyl) propionic acid (12‘)-130®), and oa-cyelohexane/^- 
(p-ethyl)-ben7.oyl propionic acid (in. p. 1 1 7-118®) respecti- 
vely. These three koto acids were reduced by the Cleininen- 
son method giving <m-cyclohcxanc-T-phenvl butyric acid 
(ill. p. *>!•), mi-cyclolicxaiie-3'-p-to1yl-l)Utyric acid (m. p 
99-100®), ami « a-cvelohexane /^ (p ethyl) phenyl butyric 
acid (m. p. 87 88®). These y-aryl butyric acids on cvcli'/a- 
tion with 859i sulphuric acid i^ave rcs|>ectively 1-kcto-1 : 2 
3 : 4 letrabydronaplilbalene 3 : 2-.s]>iroryclobcxane (b. p. 
145®/3mm), l-kcto-7-uietbyl-l : 2 : .1 : 4-telraliydronaplitlia- 
lcnc-2 : 2-spirocyclohcxane (b. p. 1 58-1f)0®/4miii.) and 
7 elhyl-l :2: 3 : 4-tetiaby«b()napbl!ialcne-2 ; 2 .spirocyclo- 
hcxanc b. p. 195.p)7®/9tnin.). The spiro-ketones on reduc- 
tion by the Clenimensen nielhc>il fnrni.slied the rerjntred 
spiro-bydrocarbons. 

The author desires to e\]>ress bis grateful thanks to 
Dr J. C. Banlban for his ke<‘n inlerest in this inve.stigation, 

Cheinical balioratoi v, S. C. Seugupta. 

Pre.sideiicy College, Calcutta. 

12. h. 37. 

1. J. Indian Chem. Soc,, 389, p)34, 

2. Coinjiare, Cook ami llewctt, J, Chem. Soc., 360, 1934, 


On the Oinstilulion of "Z^rtostenone”, a Keto- 
CompoLind rclutcci to Stcrol.s, present in tlic 
Indkin Suiiiiiicr rmil Artocaipus Jntcgrifolia 

By working up the unsapoiiifiable matter of the milky 
juice coming through tlie laliciferous vessels of the freshly 
cut ripe fruit Artocarpnn In tefp i folia, it has been possible 
to isolate a solid ketone of the formula C,o lUoD, related 
to the slcnones. The ketone forms beautiful crystals in the 
form of thick plates from alcohol-ethylacclate-benzeiie mix' 
lure (3:2: 1 ) ; and the name ‘Artosteuoiie’ has been pro- 
posed for the substance. 
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rjtopiiRTiKS (Chkmicai, & Physical) 

Artostenone has a very sharp nieltiti^ point, 1C9® and is 
highly soluble in most of Ihc organic solvents. It is dextro- 

29 

rotatory ami has a low specific rotation of [<t] =+19. 86 and 

D 

-f- 2.V44 in absolute alcohol and chloroform respectively. 
Density of artostenone as obtained by Retger’s method of 
suspension is 1.08. The iiiolcctilar weight as fletcrinined 
by cryoscopic method with benzene as solvent, has been 
fouml to be 407 ; and the molecular elementary composition 
for carbon and hydrogen, as obtained b}’ Pregl’s micro- 
method, suggests that the molecular weight is 426. 

The crystallographic investigation by means of X-ra\s 
also corroborates this value, which gives 424 as the mole- 
eiilar weight for artostenone. Arto.stemme in alcoholic 
.solution shows a strong ultraviolet absorption band at 287 
ni where the molar extinction co efficient is .i2. 40. Tt 
gives some of the characteristic colour reactions for .sterols. 
The Kahlenberg’s reaction which was supposed to be .spe- 
cific for argosterol has also been shown by artostenone. It 
gives beautiful needle-shaped crystals of monoxime, in. p. 
175* and fine semicarbazonc melting at 202 *-203*. 

Unsaturation 

Artosteiioue is an unsaturated coiiipouiid with but one 
double bond in it. The number of bromine atoms which 
enter a molecule of arto.steTione, on broiiiinatioii in carbon 
tetrachloride .solution, is four. Two of these bromine atoms 
enter the molecule by substitution and the remaining two 
by addition. The bromo-compound with four bromine 
atoms has been isolated, and the percentage of bromine, 
as determined by the method of Piria and Schiff, is 43. 4. 
The correctness of the formula CjoIlj^O for artostenone 
has also been a.ssured from the combu.stion figures for car- 
bon and hydrogen cif this tetrabroino-compound. The 
iodine value of artostenone according to a modified Hanu’s 
method is 60.2, one double bond requiring 61. 6 as the 
iodine value. 

Rkduction 

Artostenone is transformed into a saturated com])ound 
artostanone (di-hydro artostenone), by method of WilLstfit- 
tcr’s catalytic hydrogenation with Pt black as catalyst pre- 
pared according to a modified method. The method of 
direct hydrogenation only .saturates the double bond and 
this within 45 minutes but retains the keto group unchang- 
ed. Artostanone, C,oHnO, niells at 106*.107® and forms 
a fine oxime of melting point 193*-94*. 

On saturating the double bond the ketonic absorption i.s 
not displaced but the corresponding extinction co-efficient 
is raised to 53. 70. 


By rervdVn ^iih ft d’l in rr.d dl }1 aU« 1 ol » il< Mr i ( i e 
is converted to artostenol, the double bond remaining 
intact. Artostenol melts at 100®- 107* and it.s acetyl deriva- 
tive has a melting point of 1 19*-20*. 

Artostenone differs from cholestenone in its reaction 
with sodium and amyl alcohol. The double bond remains 
as it is and the same j»rodnct as with sodium and ethyl al- 
cohol is obtaineil. Ultraviolet absorption spectrum of artos- 
tenol .shows but general absorption. 

The behaviour of artostenone towards Clenimensen’s 
reagent is very peculiar. Artostenone rem.'uns unchanged 
even after refluxing for 56 hours with this reagent. The 
product gives an oxime of the same melting point as that 
from artostenone. 

Kishiicr-Wolfl’s inelhod of reduction also proverl un- 
succe.ssfiil in the Ctise of artostenone. The saturated hydro- 
carbon C,oH ,4 has however been ol>tained by the reduc- 
tion of the saturated compound artostanone, according to 
the method of Kishner and Wolff. Artostime melts at 101® 
and forms brown necdle-.sliaped crystals from ethereal 
.solution, melting at lf>3® with d compo.sition. 

Oxidation 

Oxidation of artostenone by means of both neutral and 
acid permanganate in acetone .solution results in the for- 
mation of di-keto acid (di-keto artostanic acid) of the 
formula C,oHjo 04 which melts at 13<>®. The molecular 
weight of this acid as determined by cryscopic method, 
willi benzene as solvent, is 152 ; the formula rcriiiires 458 
as the molecular weight. This acid forms fine crystals of 
dioxiinc melting at 173® and anilide of melting point. 110®. 

By means of oxidation with strong nitric aciil a nilro- 
acid i.s obtained which contains two condensed rings in tlic 
molecule. The acid melts at 157®-] 58® with decomposition. 
The molecular weight as determined by cry.scopic mctliod 
is 229. 

The method of oxidation of di-hydro arlo.stenone with 
chroniiiini trioxide in boiling acetic acid solution, gives a 
keto-acid, C,o H,* O. ( ?) of melting point 

88®-89®. 

Isomkri/ation 

Alcoholic solution of sulphuric acid (S%) converts 
artostenone into an isomeric compound, ^.artostenone, 
m.p. 99®. The product still contains the double bond and 
forms oxime which melts at 193®-94®. 

That the tautoiiierisiii of the double bond lakes place in 
the reaction is evident from the fact that x-artosleiione 
does not condense with beiizaldehyde, wlicrc.-is the reaction 
product obtained after treatment with alcoholic sulphuric 
acid, forms henzylideiie compound under identical condi- 
tions. A condensation product with henzaldchy<le has also 
been obtained with di-hydro artostenone. 
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pROPOSKl) STRUCTURK 

On tho basis of the experimental results and evidences 
both chemical and physical, as wilt shortly be published 
elsewhere, it has been possible to establish beyond doubt 
that the double bond in the artostenone molecule is in a-fi 
position with respect to the keto-j'roup. It has also been 
suj^^^ested that there arc four condensed line's (a pentano- 
phenanthreiic j^roupin^r) in the aVtostenone molecule 
ami both the carbonyl group and the unsaturated linking are 
locate<l in the third ring as indicated below, and occupy 
the positions C|, and C,:i, respectively. 

The two homeless carbon atoms, are on analogy with 
other sterols and stenones, assigned to the positions C,o 
and Cl,. 

The structure of artostenone thus stands as : 


Still further evidence has lately been obtained in the 
following way. Chloroform extracts of dried cabbage 
were evaporated at n)om temperature (25®) and laktMi up 
ill aqueous .suspension. These did not give any inib>])hetiol 
titre, showing the absence of ascorbic acid. The aipieons 
suspensions after beating in nilrogiii, however, reduced 
the dye and a large part of this reducing value disappearetl 
on subjecting the heated extracts to the action of ascorbic 
acid oxidase (prepared from white gourd) at pll 5.b at 40® 
for half an hour, as shown in the following table. The oxidase 
preparation itself gave no reducing value on incubation. 
This shows that at least a large part of the reducing value 
obtained on heating is to he attributed to ascorbic acid or 
some similar reducing substance, produced on heating, 
which is oxidized by the ascorbic acid oxida.se. 

1‘ignres are given in ingiii. ascorbic acid per 4 g. 
drieil cabbage 


CO 
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C,,H,,0 (Artostenone) 

Hiocheinisty Section, Madhabchandra Nath. 

Cliemical Laboratories, 

Dacca l'iiiver.siiy. 

1 3. b. 37. 


Stcite of 7i.scoric 7kicl in Plcint Ti.ssues 

Klscwbere' we have given evidence to show that part 
of the ascorbic acid in calibage is probably pre.seiit in a 
combined stat.* Tliis was based on the observation that 
alcoholic and ethereal extracts of dried cabliage gave 
increased imlophenol-rcdiicing value on heating. Ascorbic 
aciil oxida.se could possibly play no part in the.se reactions 
and thus no support was lent to M.ick's* coiilentioii that 
the whole of the increase in ascorbic acid value ubscrveil 
on heating cabbage is to be attributed to the thermal 
destruction of the oxidase. Further evidence* for our 
view has been afforcled by the observat on that treatment 
of cabbage extract with hydrogen sulphide in the hoi 
condition gives a higher inilophenol titre than similar 
treatment in the cold. This can hardly be explained on the 
ba.sis of the oxidase theory. 


! Heated chloroform extract | 



Before action 
of oxidase. 

After actioi 
of oxidase. 

Percentageof sub- 
stance oxidized. 

Experiment 1. 

0.0416 

0.0118 

70.6 

.. 2.1 

0.0346 

0.0110 

68.5 

3. 

0.0378 

0.0120 

66.0 


Mack and Tressler* have now' acknowledged that there is 
a small tnrrea.se in reducing value on heating, which cannot 
be explained by the oxida.se theory, but they consider that 
the reducing substance formetl is probably not a.scorbic 
acid but some other reducing substance which may he pro- 
duced by heat from the dehydrojLscorbic acid present. We 
had, however, already carried out experiments to show that 
the rhlorofonn extracts of the dried cabbage did not contain 
aiiv debydroascorhic acid, as cobl treatment with hydrogen 
sulphide did not produce any dye reducing substance. So 
the forma'ion of some reducing .substance from dehydro- 
aseorbic acid does not arise in this connection. 

Of the solvents, ether, benzene, acetone and diloroform, 
the last has been found to be the best extractant for 
combined ascorbic aci«l from dried cabbage. The air dried 
chloroform extract on being treateil with water yields this 
siihstaiice into the aqueous portion wl^erebv very consi- 
derable concentration may l )0 effected. 

Finally it should he st.ated that the action of the ascor- 
bic acid oxidase on rhlorf)fi>rni extracts, referred to above, 
may not be regarded as entirely specific for ascorbic acid as 
other structurally similar bodies may also be oxidized by the 
enzyme. Kiological experiments are in progress in order 

{Continual on p, OS at the end of the second column). 
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i\fit *1. II. Ffr:rji 

\Vv mourn tim loss of Mr J. H. Fiold, m. a., 
s. I., who wjis tho lu'jul of t.lu‘ Imliji Motoorolojji- 
ml Dopsirlinoiit from Ocinhcr ID- 1 to Mnivli 
when ho rctirod after (•om|>lotiiitr his jjllicud oaroor 
(if over years as a nu'teorolojrist. He had last 
y<‘ar niid(‘rtr‘»ne a severe epcM'atien, hut the eharae- 
teristie fortitude* with whieh In* faced the ord(*al ami 
the* rapidity with whieh he regained liis former 
h(*alth made his numerous frie'iids in India fondly 
hop(* that In* would yet he spared many more years 
to furthiu* tin* eanse of melcMjrolojry. ^rin* unexp(‘eted 
news of his death, therefore, lias caused a sense* of 
^ivat personal loss to many in tin* Indian seientifie 
world. 

In his school days Mr Field stmli(‘d elassi<*s, 
and the mental ^liseiplim* he thus a(*(iuired urjri'd 
him on always to make a passionat<* hid for in(*tienh 
ous aeeiiraey in whatever he <lid or attempted in 
maturer years. After fiiiishiiiir his school ear<*c*r, he 
studied electrical enjrineerinj;. The IJoer War was, 
how(‘ver, responsible for a temjiorary break in his 
ear(*er. He went to South Africa and the y(iun<r 
scientist soon earned praise for himself in tin* 
Klec'trical Section of the Royal Enj^ineers by (l(*vis- 
in^ an automatic* alarm fence which, on conta(*t, lit 
Hares and ran;; alarms in block ho'ises. After the 
cfinclusion of the Boer War, Mr Field returned to 
En;;Iand to complete his studies at (^imbrid;;c. At 
about this time meteorology was y;radually emcr^in;; 
from the amat<Mir sta;j:e. Tlio need for men ^dth 
proper scientilie triiinin;; to study tin* intricate 
p-oblems of the weather be<*ame more and more 
apparent in tin* advanced countries, and in India 
also there was this ])ha.se of evolution. It was at 
the time of Sir John Eliot that (jovermnent first 
decided to let the M(‘t(*orologieal Department recruit 
a few well-qualiHed sei(»nce graduates to assist the 
Direetor-Geiicral of Ob.servatori(‘s. Mr Field was 


one of the first n'crnits under this scheme. Before 
he came out to India in December IfItH, betook 
(*are to (*(piip himself well for the task ahead. In 
order to gain liist-hand information of the intri- 
cacies of upper air sounding.s he und(;rtooka balloon 



Mr J. H. Field 

voyage at Lindenberg and also learnt the technique 
of kite flying. At that time Mr W. H. Dines had 
just .started hi.s, now famous, upper air investiga- 
tions in England and Mr Ei(*ld was not slow to 
realizi! the value of this important work. He dcvotcnl 
soim* time with Mr Dines to gain an insight into the 
in-oblems of the upper air. It is probably correct 
to say that in India Mr Field was the first to send 
up kites fitted with temperature and humidity 
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recording instnimonfca. In 1900, wliile testing his 
kite-winch inacliines at Karachi, aMi* Field discover- 
ed that above th(^ surface layer of moist air in that 
rc‘gioii there was a dry and warm current. Durii^g 
tlie next two years, kite cxiaaimcMils w<‘re under- 
taken at 1h‘Igaum. Mr Fi(*ld was not satislie<I with 
these desultory observations apd took short leave 
for a voyage across the Hay of Heiigal with a vi«‘W 
to carry out upper air souialings in that grt^at 
laboratory of Indian cyclones. It was always a 
pleasure to listtai to the various anecdotes of his 
tpiaint experiences wldle Hying kites at various 
plac<‘s. 

One of the greatest ])j‘aclieal diHieiilties in a 
MeteonHogieal DepartnuMit is tin* reconciliation 
between the demands of administration and research. 
Tln^ country- wide organization which has to be. set 
up f(»r observation and coll<‘ction of data involves 
heavy administrative! duties. Again, tlie collation 
and interpr(*tation of tin* data so collected require 
sustained scientilit* study and discussion, 'rhere is, 
therefore, always tin* risk of administration chmding 
])urely scientirn*. issues. Mr Fi<*ld, as a born experi- 
nn*ntalist, had to struggle hard betw(*eu his (»wn 
natural inclination of working in laboratories and 
wenkshops and the high s(*nse e»f iidministrative 
res[)onsibility as an oHicer of the department. He, 
howevc*r, never eemld forget his goal, namely, ui)p<*r 
air r(*search and amid his less interesting administra- 
tive duties managed to improvis<* a small workshop 
in Simla. In this ill-eijuipped place he desiginsl 
some very light nrording iii^trunn*nts for n.se with 
his kites. This wais a notew'orthy acliievement. He 
also ov(*rcanic serious dilliculties in the measurement 
of WMiuls aloft under ludiau coiulitions. 'lln* rubber 
balloons used in Kurope rapidly det(*riorat<*d in the 
tropics. After a very pati<*nt testing oT various 
kinds of materials he j^ubstituted gutta-per(*ha and 
celluloid bali(>ons in j)lace of nd)ber. Jfis activities, 
however, were perforce limitisl on account of 
rmaiicial ditUculties, as the (iovernment in those 
days was not in a position to realize the importance 
of upper air research. Things looked very gloomy 
indeed and between 1910-12 Mr Field, in sheer des- 


pair, was seriously contem])lating nvsignation. It 
was chiefly through the good oflices of tlie Royal 
Society through the Secretary of State lor India, 
that eventually three lakhs of rnp(*<‘s W(*re sauetioned 
speeilieally for upp«»r air r(‘S(‘arel» and Mr Field 
selected Agra as the venue for his (*xp«*rimental and 
itivestigatioual aetiviti<'s. 1'his is tin* history <if the 
establishm(*iit of tin* Aerological Observatory :it 
Agra in 1 9 1 4 with Mr Field as its Hist director. It 
was here that his special aptitud(* for expcrim(‘iital 
W'ork found full scope and Mr Field laboured inces- 
santly for a deeadf* to adapt experimental methods 
of the West to suit Indian conditions, it is to him 
that wc owe the .s|)l(MKlid eollectioii of standard 
meteorolgieal data of the upper layers of the free 
atmosphere over India. liis investigations on the 
relation betAV(*cu tin* monsoon ami the upper winds 
and the standard cxposiin* of instiiimcnts in India 
will long be r(‘m(‘mbcr(‘d in tin* nieteorologi(*al 
bistory India. 

Mr Field’s activities w'cre interrupted by the 
(ireat War during, which la* went to Hritain and 
joined tin* Admiralty Research Station at Shandoij, 
Scotland. Here he d(*sigm*d an (*Ic<'lrieal depth 
recorder for paravams on mine sw'e(‘pi‘rs. After th<j 
eonelusioii of the War. Mr Fi(*ld n^tiirned to India 
and resum(‘d his iippcu* air investigations, fn 1 922 
his services had to be refiuisilioned in the Direetor- 
(leneral’s olliee at Simla. Mr Field knew' tiiat liis 
duties would be mainly administrative but did not 
flinch. On the contrary la* brought willi liim his 
impressive entimsiasm and eonvineing advocacy to 
lubricate the administrative machiue at Simla. Mr 
Field’s prc(le(*essor iu the oftiee of the l)ir(*etor- 
(leneral W'as Sir (Jilbert T. Walker, a mathemati- 
eiaii of repute, ruder Sir (iilb(*rt’s direction the 
mathematical and i)hysieal work done in the India 
Met<*orologieal l)e])arlmout had received w’orld-wido 
reeoguitioii. It was iu the Htia*ss of things tlieri'fore 
that, after tla! retirement of Sir Hilbert, the mantle 
of the l)ire<*.tor-(jeueralship fell on Mr Fa‘ld, a born 
oxperimeufalist. It is said that an ounce of fact is 
worth tons of theory and this attitude of mind domi- 
nated all actions of Mr ]<'icld as the l)irector-(5(*n(!- 
nil. His z(!al for exp(‘riniental work has be(*n (*mu- 
latc‘d by many of his stalV with the result that the 
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output ot‘ iiiipcr nir (lat:i of tlu* Indiii Motooroio^ieul 
Dopartinnit imw occiipit's an iinportaiit nicho in 
world iiK'tcornlotry. 

Ill order to appn*(*i:it(* fully the pioneering 
nature of th(‘ services nnidiM'ed by Mr Field to <lie 
cause of Indian ineP‘orolo«j:y, one has to reineinb(>r 
how lie successfully assumed I Ik* role of au ene:iuc(*r 
in connection with tin* niannfactun* of hydrogen at 
A^ra and liow his unfailinii; optimism Imni^ht him 
success at last. I l(‘re is an instance* of what persi*- 
veraiice*, (*uduraiK*(*, and pati('iic(* <*au do. 

As tin* |)irecior-( Jeneral, Mr h'ield at fciee set 
niit to reiiH'dy th<‘ painaty of <ra/et(ed stall' in th<‘ 
department. Ilis pn'decessors certainly Icit this 
handi(‘ap V(‘ry keenly but UK'teorolojry liad not tln*u 
<*onK* to the forefront. It was Mr Field's per- 
sonality, his convineinjj; arjjfnmcnis, imprc>sive 
enthusiasm ami pow<‘r of p(*rsuasion, aided by 
(iov(*rnment’s surplus bud<r<*ts at that time, that 
made* the authorities jxrant his demands. If >Ye 
compare? the time of Mr Field’s mitry into the 
directorship witii that of his rclir(*m<‘nt wc; liml 
that Mr Field made the followinj^ important eamtri- 
biitions to the* buildinjr up of tin* eleiiarlment, 
namely, 

(a) A rapid e.xpausiou of (lu! up|)er air orjjaii- 
i/atiou ill <*onri(*ctioii with civil and 
military aviation, 

(/>) Orj^ani/ation of cyclone w'ork for the Hay 
of ihm^^ai irom the Metcorolo^jii'a! Ollice, 
Cah’Ulta, 

(c) A home for I Iea<l(|narters of the Meteoro- 
logical I)e|)artmcnt at Foona, 

and b/) A substantial inei-eaM* in tin* scientific 
statV of the departmi'iit. 

Mr Field did not reliiiipiish his mi*teorolojriejil 
xvork even after his retirement. Ilis services were 
reunisitioned by the Air Ministry, liondon, to 
investij^atc the cause of tin* so-called “(iibraltar 
plume”, lu tliis work also he (*xhibit(?d his 
cliaraeteristic thon mi'll ness and for(*sii'ht by prepar- 
iiiii: a clay mod(*I of (iibraltar and experiuicuting 
xvith it in a wdnd tunnel before proceeding to deter- 


mine the characteristics of the wind eirculatioii on 
the spot. 

From Tvhat has been said in the pri'ceding 
jiaragraplis, it is cl(*ar that Mr Ficitl was peculiarly 
lifted by temp(*ram(*ut to be a gr(‘at expei*iuK*utal 
ifK‘t4*orolo{;ist. Ilis example has been a constant 
source of inspiration to the staff of the India 
Meteorologi<*a] I )(‘|)artment who r(*ceived .such 
guidaiict* in a critical tiim* of intense aclivity as 
liiiaiicial facilities allow<*d. For this service alone 
the Indian Metcorologisfs can never be sufficiently 
grab'fiil fo him. Tin* India Mi*leorological Depart- 
immt will ever n*main ind(*bt(‘d to Mr Field for the 
fin*l<‘ss pati(*nce and critical acum(*n which have 
(‘hara(‘f <‘riz(‘d both his si'icntilic and administrative 
activities. 

PlIOriOSSOH IIOIIVII.LK 

IVofessor Ib*nri Douvilh*, the eminent French 
pahn*ontologist, di(*d at his Paris residence on the 
7th dannary 11)117 at the age of 1)1. He W'as born at 
Toulouse, a small university towm in the south of 
FraiuM* in tin? year 181l>. lb? was educated at lirst 
at tin* Eeole Polytcchuique and afterwards at the 
Kcole de Mines wdiere In* came into contact with 
IVofe.ssor Hayle, under whose stimulating inlluenci* 
he ac<|uiretl a d(*ep interest in invertebrate palaeon- 
tology. In 1877) he began systematic rest*arch work 
>vith lh’ob*ssor Hayle and was soon entrusted with 
the task of orgaiii/.ing the eoIh?ctions of invertebrate 
palaeontology at the licole. Within a short time 
In* made a mark as an able worker in his subject so 
much S4> that at the retirem(*nt of Profe.ssor Hayle he 
was a.sked to occupy his chair at the Eeole which he 
occupied right up to his death. 

Some of his Avorks are now classic in their own 
‘^phen*. Kefereiice should be made in this conncc- 
iion to his now famous work on the group of 
Rudiste fossils. Ilis studies not only cleared up 
many coinplicat(*d problems regarding their phylo- 
geny but als4) revealed an iiiteresting correlation 
between the variation in tin? number of their species 
and the (‘hange of |)hysic.al eiiviroument throughout 
the whole geological period in which they ilourished. 
E(|ually well-known and important is his work on 
Orbitoliiie and Lopidocyeliiie found in the Mesogf^e” 
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(a t(*nn driven by him to the sea g(Mierally known as 
Totliys) in which he proponndcd, among others, 
tliat the hot water of tiu* Messogee was probably 
the canse of the separation of Eumpe from the 
African (Continent. 

DonvilhVs reputation as a palaofmtologist spread 
far and wide so iniieh so that his expert opinion was, 
of and on, sought even from foreign lands whenever 
any dittieulties arose* eoneerning the* identilieaiion of 
any nnknown fossil, its age, etc. Keferenee is to be* 
made in this ceinneetiem te) his works in Panama, 
Madagascar, East fndms, and even fiidia. 

Tn Inelian (le'ology his name will be* long elie*rish- 
cd for his two maste*rly me’ineiirs (neit to inentieni e)(he*r 
minor ])nblieations) published by the* (jl(*ologieal 
Survey eif India : 

(1) La er<*taee' e*t I’eVa'cne^ (III 'Ifibet e*entrale‘. 

(2) Le*s couches ii Oardita rk*aunnmti. 

(Pal [ml. New set, Vol. X. Mem X 

He was universally csteH'ine'el for his hon hnufic, 
honesty, anel above all, sympatliy te»war<ls the* yeamg 
worke'rs. His main formula for life* was ‘w<n*k’ anel 


even up to his last days he kept his strength both 
in minel and body. The present writer who had the^ 
eipportunity of working with him on the; mie*ro- 
fossils collect(*el frenn the* Kre-nerh Alps was astonish- 
(?el, like* many oth(‘rs, to (inel him working, even at tliis 
advance^el age*, six e>r seve*n he)Urs a day anel without 
sp(?ctacle*s. In re*e*ognituni of his wt»rks he was 
ele*e*ted to the^ niueh-e*oveted meinbe*rship of the* 
Institut de Krane*e. 

S. Deh. 

{Continufid from pmje 50) 

to lest this question further aial it cannot, therefore, he 
ilefitiilely stateil yet that the substance |)ro«!iiced on heating 
is aseoibic acitl. Hat there is no iloubt that there is in i:ab- 
bage a i>r«“eiiisor which proiluees an intli>phenol-re«lneing 
substance on lieatitig iimler our conditions of experiiiient. 

('.host* bab(»ratory of Applied Chemistry, lb C. (jiiha. 

rnivtTsilv C'nllcge of vScieiice, P. N. Sen Gnpta. 

Calcutta. 

22 n. 37. 

1. ('.nhn and Pal, Nature, 1.(7, 0|o, 

2. Mack, Nature, I'iS, 5l)S, VkV>. 

3. ('.nhaaml Pal, Nature, III), SI I, 1037. 

4. Mack and Tiesslcr, J. Biol. Chem., fIS, 710, PH7. 
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On the National Supply of Electricity 


Fn (wo articles published In Si iknck ('n;n i{K 
( Vol.l,p..‘jO.S, ;in(l p..‘](i7, we uave onr readers 

some idea ol’ (lie iiiiporlanee of (luMjuestionof supply 
of(‘Ie(*tnc*i( V to the pidilii* for doniestie and indnstrial 
purposes. The sul)j<*et is, however, of su<*li jj^reat 
importaiiee that wc* inak<‘ no apolojry fnr iM'tiirninj^ 
to it at the present moment 

In tlnvse two arliel(‘s, w<* jiointed out (hat in th<‘ 
mjitter of eonsmnption of (‘leelrieity per liead, India 
stands almo.st on tlio same level with ( ’hina and 
Abyssinia ; li(*r jiresent liyiure is between (i to 7 niiils 
jwr rapifa, while that of an ailvaneed eoiintry lik<* 
(\mada is about ISOO units per mpila, and that of 
Mexico, wliii'h is pointed out as a model of misrule 
and medievalism, bl units per rftpthi of her popula- 
tion. If consumption of el<*ctricity per rapUd is 
taken as a nieasun* of civili/ation, India stands 
almost at the bottom of tin? scale. 

Tt may b(‘ argued that the backwardness of India 
is due to non-existence of electrical power r<*source.s 
in tlie country. This is however far from being true. 
Sir JM. Visliweshwarayya, ex-I)ewan of Mysore, in 
his thought-provoking book l*l(inntd Krotiofinj 
(11K33), has shown that barely of India s hydro- 
electric power i’csourc(‘s Iiave so far bet n d<*velop- 
ed. In most progr(*s.sive countries, 70 to 80 per cent 
of tbe resources are usually developed. Supply of 
power is the essential condition for industrial 


progr(‘ss in (liis (•(‘iitnry, and no gnv<Tnmcnt which 
iK'gloels this line of activity can be said to discharge , 
its functions propm-ly. 

Electrical Power Resources 

Tt may l>i‘ arguf‘d that the ]>owcr resources have 
not been develnpi'd, b(‘cau'^e there is no demand for 
it. This is ‘.igain far from being lhecaM‘. I'he cmmtry 
wants to be industrialized but imlustrialization can- 
not b(‘ ]ait on an (*eononiie basis unh'ss there is 
cheap supply of powm*. 'rin* real n-ason for India’s 
bai'kwardue.ss in this respect is the absimcc of a 
definite ])oliey on the part of tin* (lovermiKMit for 
ilcvi'loping Imr ])ow(‘r resources, and absence of 
beneficent legislation to meet this end. 

We shall illustrate our case by considering the 
supply of electricity to (he Tity of C’alcutta. The 
generation and supply of electricity for the (^ity of 
Calcutta and its subuibs is entrusted to the Calcutta 
Electric Supply (Corporation, a (’omiiany with its 
head olVicc at London, and w'ith Lord Meston, 
<*x-(iovernor of the Cnited Province.^ as (Chairman. 
This (.Vanpany has !• capital of 2 S million pounds 
(taking into account shares and debentures of all 
kinds), and has bciai paying a dividmid of V2 to If)''; 
for a number of years. It has installed generation 
plants having total capacity of about 80,000 kilo- 
watts, and sells about ‘ibO million units of electricity 
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])(■!• yi'jn*. ^rii(* ilividciitl is no iiKl(*x tin* profit 
niado by (Ik.* (\)inj>:my, for tho tliiX‘t*tors all (>iijoy 
labiiloiis F(*(‘s, Hiul IM) t(» of tho 

V jrocs to tlio rr.vci vc I'iiikI and (o iiu‘c*t depreciation 
(•li:iry;es. Pn»t<‘cl(*d by paternal <*:ov(Tiiment legislation, 
it lK»Ids monopoly in the (Jalentta area in the matter 
of (‘leelrie supply, {ind l•(‘al profits amount to nearly 
as nmeh as tlie (‘apital. 

The rates \v(‘re <»rijj:inally d annas per unit for 
doinestie eonsmnption Avhieli has, as a resnit of per- 
sistent ajritation, be(‘n reduced to two annas. 

flow hi«rh thet^alentta rates are (‘om pa red to 
iMiropean rates will be eleai* if we take tln^ ease of 
the London area. Then* i> jnstitieati(m for this eom- 
parison, as tin* conditions .an* almost, identical in 
the (wo ei(i(‘s. 'J'he electricity rates are d(*termined 
by the proximity of tin* station to the e(»al area 
(provid<‘d eh'ctrieity is }ren(‘rat(*d fnjm coal, as is 
the ease both in L«mdon and (^dentta), the d(*nsity 
of pojmlation in tiie su|)ply ar(‘a, and tin* demand 
for eleetrieity. Tin* last two conditions (hi not 
(lifler nmeh in the two ar(*as. \'et (In* Londoner 
j^ets his unit of <‘l(‘etrieity for domesti<‘ pnr[iose 
(lio;ht and fan) at about half tin* ( alentta |)ri<*e, for 
industrial purpose at Id p(‘r unit, and for all el(*e(rie 
houses (lij^ht and cookiiiir) Jd p(‘r unit. The (-alentta 
man pays '1 annas (-.’Jd) for domesti(! pur[)os(*, and 
other rales are proportionat(*ly hiy:h(*r. In <ither 
Avords (alentta rates are about tAviec* as hij^h 
as tho.se nf Lomlon. Such hiiifh eharij('s arc* c*ntin*l\' 
nnjnstitiabh*. 

About two years ai^o, (he lien<»;al (fovei’iiment, 
in response* to ])(*rsistent popular ayjitation, appoiiit- 
(*d a (oniniittee presided over by Sir N. U. 
(Tatt(*rje(* to emjuire into (In* cjiiestinn of tarifls. 
The ]ier.-:oimel of tin* ( 'oinmittec* did not inspire 
confidence* as it was eompos(*d only of eommc'rm’al 
and le}j;al e.vperts and ilie pid)lie was not allowc'd to 
send re|)resentativ(‘s havin^j: knowledjre of eh.*etrieity 
and of taritl* prol)l(‘ms. This (NMnniiUeer(*eommend(*d 
a ])altry r(‘duclion of one piec* (janna) on the existiiijj 
rate* annas per unit, but the Supjily (amipany very 
generously eonde.seended to r(*duc(* the rate by half 
anna p(‘r unit. This act of grace by the (Jaleiitta 


Electric Supply Corporation has not been appr(*eiat- 
ed by the comniitt<*e of the (Aileutta (kirporation 
which Avas ai)point(?d to (‘xarnine the recHinnnenda- 
tions of the (jovTrninent Committee. In course of 
a pres.s ronntiUHiquCy the Committee says that the 
ratem chargc'd have hardly any (*conomic basis, 
and tluit it is oidy through apprehension ofji eiirtail- 
inent of their siipplic's, or through insistent agitation 
that the charges can be r(*duccd. 

Jiy AA^ay of illustration it is statel that tin* Cor- 
poration of Calcutta had been charged 24 annas a 
unit for institution lighting. When sanetiim Avas 
given to Dr H. N. D(*y’s plan to provide eleetrieity 
at one pice a unit the Electric Supply (Nirporation 
is (teerilmd as having otb'red to reduce th(*ir rate .of 
2i annas to a sliding scale for bulk supply of a little 
over thr (‘0 piec a unit. 

This redmrtion, adds the report, .applied to 
large consumers AA'iio used a minimum of LOtUKKl 
units a >mar. It certainly re\a*.il('d, if anything, that 
the previous high charge of 24 annas a unit had no 
economic basis. 

On an (*x;unination of the figures :in(l a<*eoiints 
plae(*d b(*fore the Covernment Intjuiry (’ommitli*(*, 
it continues, “it is abundantly cl(‘ar tied the ?*eeom- 
meiidations of that (Mimmittee have b(*(*fi halting and 
far short of the reduction warrant (*d by the facts 
found by them. 

“It is diHi<*ult to realize how a paltry r(*dueti<in 
of only half an ann:i could lx; reeonimen(l(*d as 
imnmdiate relief.” 

The (.^ommittfM* is of (he ojiinion that the, ea[>ital 
expenditure of the (Jompany is toil high and ])oiiits 
out that undue or over-capitalization invariably 
r(*acts on the ultimate |)riee id (he unit. 

“Takes b)r instance, an index of present charges : 
ji rc(’cnt (Lstimate submitted by tin* (Vimpany of 
labour and petty materials covering a h*ad of h*ss 
than 400 f(Md of cable -laying Avas put doAvn at Ils 
4,000. Normally tlie Calcutta Corporation have 
similar work dom; under similar (jonditions at a tenth 
of the charge— Its 400. 

“The high additional remuneration over and 
above the ordinary reimiiuTation, totalling 112,200 
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pjlid as (lir(‘ct<»rs’ fees, and lor tin* Loiidoii 

cslablisliiiKMit and other exiaaiscvs tend to raise the 
lov<‘l oF e.\|)enditni'(‘ dispi'oportionatoly 

“T1h‘ (b>v(‘nnn(‘nt Imiuiry (Joimnittoe, therefore, • 
liatl no jiistirK*al'n)n to roeonnuend a return oF 7 p(*r 
cent on the net assets f)f the Company.” 

In view oF tlio Faet that the Companj^s under- 
lakiii^ is well-establisheil, pi>ssessin^ a virtual mono- 
poly and protretc<l by statutory saFej^nards, this 
C.\nmnitte(‘ eoiisiders that a r(‘tnrn oF (i per eent on 
the eajiital reei'ipts, /•/■,., would be Fairly 

‘i(‘n(‘rous. 

Jb'jiardin^ tlie Obsoh'seimei^ Knud tlie Committee 
Feels tliat no ease* has b(*en made out For its eontinU' 
aiK'e in view oF the existiuj; Re.serve and Depreeia- 
ti<»n Funds wliieh an* lar^^t* <*uuuiih tt) serve the pur- 
pose For which the Obsoleseenee Fund stands. 

It is reeommeud(‘(l that the whole fiF the amount 
eouet'ined, L.‘»(I,IK)(), .should be applied to the redue- 
tiou oF the rat<*s. 

Manajii'inent costs “are inllated onou^^h,” the 
n'port ^joes on, to bear a reduetiou oF at h‘a.st 25 p<‘r 
<*eiit as :ieaiust 15 per <*eut re<M»mmended by the 
(lovernmeiit (jmimiltee. In (‘ijj;ht years, it is stilted, 
this it(‘m has inereas(*d 100 per cent. 

Tin* reductions prop(»sed above under the vari- 
<»us heads are likely to render an amount oF ChilVl l? 
availabh* Fur reduetiou oF the rates For lij»[hts and 
Fans to tin; level oF one anna a unit at once, leaving 
a sullieieut margin <»F relief to other eonsuniers. 

If is held by the (Nuumitt(*e that the reductions 
re<*ommeud(‘d by the (iovernment (Viinmittee are not 
eommeusurate with the linaneial position of the (^tiu- 
^ pany, and that there is ample seojie for further red ue- 
tion up to at least om* anna a unit for lights and fans. 

IF the i*ate is not n'dnced to this figure, the Com- 
mittee [iropo.se that the Calcutta Corporation pur- 
chase tin; niuh'rtaking cov(‘red by the (-\deiitta 
lic(‘ma‘ and leasi* it out, strictly on the basis of a 
one-anna-a-nnit taritV, to a reliable firm at a premium 
equivalent to the amount of con.sid oration money. 

The (kuupany having, in spite of the statutory 
<»bligation to tlie contrary, mi-xed up tlie accounts of 


the various lieene»‘s held by them, it not pe^>ible 
to ascertain the actual valm* of the pivtpertij s (M)veie<l 
by the (^ileiitta lieeu(*e. 

'^riie total unexpired value nf iln‘ prujicrl ies and 
.service on tin* basis of l!rU liaui-e‘> is L 1 , 1)1 
eovi'ring in ail I I lieeii<*es liehi hy th«* Supply (’or- 
poratiou. OF thesi*, the Fahaitta lieene<> being the 
ohlest, a major portion of the :i-^«‘|s has l)c(*u 
written oti' for d(*preeiatiou. 

That being so, (he a<‘tual valm* of the un(h*r~ 
taking which tin* (^»rpora(iou will have to pay under 
tin* Indian I‘]letri»*ity Act eaimot la* mori* than 
LI, 001 KOI )0. 

'^riiis iiM'thod has (he advantage «)F controlling 
tin* price of tin* unit re(aih*d to (he consumer and 
exercising a supf'rior supei’visioii of the working of 
the undertaking by the le^so' without any direct 
ix'spousibility n‘stiiig on (In* ( ’ori»oration. 

'Pile Committ(‘»* have not been able to (‘xamine 
the* proposition in grc'ater eh'lail whi< h <‘an be eon- 
suh'iM'd by aimther eommittee which can also settle 
the terms and conditions of (la* lease if tin* t 'oi- 
poration aee<*pts tin* prop(»al of this ( K)nnnitte(‘ of 
exercising their ojition to pllr^*lla‘^e the undertaking 
ami grant the* h*:is»' to a reliable firm. 

In an amu'xiire to the report tin* (’liief Fugiiu'cr 
of the (aileutta (^u'lioration remarks that “through 
the ])ree(*i>t and example of the* C.ileiitta Corporation, 
the* Fleetrie Supply Forpoi’alion have* grailually iv 
dueeMl their once* ‘irredueibhi’ ilomeslie rate's (For 
lights and Fans) of thive* annas a unit te> the* current 
rate of twe> annas a unit.” 'Plie* Fugiue'e'i* iiroceeds : 

“Fven se), the* rate* >till Falls shen't of (he* (.irilV 
preipeLsed by the* Calcutta t ’orjioratitui -erne anna 
a unit. 

“Tin* easie'.sl w.ay to se'cure* this rate* is to make* 
the (kmip.'iny acee'pt it. 

“Failing thi.s, the*i'e^ are* twe* ee)ur>e‘s ope n. The* 
Calcutta (\u’poratiem eir the* ( Je)ve*rnme‘nt may piii'- 
cha.se tlie umh'rtaking anel run it as a municipal eer 
State deparluK'ut, 

“The seeemd e*e)urse* is te) ge*l seeme* othe'r (Knnpany 
to act a.s the* Agent eiF the C:ile'ult:i Ce»rpe)ratiem, 
purchase the* undertaking anel weerk it as le*sse*e* te) 
the nuinie'ipal beuly, with the* e>ne*-anna tarilV as one* 
of the t(*rms. 

“If and whe'u the latt(*r e'eiurse* is de‘cide*el upon I 
shall ])ut up the* details regarding terms and condi- 
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tioiis of tlio Ajruncy jis woll us thf draft advortisi*- 
nuMit calliiijr for oflors. 

“AiioIIkt motliod for scciiriiit!: chcai) ratos would 
be for llio (\*dciiHa ( 'orporalioii fo purchase (‘l<‘c*tri- 
city it) bulk from the (\aiipauy and <lis<ributo it. 
'riiis iiK'tliod is ill voiriK* ill Madras. For this piir- 
]>osi' tin* 1 ‘xistin^ cable lines and sidistations will 
liave to be taken over from tin* Company at an 
jiy;reed price. 

“'riie elieapi'st domestic rate bn* lights and fans 
— mneli eliea[)er tlian one anna a unit, Imwever, can 
b(* seenreil if an allojretlier m w nmlertakiny; is built 
nj) to supply tlieari'a Iimit«*<l by the Calcutta licences, 
and the nnderfakine rnii and maiiaiicil In (ilovcrii- 
*menl oi* tin* ('alcntta (^nporatioii. 'I'o do this sp(‘(Mal 
b‘eislati»>n will be nee(*^sary.” 

\V<‘ are in eiilin* ae:n*(*ment with the opinion of 
the Municipal (^mimitt(*e, and wish th(*m f^ood hick 
in their strny:y:le with the (Calcutta I0h*<*tric .Supply 
Corporation, lint W(* wish to point out that the 
■ piHiblem of develo[)m('nt of ch'ctrical power audits 
supply should b(‘ more viy:oroUsly tackled by the 
national (iovernnn‘nts wliicli are coininij into power. 
In (ir<*at Hritain, as in every other advanc(*d 
country, the government controls <*omph*tely tin* 
j;em*ration of el<*cti icity ; its distribution is h*ft to 
private* eompaiii(*s nn<l(*r (‘onditions whie'h re*dii(‘(‘ 
profit (‘(*rin.u: to the minimum (*.\tcnt. India, in this 
as in many other matt(*rs, is about epiarter of a 
century bi'hind, and I’onditions are* similar to those 
pri*vailinji: in tin* Cniteil Kinirdom b(*for<' lOIS. 

\\ hat arc the succr'ssisa* steps by which proliteer- 
inji; ill electricity lias been ste»pped in (Jre'at 
Ihitaiu? We epiote the* worels eif the (iove-rnment 
( \)mmitteM‘ on l^h'ctrie'ity Distribution appe)int(*d in 
duly lltiio, with the feillowinc; terms of relere'iice*. 

To brine; unde*r re*vie'w 

(o) The* e>re;ani/.ation id' the* elist I'ibutieui of 
eh*<‘trie‘ity in (ir<*at Ib'itain, imlmline: control <d' 
statutory e*h*ctrieity e*ompanie‘s by other e‘onipaiiie*s. 

ih) 'fo advise* ein me*thoels by which improve* 
nients can be* (*tree*te*d with a vie*w to ensurinij; aiiel 


cxpcditin{^ the staiidardi^^ation of systems, pressures, 
inethod.s of eharjjo, etc. 

JVevioiis to this eomniittee, the subject had be(*n 
i n vest i<ra tod by a number of (*ommittees, the* most 
important be*in^ the Weir (\)mmitte*e of Itriti.* 

Lejrislation relatiiiir to (*le(*tricity supply eom- 
menced with the Kh*ctri<* Lijrhtinjr Act of lS8‘i. 
which was revis(*d in bSSS, ISilS, HKK) (Power 
Ceunpanies .Vet), Ib'JI). In India, tlie*re 

has be*e*n no revision of h'jrislatioii (exerept minor 
euie's) sim*e* the* Flee*lricity A(*t of Ib2d. 'Fhe r(*snlt 
of the various le*»:islatie)ns in (ire*at Jbitain is seen in 
the following tiefiires. 



Units sohl to consumers 

S\(ilf uf eU'vti'icitif 
I.i.uhtin*;, h^atin.!^ 

Ih’O 21 

l‘)G .U 

inyi-piVS 

cooking; 

5S2 milliems 

.191 H millions mill. 

Cower 

2199 



( 'h ii rfjva 
la.i'hliiij.j. 


2-2S‘} 

2 i:m 

Powe»r 


o:i*i 

0-(i9d 

Over.ill ave'iajje i 
revenin* pt*r unit ) 

2 IS*! 

l 21 id 



^riie* rate's for Lonelon are* e*onsi<h'rably (ne*arly 
half) lowe*r t hall t he ave*raii'e'. M'he*re‘ are* ] o iimler- 
(akin». s in Kn^laiid, e///S7e//r-e>/r///7/. which chari^e* h*ss 

th:iii rr» d per unit, for domestic purpose, less than 
*0 d leu* peiwer. ^I'he* rijj:ure*s slmw that Iiielian eonsn- 
mers are* still payin^r ihe* rate-s whie h use*d te» hedtl in 
the* (’. K. lU'arly twenty y 'ars ay:i>. 

We aelvise* the* Nalieuial (love‘rnme*nts whieh are 
e’oininjf into pe>we‘r to appeiint ce)mmitte*e*s for inve's- 
ti;r;ition ed' ^'e*ne•rat ion and elist ribiitieui ed' e]e*clricil> 
with the* >amf* tf*rms of re*fi‘re ne*e as the* W’eir (Nun- 
mitt(*e* of li)2ti,and the* Me*( le>wan ( ’eunniitt<*eof Ibdo. 

*It may 1)0 meiitiejm'd that the* Weir Committee- (appoint- 
i*ii in m’ej) ict'omintMiileel e'omplrle State Ce)ntrol of 
(iriii-ration of h.leeh ii-ily \\lii\*h \\ a*i carried inlei eflTecl lo 
lej;islatioii in P<2r, .ami i.s eireeled hy the eic' elopment of the* 
Grid System. 
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On the Nature of Laterite and Lateritic Soil 

S. P. Kaychniidliuri 


Sir. P. C Ray Research Fellow. Uiiiveraity ColU-iec of Scii-nc?. Cnlcutta. 

Processes of Soil formation and Soil Profile 

Thk study of soil is c*los(‘ly connected witli .iiri i- 
eiiltiin*. '^rii.inks to tlit* (‘llorts of (‘iniiK'iit scientist-;, 
ciiiolly of tin* Uiissinii school, the iii\ I'stijr.ition of 
soil liJis now hccoiiK ' m d<'linit<‘ Innnch of stinly to 
which the luiinc “Pedology” h:is l)c(‘n M|>|)rK‘d. 

ft is well known th.it soil is fonicMl from the 
wenthm'injr «d‘ rocks. W’ciithcriiiLi- imiy he cither 
physicnl or chcmii*:d in mil lire, ch(‘inic:d weather- 
iny: heiny; tlie more important of the two. Tin* 
<‘hemieid decom[)osition ol roi'ks tak(‘s plaei* in an 
aijiKsMis medium ami depends on th<> (le<M>mposiny: 
action of rain wat<‘r, of carhon di«»xidc dissolved 
in the rain winter, and of ory,ani<' aeids produe(‘tl 
hy tin* d<*eomposil ion of plant residues. The inim'ial 
silicates are hydrolys(‘d with tin* simultaneous lihera- 
tion of silicie a<Md ami th<' hydrt»xid(*s of th<* bases 
pr(*scnt. W hilst the alkalim* :vnd alkaline <*ar(}i hy- 
droxidi's an* solnbh* in water, tlie sili<Me a<*id and 
the hydroxidt's of ainmininm ami inm may form 
eolloidal solution. Silicic ai-id soU an* eh*ctro 
n(*y:aliv<* whilst tin* scs<|ninxide sols an* ch'clro- 
])osilive, and inntnal prccijhlation may ocenr iriviny: 
ri.-c to the w<Mtlicrin«4 (“oinph'x of dciinite tir prol>ahly 
of inih'linite compositioiP. .MT-r the ro<*k minerals 
lijivc nndcry;om* apiircciablc physical and »*hcmical 
weathcriny:. tin* inorifanic products of weatiicrinix 
and tin* oryfanic matter dillcrcntiatc into detinite 
horizons, under the iidlnciicc of wat<*r mov<*mcnls 
within the soil, 'rin* complete .sm*<*e^sion of .siieh 
soil hiyers down to tin* parent rock is ealh*d the 
soil ])ro(ile. which r(*pres(‘nts the n*snlts of all the 
soil-fonniny: imxn'sses and is reeotrnized ;is the 
iiatiind unit of study in soil elassilleation. 

1. S. Mattson, the I^aws of Soil Colloidal Hehaviour IX, 
Soil Science, S6, 149 , mi. 


Laterites and the Process of Laleri/alion 

1'he weatheriiiy: of rock minerals takes plaei* to 
diirereiit extents aeeonliny: to din(‘reiit eliniates. 
If tin* weatln'rinjr oeenrs nnd(*r (‘oinlitions of hiyh 
temperainn* and ln*avy rainfall, as it do(‘s in humid 
Iropii'al n'yions, Iniinie acid is oxidi/<*d as rapidly 
ns it is lormed witli <'ons(*(jm‘ne(* that silica is 
h*aehed out in prelerein*e to s(*s»|nioxides. '^I'lie soil 
finis becomes i-ieh in the hydrated oxides of alumina 
or irt»n and ae((nir(*s red eolonr due to presem’c’of 
r(*d-(*olonred ii’oii oxid(*s. Sneh soils are nsnallv 
known as /nfrrtfas or Inivnhc and tin* proe(*ss is 
called laterizat ion. Lat(‘rites and lal(*ritie soils 
neeiir abundantly in tin* Indian Deccan, .\friea, 
llritish (iiiiana :ind in Australia. 

It will perhaps he iiiterestiny; to yive a short 
ae<*ounl of tin* oriyin of t In* l<*rm “Laterite”. It is 
the equivalent of tin* t<*rm “itii'a enihi” of tin* dia- 
h‘et of Malabar, in South India, nu*aniny; ‘Ih'iek 
stone', 'rin* naim* “Literiti*” was at first usisl by 
hVaneis Ihiehanan (who was hiliT known as 
Ihieli.nian- 1 iamilton) for sonn* hard red stul from 
Southern India, sp<*eially in tin* Malabar district. 
Peyariliiiy (he nature of this material, Ihiehanan 
writes- “It is one of the most valuable materials 
lor bniidiny;. It is diiVnsed in immense masses, 
witlnmt any appearanei* of stratilieathm, and is 
plaeetl over (In* yjianite, (hat forms (In* basis of 
Mftlnffiiht. It is lull ol eavilii's ami pores, and 
contains a v(‘ry lary^i* quantity of inm in tin* form 
of r<‘il and y(*llow ochres. lu (he mass, while (*x- 
ehnh'd from tin* air, it is so soft, (hat any iron 
in.striinn*nl readily (‘ills it, and is dny; up in sipian* 
masses with a pick-;ix(*, and imnualiatcly cut into 
tlie shape? wanted with a trowel, or a hiryjc* knilV”. 

It may be inter(*s(iny: tn mention in this coiiin*c- 
iion tlie relation between the tiM’ins ‘lat<a*ite’ and 
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"riu* w;is jriv(‘ii in 1S2I by 

P. ncriliicr tn ;i p(*( iili:ir .snb.st:in<*(» which 

hsul Inmicil :it Lcs Ihiiix n(‘:u* Arles in IVo- 

viMicc I I'V.iiH’c). ( )n nii.ilysis (lie siibsl;ine<* was 
I’oiind tn eoiil.iin f)!*, 0 p.e. :il(iniin:i, '21 X) p. c. 
I'errie nxidc and ‘JO. Ip. e. eoinbincMl w;dcr“. 'riic 
ilniible inMiieiielaliirr nf ‘latcr'dc’ and ‘Irnixite’ con- 
tinm*<l In th(‘ end nl* (he last eentnrv, when Max 
liaiicr^ wnikinc; in the Seyeiielles proved that 
liaiixitc i> a vari<*ly nl lat<'rite. T. II. Holland 
however lliiiiks that Dr If. Warlli imisMie jjiven 
“the credit of havinji lir>t, oi‘ at any ral(‘ in<l(*pcn- 
denlly, snspet'ted lali'rite and bauxite t<» be (‘ssen- 
lially similar”'. It must be rceo;rnized howtwer 
that tlioni»:h intci(*s| in;i[ Trom a scientilic point of 
view, the latcritcs an* not (»f economic importan(*(* 
for the purposes for wliicli alnminimn ores arc ns(‘d. 

Description of Lalerile Profile 

I'Voni mor|)holoj»ical point ol view a typical 
laterite «*on>is(s of foiii’ hori/ons from b<*low*’, //*. 
(a) pjircnt rock material sii<*<*<'<*d<‘d by (h) a liori/oii 
in which tin* material is n<*n-lateriti<* and the iinmc- 
<liatc product of iH’imary wcatheriny;, (r) tin* horizon 
of laterite proper which passes into (f/) surface 
horizon cliaractc-rized by fcrnijiinons incnistation or 
concretions, 'riic ferriiLi'inoiis incnistations on tin* 
surface ar«' frecjiiently occasioin*d by inti'iinittcnt 
raiid'all with consecjneiit alternate cx<*ess of eva- 
porati(m and precipitation or by conditions <if oscil- 
lation of the water-table yi«'ldinL>: alternations of 
saturation and dcsi(*eation. 

Cbemical Nature of Laterite and of Lateritic Soils 

Ac<*onlinii; to l‘'ermor'’ a true hiterite should 

2 . C. S. I'ox, Tli(* Hauxile nml Alnniinoas Laterite 
( leeurreiiee.s of India, Memoirs of the (Jeologiral Surrey 
of Indio, JV, Part I, pp. 2 ?, P>2.v 

3. Nriis. Jdh rh. fur Min, etc, \ol. 11, ]i. 201, l.so.s, 

1. T. If. Ifolland, On tlie constitution, Ori^.'in and De- 
hydration of Laterite, The Geological Mayuziney Decinle 
V. X. j). -S'), 1003. 

5. W. R(d)inson, Soils, p. 270, 1052. 

0. Geoloyical Magazine 8, j). 5t)5, 1011. 


consist of at least 91) p. e. of what he calls ‘lateritic 
con.s(ituent.s\ /. c., oxides and hydroxides of iron, 
ahiniininm, titaidiini and .soinctimes man^ain*se. 
The.se lateritic coii.stitneiits are tin* residual aceu- 
inulalioiis aft(‘r the coinbined silica, lime, majjcncsia, 
soda and potash havt* been removed in solution 
from the superficial d(‘conipositioii jiroducts of 
rocks. Pennor sujry:ests in this conin‘ction (hat 
“many r(K*ks tn wliieji the term ‘laterite.’ has be(‘n 
applied, CJ>uld be more aptly term<*d soils, earths, 
(‘lays and sands with ( ' J.“> per cent) or without 
(< Jo per C(‘nt of lateritic (*ous(itu(‘nts) (he attri- 
butive ‘lateritic”. 

Martin and Doym*', on the* oth(‘r hand, dctiiu* 
laterite and lateritic soils liy low values of silica- 
alumina ratios of (Ik* clay fractions, for lat(‘rite 
(Ik* ratio beinu: I'M*! nr less, whilst fnr lateritic 
soils the ratio li(‘s bctw(‘(‘n l.IilbJ.O. .V low value 
of (he above* ratio implies the picsence* (d free 
alumina. The followini*: tal)h* will illustrate* the 
(‘lK*niical composition of tin* clay fra<*tions of sonn* 
typical lat(‘rit(‘ and lat(‘ritic soils. 

T.mu.k 1 

The chemical composition of the clay fraction 
of some typical laterite and red earths. 


.Material Loealiu kcforcncc SiOj 
% 
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Lalt^ritc Sierra 

Tech. Com- is., 
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.\f). 24, Imp. 
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Soil Science, 




1932, p. 13 



Ue<l T.in^ja- 

Kohinson 40.5 

-50.f» 17.0 

22.5 

Ivartli iiyika 

Soils, I\d, 




1932, p. 274. 44.4 

33.9 17.8 

2.23 


Martin and Dnyne retraixh'd the ]U’(*s(*nce of iron 
oxide in the clay fractions as md bc*in»r e.ss(*n(ial to 
the formation of lat(*ritic soils. (}. W. Robinson^ 
and F. Hardy'', howevi'r, thiidv that iron oxides play 

7. J. Agric, ScL, /7, pp. 5.50-517, 1927. 

S. Nature, 121, pp. 90.5-904, 1928. 

9. J, Agric, Sci,, 21, pp. 150- 1 06, 1931. 
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important roles in (lie clay IVaelioiiH. I'Iktc are also 
several observations in the literature? showinj; (hat 
some senls may Ix' very defieient in free; alumina and 
yet be very simihir to (he latm-ite ns delined l)y 
nnehanan. Thus Serivenor''* has shown (hat al- 
thoiijLrli th(‘ soils ol‘ th(‘ Malaeea 1\‘rritory are very 
similar to (he type »)!' laterite as delined by Ihielia- 
nan, practically all (In* alumina [iresent is eombiiKMl 
with the silica. IndiM'd, Serivenor linally siijjirestetl 
(hat (he tei*m lalerite be no loiitrer used in seientilic 
work. As a conseumaiee of inimerons div(‘r«»:ent 
results in the litf'rature, it is j^enendly admilted (h:it 
(he deliiiitions of laterib? and lateritie soils are 
rather vaffiie. Dealin;^ with sonn? as|)ects of tro- 
pical soils, K. I lardy ^ ' writes “Kvidently tin* pre- 
sent nsaj^e of the term lal(‘ri(e by pedologists is 
iiK'xact, and tin* modern d(*fini(ion has (‘onn* to mean 
a highly ahimiinms and highly hydrated residual rock 
product, usually also rich in hydrous iron oxides 
and conlaininy: other characteristic components. It 
has been us<*d in this siaix* by I larrison, by many 
oilier early soil invi'sti^ators and ^(‘ohijxists.” Men- 
tion may lx* madi* here of tin? views nf 1 1. Warth 
and I''. 'I. ^^^lrlllA“ who, as a re.'iilt of tln‘ir detailed 
chemical examination of many typical Indian lat<*ri- 
tes, write : “h'nrther, tin* results show that tin* term 
laterit(‘S has a distiin*t meaning tln'on(>;hont tin* many 
varieties of this rock. liateritc* is bauxite in various 
dej^rees of purity, from the richest woeheiniti* down 
to such sp(‘cim('ns in which the free alumina has 
cnlir(‘ly disa|)pear(‘d." 

The pelrolo'i’ical ainl chemical iuvestij>;ati<ms <»f 
the Lale Sir John Ilari’is.m' ' in Hrilish (iiiiami 
have added consid(*rably (o our knowledge of (he 
orijrin of laterih* and lateritie soils. As a n*snlt of 
his laborious work, Harrison came to the conclusion 
that tin* linn* lelspar comiionent-i of a basic* ij^neous 
rock like dol(*rite are transform(*d by tin* pnic(*ss of 
W(‘atherinjj; into crystalline »ribbsite, silica and lime ; 

to. The- i)f Malaya^ p. I5.V 

11. Trans. Third InternaiUmal Congress of Soil 
Science, p. 153, I ‘>35. 

12. The Geological Magazine, Docado, IV, p. 155, l‘K)3. 

13. Tho Kala morphism of Igneona Roc/ch under humid 
tropical conditions, Imperial liurcau of Soil Science, 1*131. 


also tho feiToma»;n(*si;m minerals, mostly pyroxenes, 
are convcrt(*d by wcatheriii;^ into yrilow, orani»<* or 
red hydrous iron <>xidcs. I\a<Jin is .almost eiilir( ly 
absent in this weathered st)il layer which I larrison 
d(*.sijinat(‘d as ‘*lVimary Iia(<‘rite'\ din* iribbsili* 
conipoin*nt of this primary lalerifo may be rosilira- 
t<*d under the inlluene<* of (ho llm l n at iiej; oromni 
water carrying: di^srJved silioa and ba-es under 
impeded drainage conditions. Harrison called this 
product “secondary l:iterit«?“ whieh is aUo some 
times known .‘is “icd earth” or “lar<*rilic scul”. 
Harrisons wojk also show»*«l ih.at the ‘Secondary 
laterite” is usually produced by tin* weathering: of 
an aciilic igneous rock like «»;ranit<* under immid 
(ropic.'d conditiiuis. In this (‘ax* pot.ash lelspar is 
converted md into ^ibbsite, as in tin* case of lime 
felspar, but directly into k;iolins. Tin* soil thus 
originated may be <*oloiiia‘d red by hydrous iron 
<ixi<h‘S and may <‘h)sel\ resemble the ‘re<| <‘arth’ or 
‘the lati'ritii* ^oiT deiaved by the n-silic.iiion proc(*ss 
in the weather! no; of the ba^ie roek^. * ' 

Red Loams 

d'here is ;i thii’d t\p(* of red tropieal soils, known 
as red loams’ ’’ which an* i*mnparalively y<mn;;‘ xiils, 

/. c., in whieh the weatheriinj; ehann’es are md far 
advanced, Jin* clay (d* thi" •'oil typ(> is rather sili- 
ceous in natiin*. 

Thus, to sum 111), threo (yp(‘s of ix'd coloured soils 
under lmmi«l tropieal conditions may be dilVerenti- 
ated : (1) youiiii:er red t*:irth or I’cd loam or sonu*- 
times known as lat«‘ritoids*’ (21 old<*r reil earth 
or lateritie soil or “omelimes known as secondaiT 
laterite and (.l) fully m:i(un‘d l.iterilc* ))r '-onn*- 
finn*s known as “primary l iti'rite”. 

Process of Lalerization 

(\ K. Marbiit ’’ iiostul.ited that laleriti/ation is 
a jijeoloj^ieal process of niek decomi»)>ition and ind 

14. P. Hardy, Trans. Third Intcrnatiunal Congress 
of Soil Science, Z, pp. I50'!(>3, l')35. 

15. (». W. Rohinson, Sttils, p. 317, 

\b. ]). H. Volynov, Contribution to the knowledge 

of the soils of Asia, v^ imblished Uy llu* .Vcatleiuy of 
Sciences of V, S. S. R. p. n, rLi2. 

17. Abstracts of Rrovct dings of Second International 
Congress of soil Science, Coiiniiissions, IV, V, ainl \’l, 
p. 63, 1930. 
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a prot*(*.-s (lovolopiiij; ji soil prolilo, aiul biis no jrrc:it<*r 
(‘luiiu to bo considcml :i soil dcvc'lopiii*; jiiwoss 
tli.iri kanliiiiznlioii or siallitizjitioii. This sii^nosthni 
<»t’ Marlml snm< >vliat similar to that (tf Polyimv* '’ 
who lliiriks that the vvoathoriiijr (»!' moiintaiti crystal- 
lim* rooks and the formation of soils arc (piiti* dis- 
tiiK't procosscs. fiatorili*, acoonlinj; to Polymiv, is 
linal of th(> jfoolojrioal woatlM'riny; of momitain 
ciii^ts, whih* latoritir soils and tropi<*al podsoi aro 
snporlicial soils form(‘d on tho woatln'rinjr prodm'ts. 
Montion may bi* ma(h‘ in Ilijs connoction of tho viows 
of l*roso(»tt’ •' wlio tliinks that tho typical latoritos 
o| Australia aro tho fossil alluvial horizons of an 
aiMMont snil. 'rho original alluvial horizon must havo 
boon roinovod by domidation proooss. Whon onoo 
tho snrfao<* horizon has boon nanovod, tho f>orsis‘tont 
iron stone horizon wonid woathor very slowly anti 
only iindta* hoavy rainfall omiditions w’onid it oithor 
break down to a now soil or bo taitiroly donndod 
away. It miijht bo of intorost to invosti^ato 
whether such typt' of fossil latorito ooonrs in any 
part of the J)oooan Plateau. 

Properties of Lalerites and I.ateritic Soils 

Latoritie soils have well-known physical propor- 
lits, snoh as marked friability, hi^h pormoability 
and small rt'sidnal shrinkajio"''. As a rule, latoritio 
st)ils aro poor in plant iinlritMits, ospooially phos- 
])hato and potash. Hnt they rosptmd well t<» otdti- 
vatit»n, mairdy bcoaiiM* of thoir favonral)l<‘ physioal 
oharaotoi’islios. Latoritio soils can bo maintainotl 
at a hi^h lov<‘l of fertility by deep plony;hin}j: and by 
the addilitm of orj^aiiio manures. 

Laterite and Lateritic Soils of India 

Latorito rt'irtiliths usually occur <m (he summit 
of the basaltic hills and platt'aus of tin*, highlands of 

IS. B. Polyiiov, Trattit. Third International Corif/rete 
of Soil Srirnce, /, p]). S27-330, 

1‘). Coniu-il for Soiiaitific an»l Iinlustrisil Research, Bull, 
52, p. 48, 032. 

20. l'“. Hardy, Trans. Third Internatl, Congress of 
Soil Science^ 152, 1035. 


the Doooan, Contrsd India and Contrjd Provinces. 
In all those places latorito usually occurs at height 
varying from al«>nt 2(100 ft to oOOO ft capping the 
high(*st Hows of tho Deccan Traps. This typo of 
lat(*rite is also known as Vock-hitorite\ tn-siftf. 
Ial7‘rite’ ido.— terms m(‘ant to <Mmvoy the moaning of 
'primary laterite^'-*’. In thiokne.ss tliosi* laterite caps 
vary from fiO ft l«> n(‘arly 200 ft. Lat(*rito, which 
scarcely i>ccurs on .sUuations below 2000 ft above 
the sea level, is known as high-level laterite, the 
rocks of which are char;ic(eriz<'d by massive* homo- 
geneous grain ami of uniform composition. The 
above; type ed’ laterite is thus dillor(;ntiate*il Iniin 
what is known as the* Ifnr-lvrel Idlrrila which eiccurs 
ein the* coastal loW“lanels em be>lh side’s ol the 
peninsula. Low-le*ve*l late-rite* is UMially leirnu’el e)l the 
pre)elne‘ts e>f me‘e*hanical disint(*gratie)n e>f the ‘liigli- 
le*ve*l* lale*i‘it(* and is, the*re‘fe)rc, ed‘ de-trital eu’igin. 
Low-le‘ve‘l la(e*rite* is aUo semie*time‘s kimwn as 
‘dctrital’, ‘re‘Conse)lielal(*el’ eu* *se*e*e)nelary late‘rite’^“. 
As re‘garels both its structure anel ceanpeisitiem, 
Indian late’Hte* shows a gre*at deal of variatiem from 
]»la(*(‘ to plaeM**'''*. Uegarding the* e*auscs ed’ e)rigin e)f 
Inelian high-love*l late'rit(‘s the* geamral vie'W"^ is 
that the*y aro simply the* re*sult of al(e*rna(ion /// s/ht 
ed‘ varieiMs roe'ks, nmsily basalts by tho actiem e»f 
atme)sphe‘rie* e*h!mge*s. 

The* date* of the* (‘xisting high-le-vol late*rito c:ip 
in the |)e*e*e aii is not de-te*rminable* witli e'crtainty ; 
in part it may be* Pliewe'iic, or e*ve‘n eddor, in jiart its 
age is Ph’istoce'iK* or ev(*n semicwhat (*Mrlier, :ind it 
is probable* that seam* ed’ it may still be* feirming at 
the* pre*sonl el.ay. Sim*e*, in gcne*i’al, the* h>w-lov<‘l 
lale*rite has be*e*n forme'd freini the; high love*! laterite*, 
it ne*ce'ssarily lollows that the* fe)rme*r, /.o., the 
ceiastal laterite* must ediviemsly be* still younger. 

In ni.k'k Dr ( \ S. h'ei.v visite*d the* Malabar and 
TCaiiara elistricts with the* obje*e*t of ro-e*xamining 
Hiichanan s latorite’S and e)f ase*ortaining dclinitoly 
the'ir ce)mpe)sitiem. In a roce;nt publicatiem dealing 

21. C. 8. P'ox, Bauxite and Aluminous Laterite Occiir- 
icnces of India, Memoirs of the Geological Survey of 
India, Jftt, Part I, p. 3, 1923. 

22. Ibid. 

23. 1), N. Wfuli.'i, Geology of India, pp. 257 261, 1919. 

24. R. D. Oldhilm, Geology of India, p. 379, 1893. 
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with this subjoft tlif* cluMnicnl nnnlysos nl' Isitorito 
soils, as given by Kox*‘\ show clearly that Huchaii- 


from his paper (p. lOO) will indicalff the ehcmical 
iiatiii'c of lhi(‘haiiaii’s latcritcs. 

Ill this table amounts of silica, htsttlKhlr and 
sDluhlc ill sulphuric acid, rcpresiMit resprctiwly 


Taiuj-: 2 

Laterite from Cherovannur quarry. 



No. 1 (Top). 
(KtT.. No. 
4:/2s7.) 

No. 2. 

(Rejj. No. 
•i;/28S.) 

No. .1. 
(Ke«. No. 
•1/7280.) 

No. 1. {lJultoni). 
(Re«. No. 
47/200.) 

kc.salm* iii.soliil)le in lIjSO^ 





Qnarlz „ „ 

4.32 

8.99 

IIGL 

23.27 

(•nimilar fchls))ar 

2.3.') 

3.4») 

2,03 

2.39 

Total 

6.6 r 

n.45 

13 64 

2.5.66 

Soluble in 11,80^ - 





SiO, 

17 08 

20.90 

21.08 

26 56 

Al,(), . . 

20 83 

18.64 

21 40 

16.57 

.. 

39.09 

33 23 

26 30 

16.63 

FcO 

0 98 

0 92 

1.07 

1 72 

MgO 

Nil 

Nil 

Nil 

Nil 

(.:a() 

0 30 

0.28 

O.i^O 

0 28 

NmjO 

iiace 

li ace 

trace 

traci 

KaO 





MnO 






0.07 

0.09 

0.09 

0.07 

TiO, 

J.72 

2.00 

2 41 

2.50 

Lo.s.s at n-il boat 

J1.05 

10.19 

11.04 

8.44 

Loss at 1 05“ C .. 

2.49 

1 89 

196 

l.TS 

Total 

100.28 

100.39 

100 38 

100.15 


all’s original laterite consists mainly of wiiat we 
should now call lithomargic laterite and even in part 
laterite lithomarge. The table abovt? (No. 2) taken 

25. C. S. Fox, Buchain'in’s Laterite of M.ilahar ainl 
KAtxsira^ Records of the Geological Suruty of /nt/ia, Part 
% p. 389, 193b. 


the fire and roiiihiiicii silica. It must be recogiii/(‘d 
however that from the chemical point of view 
such dillereutiation b<*lwecu free and combined 
silica is purely arbitrary, although tliey oftrni yield 
very valuable information. The data in the above, 
table show that then* is considerable amount of 
total .silii!a in the soil, most of which i.s in the 
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s()lubI(^ or (•(uiibincil form. Tho abovo datsi suvjf^o.st 
that the mat<M'iaI is litliomary:h* latorito, rather than 
the linislied laterite of tin* l)on*an obtaiii(‘d from 
1)asal(io lavas. For the .sak(‘ of eomparisoii tin; 
<Munpositinn of S si)eeimeiis of typical laterit(‘s /// 
situ are shown ir\ tlie followinj^ table : 


latcritization, has bccMi entered.^* R(^garding the 
applicability and use of the term “laterite” Fox 
conoliidos (p. -II!)): “Thus the term laterite is a 
convenient field term for nneertain material like 
that of ^lahibar where tin; characteristic texture 
alone is a guide and a well-established term for the 
more mature laterites, wliose chemical characteristics 
agree with Sir L. L. Fermor’s deli nit ion fn other 


Table 3 

(Ref. The composition of Indian latent^ By II. Warth and F. J. Warth, 


The (ieolufjirftl Mtnjfr.fttr, Decade IV, X, J!M)3, p. Ifm). 



M(t nvura 

Miihah, 

Sat am 

NUaris 

NUqna 

Tulsa 

Karad 

Sat lira 

11,0 

guarU 


i4.9!) 

23.88 

2().7i) 

19.00 

15.87 

11.82 

14.39 

SiO, 

— 

— 


— 

10.52 

— 

1,77 


SiO, 

3.fl0 

.72 

.37 

3.14 

.23 

3.56 

4.20 

.90 

TiO, 

.38 

.42 

4.45 


.10 

.13 

.10 

1.59 

CaO 

.3ri 

.00 

.86 


.40 

.52 

nil 

.04 

Mi;0 

— 



— 

— 

trace 

trace 

.20 


13.75 

23 4L 

26.61 

37.88 

34.37 

47.27 

51.25 

56 01 

A1,0:, 

.54.80 

50.46 

43.81 

38.28 

35 38 

32.65 

30.86 

26.27 


100.00 

xoo.oo 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 


From what w(‘ havi* seen so far it is eviilent 
that tin* t(*rm ‘laf(‘ritizatioid signira‘s the end process 
of weatliering beyond that of kaolini/.ation. F<»x, 
llaTefore, holds the view that there can b(^ rocks 
representing all the interimsliate stagc'^, from tin* 
formation of kaolin or lithomarge to the iinishisl 
lafr*rite whicli is practically devoid of silica and 
consists of aliiminiinr. hydroxide and ferric* hydnete 
as the two essential components. W’hen the alii- 
niinons compcaient i< in excess and abov(> oO [ler 
cent of th(* rock, it is called nlfimitnjits lafcnfc or 
hduritc, wliile if the ferruginous component is in 
excess, 'it is known as feinujinoiis latrrifc ov hott 
ritnj. In the light of these considerations Fox 
has stated (p. 11!)) : “X(‘ither of these conditions 
is fullilh*d by Bnehanan^s laterite*, yet the vermi- 
cular textcire belongs to laterite and evidently 
may be taken as an indi(‘ation that though kaolini- 
zation has been operative, the final stage, that of 


words. Fox Inis snggr‘st(‘d that while the term 
‘laterite’ can be ns(‘d in a comprehensive sense, the 
more finislKsl products should be moi*(* precisely 
t(*rmed 'fdlrrile^ whilst the red soil of tin* Msdabar 
c’oast which Buchanan originally d(*signated as 
'lafcrtipJ must in tin* main be* regard«*d as h’lhoNffir- 
ijir Idtcrifc, nn*aning thereby a comparatively unfi- 
nished product.-'^ 

Tin* various considerat ions set forth above illustrate, 
that although the actual nature of. so-called laterite 
and lat(*ritie mat<*ri;ils is more* or less w(*ll known, 
the definition of ‘laterite’ is still in a fluid condition.* 


20. Cf. the views of Sir, h- L heriiior, C. S. I*ox, loc, cit. 
p. .VX). 

• From a lecture delivered at a meeting of the Indian 
Chemical Society held at the Viiivcr.sitv College of Science, 
Calcutta, on April 23, 1037. 
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Silk Industry in Bengal 

C. Ghosh 


Deputy Director of Sericulture, Itcnsrul. 

Different Kinds of Silk 

Tiik silk industry comprises fdiir dilTcrciit kinds 
of silk produced by four dilVcrcnt kin is of silk- 
worms, two of which arc wihl and two <h»mc*sli- 
cated. The important one of tin* two wild ones is 
Tnsnr, 

Wild sillr Tnsftr \ The c<r<rs an* tied on the 
food trees, which too are wild, r/;., osu-y/, sv//, etc. 
TIio semiwild /v^/ (Zi typhus) is also a food plant 
though less suitable. 'I'lu* worms feed on the leaves 
at will and, when fidl y,rown, spin eoeoons (»n tlio 
trees. ^J'he eoeoons an* eoll(*eted and sold. (Mmta- 
najypnr is the principal tasar pnulneinjr tract with 
the neghl)ourinj; <lislri<*(s lyiny; within the jurisdic- 
tion of the (.y(‘ntr:d l*rovine(*s, Orissa, liehar, and 
Beiiiral. Sjinlals :ind other Irilx's rear the wm’ius 
which liuve to be watelu’d and {jriiaixh'd ajiainst biids 
and otlu*!’ (Miemies wlii(*li take a heavy toil. On tin* 
jiverai^e about oiie-fenlli (»f tin* number i»laeed on 
the tre(‘s is <M)lle<-trd as eoeoons. Sonu' breeding; 
takes place naturally in the fon‘.-'ls, and tin* naturally 
f(»rmed eoeoons an* searched out ijnd sold. "Oie b(*st 
and larj^est eoeoons an* produced by natural bn'edin**: 
ill this maiiu(*r. ^I'asar weav<'rs |inreiiase the eoeooii.s, 
and th(‘ir womenfolk n*(*] out tiu* tlin*ad from 
th(»m in tlie midst of tlieir honseliold wc»rk. Other 
women too do the reeling: on payim*nt. I'lie eoeoons 
an* soaked in hot water, Jiiul a eontimuuis Hlainent 
up to about a thousand yards in lenjitli can be un- 
wound from them. In pra<*tiee the lilaments of 
several eoeoons an* pulled out ttijiether and Wound 
oil a Udai and some twistiny: is ^iv^*u to the yarn by 
b(‘iii||r rubbed on the tliiy:h of the re<*ler as it pa.sses 
from the eoeoons to tiie lahil. 'fhe yarn is tiien 
used ill wcavinj^ fabrics. 'I'a.sar weaviny; is an impor- 
tant industry in H(*veral places in Ueny;al, especially 
in Bankura and Birbhnm di.striets. As the worms 


are not wholly under control there is a limit to tin* 
(•xpansioii of tlir* tas;ir-pn)dii(*iiiy: indiistiy. 

Wild sUl — Mmjn : I’la* otl.cr wild silkworm is 
Mtnjd whieli is allif*d to tasar and oeeurs in .Vssam 
and is r(‘ared practically in the same way as tasar, ami 
utilization of tin* e(K*oons is ;dso ede<'t(‘d [iraetieally 
in a similar manner. Much expiiU'^ion rd* tin* 
miijra-prodiieiuyj industry too .is not imssibh*. 

IhunvsHrnivd silL frnnus — I^Jutli : Of tin* two 
doiii(‘stieat<‘d silkworms nm* i< called e;/, rndi or 
vrandi. tlu* uaim* beiuy: derived lV«mi the lood-plant 
of tin* worm which i.s rnutda or easlt)r. 

'riie worms an- kept on tray>. temhfd and fed 
indoor^. \Vh(*u fiill-uiowii they :in* pl.ieed amoiiy' 
<lri<*<l leavi's or straw in which they spin eoeoons. 
A eontimioiis lono- lilameiil eamiol br* obf;iim*d from 
the cocoon as in the eax* (d’ miiy;.-! and tasar. Tlu* 
eoeooi, has to lx* spun into thn*ad nnu*e (u* less like 
cotton, and spinniny; is done ^^ith flu* simple* hand 
spindle, variously ealh‘e| (idt'n, fnl.tfri or htl.li. The 
(lii*e*.*ul is wove*!! iido Ufuns nr rlotflitrs with which 
im»st people are fiuuiliar. 

I*]ri rejiriii” and s[n’nniny[ is a ftinallse-ah* e(‘ttayce 
imln.stry e;n'ri(Ml mi ahno-^t wholly by old we>nien. A 
fi*w (usually .'ilxmt I o, ‘JO, (u* .*>0) easteir tr(*(‘s are* 
y;n>wn on home*ste‘ad lamls or eml>ankme*nts, ami 
small hits <d' worms an* resind at a time*. Spinnimj; 
of the* thn*ad is elmie by the re'an*rs th<'m''elv<‘s. 
Ilaml spinnin;*- niae*him*^ have* be'eai de‘vise'd, but the* 
.s|)inners an* y:e‘m*r;illy teiei poor te) adeipt the*m. A 
l(d,'fi eeists mitliiny:. Alsei spinniny; with lnl:n e*an 
be* deme* anywhe*n\ lor iustaiu'e, while* teudinyj eatlh* 
or yfossijipiuy: or ev(*u when walkiiiy; e»n the road. 

Eri-n'ariny: and spiiininy: imiustry is eemiinod to 
A.s.sam ami the eastern distrie*ts of l{eny::il, r/;., 
Boyrra and Hany:piir. From information ee)lle*eted in 
Ikigra district it apiiears that the animal eariiiii^rs of 
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112 iMTsons :ir(* about l^s 15 pc'r lioad ou tlio avcM’jijr*'. 
though soiu(‘ individuals liavi* as uuioli as Rs 40. 
Till* yarn is purchasiMl by Manvari lucrrliaiits who 
oxport it or by weavers who wt'avo it into fabrics. 

('aslor is m’owu as a iicld-<*rop in many parts of 
India for its seed. Attempts liavi* been made* to 
utilize the leav(‘s in rearing eri-worms bni without 
iiincli success. Only small ipiantitics of cocoons can 
be ri‘ar(*d by individual cultivators. Settiny; up an 
ori^anization to collect these cocoons hardly pays. 
There is demand for <*ocoons for us<* in spinning 
mills in foreij»;n count ri(*s, but tlic price ottered for 
them is such that it does not pay to j^row castor and 
rear the worm. 44i<*rc is another factor. Althouj>:h 
a natural silk, eri is much inferior in its (pialitics to 
what we commonly call silk and necessarily fetches 
.a lower |)rice. 

Kri-reariny: and spinning is th(*reforc destined to 
remain a smallscale cotta^i* industry amoiic: poor 
people unless there is an unex[)cct(*d rise in its 
priei*. 

Mulberry Silk-worm 

W(‘ now come to tlie other and most important 
domesticated silkworm which produc(*s what is 
commonly known as silk and in Rental as irshntu^ 
jidt ()V (jfinid. The silk industry in all countries is 
mainly concerned with the production and manutai*- 
ture of this silk which is capable of beinj; produc(*d 
on a lar^i* scale, is much more in demaml and niiicli 
more extensively used than any of the lbrcji;oiii«; 
ones. 1'he silk industry in Ih'iieal is chielly con- 
ciTiied with tliis silk. Its production and utilization 
are carried out in three distinct stajres and each 
sta«je constitutes an important industry. 

Production of cocoons is the tirst stajj^c wliich 
forms an ideal sidisidiary industry foi’ the cultivator 
or ryot and is siici'essful only when orjranized as 
such a subsidiary indiistiT. 'Flic ryot jjjrows a plot 
of mulberry, the l(*av''s of whicli form tlie only food 
of tiie worm, r(‘ars the worms in Ids hon.se mostly 
with the sjiare-lime labour of the members of his 
family, and sells'The cocoons a.s soon as formed. 


Production of cocoons in tluft manner takes about 
oin* and a half months and can be carried out four 
or live times duriiifj; the year in dift'erent season.s. 
.Accordinjif to climatic conditions cocoons worth 
about Rs .‘^O to lO can be raiscil from a highn of 
•mulberry cah'ulatcd at the present low rate of about 
8 annas i)c*r seer. 

Life-History of the Silk-worm 

Jt is till* worm winch produces the cocoon. With 
growth it dcv(‘lops a ])air of silk glands inside its 
bculy and spins out through an i4)(*ning in the month 
llie substanci* of the silk glands in the form of a 
filament and builds up the cocoon with this filament 
as a ])rotection for its own h(*lplcss pupa state. 
After some days when the pupa matur(‘.s, the moth 
develops, breaks open the jmpa case, and ])ierces its 
way ont of one imd of the coc*oon. Afalc and fem.'de 
moths rnati* soon after emergence and females lay 
eggs the same (*vcning. fn ordinary tenii)eratiire 
eggs hatch in the i‘ourse of about S to lO days, the 
worms f(‘ed for about thri'c weeks and spin cocoons, 
and moths develop and ciuergi* in the course of 
about Id days more. W'orms reiieafiiig their life- 
<*ycles successiv(‘Iy in this manner are called many- 
brooded or multivolt ine or poly volt ine as several 
broods an* obtained during flu* year. There an* 
oth(*r worms which hafeh only onci* in a y(*ar in 
spring and compl(*t(* a cycle and tin* eggs th(*n laid 
hatch again aft(*r about ten months in next spring. 
Such worms an* known as oue-brooded or univoltini*. 
Hivoltinc and trivolfine worms an* also known. Rut 
tlie worms which an* reared on a large scale are 
eitlicr univ'»lline or multivoltine. Univoltine worms 
are Miilabh* for cold countries and an* reared iu 
Japan, North ('hina, Kashmir, Italy, Krance, Spain, 
(’aiicasiis, and other ii(*ar eastern countries. Multi- 
voltine worms aic reared in South (4iina, Iiido- 
(■hina, Siam, Riirma, .Vssam, R(*ngal, and Mysore. 
44iere arc many races among both iinivoltine and 
mult ivolf ine worms in the dillerent countries, 
(jciicrally speaking, the cocoons of iinivoltine worms 
are much suiierior to those of multivoltine worms. 
A univoltini* cocoon contains about 4 to ti grains of 
silk and yields a lil.iment length of about 800 to 1000 
yards. A R.*ngal multivoltine (a)(‘oon has about 1 to 
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Disease of Silk-worms 


14 i^rains of silk aiul yit'Ids alnuit loO to.SOO yards of 
lilarnent. Tlio cocoons of other coimfrics 

arc practically of the saiiu* poor <|iialily or sliy;! t y 
hotter. Thcri‘foro cv(Tywli(*rc atlcmi)ts arc mad<‘ lo 
improve the multivoltinc races hy crossing: them with 
univoltine oius. It takes sev(‘ral y(*ars’ hreeulin**: and 
selection to have? im|>roved lix(*d Minltivoltines eapahle 
of heinj; rear(*d hy en’dinary rf‘are?s. Sf've'ral such im- 
proved liyhrid mnitivoUim' raeos (tlitained in Ihirma 
afleM* about 12 years’ work wen* r(M*(‘ntly intro<lnc(M| 
into Henjial, where two of th(‘s<* races have* hee*n 
demit4 W(‘li as will appe‘ar from the* ilhi‘<trat ion (li;|r. 1 ). 


— 1 

SII.KCONIIiNT 
IN A COCOON 
IN GRAINS 

riLAMlNl I.FNGTH 
IN YARDS 
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TlliCKNP.SS 
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iMjr 1. 

yiialilies of OiffiTfiil races (jf wtiriiw. 


Qualities of Different Races of Worms 

AV.s7/o / ami rhahtpohi an- tin* tw<e indiy:emuis 
iimltive)liin(‘s. liurnpnlK is an imli^cmins de‘u:<*iierate* 
univoltine. Xi.sl/fl and AVn///o are* the* twee imi>roveel 
intre)duced multi volt im' rae*e*s. 'rimv an* e*a|>al)le eef 
furth(*r impnivement wliicli e*an he* ae*hie*\e'd endy 
throiijrh continuems hyhridi/.atiem ami se'le'e*tie>ii and 
e‘liminatie>n eef umh'sirahle* einalitie*s. In the llriHjal 
vlimale it is nnf jutssihle In rear saperatr ainrnitine 
races, latpraved mallirolhae races are fherefnre 
a necessity far the autfare nf Ute iialastry m the 
province, 
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The* W‘»rms suller fnnn se've'ral disease's anel 
enemies. The* weirst e»f the* dise*ases known as pe‘l)rim* 
av kata in Ih'ii^al is he*reMlit:iry. It swe^pt away the* 
imlnstry in Kiinepe* ahemt the* mielelh* eef tlie* last 
century. The faimms Fn*iieh se*i(‘nti‘'t, L'liis 
Pasteur, inve'stijrated this dise-ase ami e*ve»lv(‘el a 
practii‘al me‘the)d eif e*IiminatlnLi‘ it. 'i'lie* heeelv-jiiie-e* 
of the* me)the*r moth e‘rnshe*d in a imertar is examine*!! 
nnde*r a hi«»:h-pe)wer mie*rose*!)pe*. If <»(*rm< of the* 
dise*ase* are lrace*ahle in the* hoely e»f any me»th he*r 
e'jrers an* n*jecte*d. it is ne*c(*ssary fe»r this purpose* 
te) ise>hite* e*ve'ry fe'inale* me)th in a tin fiiiine*! afte*r 
she has mate*d. ICIiminat ieui e)f the* di>eaM* in this 
manne*r is ne*cessary lor success in rearin;;. As this 
is ne»t j)e)ssihle hy cenmnon rearers, e oo; pre»dm'tie)ii 
hy jwivate pc*rsons is |)n»hihited hy law in Japan, 
and all re*e|nire*d le>r r(*arln;!j are* pre)eliie*ed nnele*r 
(ie>vernme‘nt siipe-rvisiem ami pas.se*d after e'xamina- 
tiem hy (le»V(*rnm(*nt ae^e'ne'v. In Italy and France* 
too, e‘er^-pre>eluetie>n is re'^^nlateMl nmle'r ( ie>v(*rmiu*nt 
snpervisie)n them<rh the*re is m> law ay:ainst ])rivate' 
pre)due‘tie)n lor e)m*’s eoviJ use*. In P)cn»»al there* is 
ne» law. (Ie>ve‘rmm*nt nurs<‘rie's pneeliie'e* e'erers accord- 
inji te) Paste'ur’s me*the)el, ami tht're* an* some* ])rivate 
(.«rn;.pn>elue*e*rs whe)se‘ e)pe*rations are snpe*rvise*el. 
Many nm*xamine‘el e'erirs ai'(* re.'inMl. (\)niple*te* e*e)ri- 
treel is elillie’lllt in the* e*ase* eef multiveelt ine we)rms as 
lhe*y e*an he* re*:in'el e*asily hy anye)m*, anywhe*n* ami 
at any time*. 

Pe’hrine* is also contairions ami tlie're* ;ire* e»tlie*r 
elis<*ases which an* inle*e*tie)ns. 'rhe*re*re)re* it is 
ne*e-e*ssary te) leeok te) cle*anllm*ss ami te) elisinre*et. 
he)use*s and appliane*e'S us(*d in n*i»rinir. I nsnit- 
ahle* fe)e)el, sue*h as te>o te'mh'r or te)e> hanl 
ami eliisty e)r we‘t Ie*ave*s, alse) (*aiise* elise‘ase*. 
Fve*n if pn’cant ieeiis an* tak(*ii about sanitatie>n 
ami fe)e)d, suehh'n e)nse‘t e)f hioli e)r e*e)ld te'mpf‘ra- 
ture e)r h(*avy rain causevs the* e^e)nditions ve*ry 
um*e)mfe)rtahle* and iinsnitahle* lor the* weernis. Al- 
the)U‘rh past e*xpcrie*nce* imlie*ate's the se*ase)ns in 
which rearin’^ e*an he* e*arrie*d e)ul, th(*n* is ahvays 
a e(*rtjiin ameeunt e)f uncertainty in this work. 
This e*mphasi/es the ne*e*(*ssity e>f adoptieen e)f all 
]>recau(ie)nary im*asun*s, whiclv is hoW(*v(*r dillicult 
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US tli(* inujiU’ity nf tlio rrurcrs arc; illitcTute and 
coiis(‘rvativ(*. 

Fly Parasite 

Apart from diseases tho worms ar** attac*k(»d 
by a parasitic lly which, when it has access to the 
worm, lays oijrfrs on its body. The lly majjjrots 
work th(‘ir way into and (*orrode the body tissue, 
killing the worm nsnally after it has ])upated. 
I'he. fly majr^(>t tlien works its way out throiijjli 
a hole in (he pu|)a as well as in the cocoon. Fly 
blown cocoons l)(‘come waste. lb‘arinj; liotiscs 
retpiirc to be prolerted with wire }ranze and chicks 
airainst ilievs. 

Mulberry Cultivation 

Mulberry accounts for about (10 per cent of the 
total cost of cocoon prodnetion. In IkMi^al, mul- 
berry is jijrown as a Tu'hl-cn.p in th(‘ form of bush 
from cnttinjrs. Tlu' bushes jire prnm'd down at 
base four r)r livi' times in the year as rcarinjr of 
worms is <lone. 'ria* field is jriven neces.sary culti- 



loK. 2. 

Cocoonery of straw rope frame. (Jai)aiu:Se). 

vation and mannrinjr. In other countries, mnlb(»rry 
is ^r(>wn from grafts. WIkmi j^rown as trees, which 
how(;vt‘r tak(‘ several years to be ready, the co.st 
is much less than in (he case of bush. Mulbcnry 
is usually ^rown by the. rearers themselves and 


to some extent by others for sale to roarers. In 
•lapan production of seedlings and grafts is a 
separate industry in the hands of farmers. Every- 
thing depends on the provision and supply of 
leaves. If leaves are available actual rearing does 
not take more than about three weeks to a month. 
The (lunlity of the food is very important. Given 
the best worms but insunicient or bad leaves the 
ro.sult will be* poor cocoons. There is scope for 
improvement in mulberry and its cultivation in 
Bengal. 

Rearing House 

Hearing of the worms is done indoors. Mnd- 
wall(;d houses with thatch roof are suitable for 
rearing in Bengal. The trays of worms are arranged 
in tiers on a tempt)rary shelf erected in a corner 
of the house. Food has to be snpplii'd about four 
times during day and night. When full grown, 
the worms stop feeding and tium refpiire to be 
picked up and placed in spinning trays whi(‘h have 
tjipcs arranged spirally on them. The worms fix 
find .spin the cocoons befw(*cn the tapes. The 
cocoons an* completed within two to thr(*(; days 
when the worm transforms into pupa inside. They 
arc then r(‘moved from llu* spinning tray and 
disposed of. Two pi(*tnr<*s (figs. 1) illustrating 
rearing in Ja|)an will lx; interesting. Abs(*n(‘o of 



I'ig. 3. 

Indoor rearing of woriths in houses (Japanese), 

tlic parasitic lly enables roaring to be carried out 
ill the open in that country. For rearing the next 
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crop of cocoons, it is necessary to set npart some 
cocoons which arc known as seed cocoons. Moths 
cut out from them and lay Usually n^arers 

sell oir all their cocoons and procure seed cocoons 
from other places or preferably from oth<*r dis- 



Hig. 

Oiitiloor rcariiij^ in the open under trees (Jaj)aacse). 


tricts. Rearing area in Bengal are technically 
known as joar among rearers. Usually exchange*, 
is effected of seed of dilfercnt jofirs. This is a 
beneficial practice. 

Requirements of Cocoon-producing Industry 

The rotpiirements of the cocoon-producing in- 
dustry can now bo summarized as follows : — 

1. High-yielding races of worms. 

2. Availability of healthy, /.c., pcbriiic free eggs, 
technically known as seed. 

3. Availability of good mulberry leaf in .suffi- 
cient quantity. 


*1. Rearing of the worms under clean and healthy 
condition l>) experienced rearers, as maiiage- 
nient and feeding of the <lelica<e weniis is 
ai) art which though not (lilliVult can be 
ac((uired only with practice*. 

Production and supply nf h(*:ilthy ejiirs ie(|iiire 
a propc'r organization with a trainrd slalV and is 
not safisfarfortf e.rn'pf funlrr S/fffc snjwrrisinu . 
This is the first concern of a scri(‘iilliir«l (lei)art- 
ment. High-yielding races of worms and good 
mulberry can be secured otdy through r(‘seareh 
and ex])crinient. M<ae than om^ hundred experts 
with about five times as many assistants are en- 
gaged in .Japan in research work on worms and 
mulberry. We in lk*ngal are just making a begin- 
ning. Two res<‘areh assistants, mie for worms and 
the other for mulberry, have b(*en just reernlt(*d 
and the Professors of Zoolf)gY, Botany and t 'hemisiry 
of the University (’oliege (d* Seienei*, (\*d<*ntta^ 
have been good (‘uough to eo <)pi*ralj* in this work. 
Thi* first researelus on mulberry and worms in 
Japan were* carried tmt by tim university professors, 
ft is to be hoped that the co-operation of tin* uni- 
versity professors with the Serieiiltiiral Department, 
ju.st initiated, will lx* fruitful of lx‘n(‘fieial results 
for the industry in the province. It is gratifying 
tliat private p<*rsons are ext(‘nding lu‘lp for this 
purpose. Mr Ilaridas Mojumdar has giv(*u a build 
ing and laud free* of ef)st at Xai’ayaupur near Diiiii 
Dum where research on mulberry will be midertakeii. 

Serieultural educatitiu, provided for in Japan in 
four univer.siti(*s, threi* serieultural eollc*ges and 
212 schools, will takti some time yet to be started in 
Bengal in a pn>p(‘r manm'r. At pl•e^ent th(^ Seri<*nl- 
tiiral Department has sc)m(? arrangem(‘nt for a pre- 
liminary training. 

Cocoon Reeling 

We now come t«) the second stage of (he industry, 
r/i., utilization of tin* eocNsms by unravelling tin* 
fitniiicnts from th(‘ni in the form of thread. The 
thread Is obtained from the middle layers of the. 
cocoon. The outermost and inm‘rmost layers yield 
waste silk whi<'h is si)nn in spinning mills into 
what is known a.s spun silk. The cocoons arc 
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boilrd in hot water lor dissolvin*; tlin ^iiiu wiiieli 
aj»:^liitiimte.s the layers of the (ihiineiit and the lila- 
inent can then lx* drawn out in unbroken eondithui. 
In praeti<‘e tlie lilanients of several eoeoons are 
<lrawn out to<r(*th(‘r and the ^um on drying aiXjiluti- 
nates them airain into a sin«(Ie thread known as 
raw silk. This art of reelinjj; believed to have 
been orij^inally invented by a Ohim‘se IVineess 
about thousand years before (Mirist has now l)een 
])erfeeted and is carried out with the help of 
maehinery, but manipulation by human fintjers has 
not been and will probably nev<‘r be dispens(‘d 
with. o allows a pedal hom(‘-r(‘(‘lin^ machine 

used in Jaj»an. 'FIk* modern practice is first to reel 




5. 

Pedal homc-rccHiijj macliiiiC (Jnjiancso). 

the raw silk, then re-reel it, thus climimitinji many 
defects and joininj^ breakajjcjs. Ke-reeled raw silk 
is now in (h*niand. Afbu’ re-reelinjr the hanks are 
folded, twisted and dressed and a certain number 
of hanks are bundled up, pn?ssed and lied into 


what are calk'd a bof>k. The re(|uir(*d nuinb(*r of 
books to make up ITlJ lbs. are packed to make 
a bale. Hales in packed conditum are exported 
The minimum exportable (piantity in tlm trade is 
ten bales, called a lot. 

• Haw silk can be and is woven without further 
preparation into infei‘i(»r and ch(?ap fabrics. For 
production of better class fronds it has to be taken 
thronjih what are' elass-throwinj^ processes, /. e,^ 
rewound, doubled and twisted before it is w(»von or 
knitted. 'I'hrowinjx i^ at present done with up-to- 
date machinery but Ik'n^al is still followiiiK primi- 
tive' nu'thods. In or<ler that it may work through 
throwmi** machinery without trouble ami in order that 
uniform and delectless woven and knitt(‘d jroods may 
be produe<Ml, the demand is made* that raw silk thread 
should be unif»>rm in thickness, should not break in 
unwindinjr and should not have defects, such as 
sluj^s, knots, nibs, hu^ps, corkscrews, hairiness, etc., 
which impede' throwinyj and sh«)w in the linished 
])roduet. 

Deniering Meter 

Haw silk is theri'forc nowadays subjerted to 
vari«)ns tests Ix'fore at‘eeptane(‘. The most impor- 
tant or maj(n* ti'sts are those of (1) evenness to tind 
out how far the contents of a hit an* uniform in 
thickness and (-) cleanliness and nejitm'ss to find 
out how far tin* thr(*ad is fre(> from impurities and 
tlefects. I'hiekni'ss <»f silk thread is measured by 
takinc; a h'linilh of lot) meters with 400 turns on a 
(k'nieriny; meter and expressing its w(*if?ht by a 
French weij::hin«»* im'asure called denier ecpiivalent 
to about ;") centigrams. If, for inslam*e, this denier 
skein weiy:hs .) <l(*nier the silk is o diuiier thick, and 
th(! hij^her the denier, the thicker the silk. Ordinari- 
ly about 11 denier raw silk is the linest thread used. 

Testing Machines 

Tw<i methods are followed for t(‘stinj>; evcmie.ss. 
In riapan, lifty hank.> are pulled out at random from 
a lot and from each haidv four denier skeins are 
taken with the hel|) of a deniering machine doing 
ten skeins at a time. The weights of the 200 skeins 
taken separately indicate how far the lot is uniform 
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and how far it var?(;i!i in Tiro ofhor mo- 

thod is rathor in^onions and carried out with the 
help of a machine called aeriplarie. This machine 
winds tlie thread neatly and side by side in regular 
order on a revolving black board. The practice is 
to wind a sample for a width of live inclics called a 
panel on the board and a board acconiinodates ten 
such panels. Two panels are prepared from each 
of the 50 hanks or a total of 100 panels on ten 
seriplano boards. The panels are then examined 
and (iompjircd with ofli<*.ially prepared photographs 
of standard irrinels whieli have been assigned marks 
according to uniformity or extent of disuniformity. 
This visual examination is done ifi a specially pi*e- 
pared room with special arrangmeiit for lighting. 
The raw silk under test is given marks according to 
its approximation to tin? standard photographs. To 
determiiH! cleanness, defects, such as sings, etc., are 
counted on tlie paii(*ls and are givcMi marks accord- 
ing to the iminber present. N(*alness is rail’d by 
(’omparison with standard photographs. 

Winding Machine 

Other tests all’ earrital out to tind out the follow- 
ing, r/^. 

Breaks in unwinding ; the fifty ti’st hanks 
an’ nrnvoimd on a winding machine for 1 hour 10 
minutes and tlu; number of breakage’s noted in the 
last OIK’ hour. 

(/>) fleviation or variation in the thickness of 
the tluvad in the lot. 

(r) Average* tliie’kness of the* thre’ad ealcniated 
freun the deniers of the ‘JOO’ denier skeins. 

(^/) Tenacity or stre’iigth of the tliread and its 
elongation or (‘lastieity aiiel st.re(e*h before breaking ; 
this used to be teste’d on serimete’r but nowadays 
scrigraph has been adopted for the ])nrpose. 

{c} Cohesion of the eompoiie’iit tilaiiK’iits of the 
thread ; the thread is rubbed in a cohesion machine 
and the number of .stroke’s necessary to separate and 
open the Hlamcnts is note^d. 

Boiling-off’ test by boiling a known weight in 
soap solution and determining the proportion of 


natural gum in the thread is also (.-arried out but 
not required in the (piality tests described above*. 
IJardnes.s, .softne.ss, cedour and lustre e>f the thread 
are det(?rmiiied by feeling with fingers and ocular 
examination in a dark(*n(*d reiom with north light. 

Necessity of International System of Grading 

As a result of all thejse t(*sts the* raw silk is 
placed in one or other of ditferont grades at present 
reeogiiixed in different countries. Heve*ral attempts 
have been rnadtj and conferences liedd to arrive at 
an interimtinnal .sy.stem of grading or elassifie-ation 
(»f raw silk. The systems now approximate so closely 
that an International one Is .soon expected, (irading 
is essential where raw silk is a ce)mmodity dealt, 
with in the future marke’t in an ex(*harige as in 
Japan, America, and Italy. Japan and (’lilna have 
arranged for exporting raw silk with a eertitie’-ate of 
quality on the result ed* the (|u;rlity tests de*tailed 
above. 

Haw silk is liygroseejpie and inei’fases or dee*n*a- 
ses in we’ight with the increase* uf me)i,Ntur<* in tine 
atiimsplie’re. fu order that neat her buyers or sellers 
may incur any loss on account ed‘ this (Inequation in 
W(*iglit, buying anel s«*IIing is done on e'onelilione’d 
waa’glit, A fe*w hanks in a Io(, ii>ually e ight, are 
drivel tlieu’eaighly in a e-onelitioning eeven :ind the 
a!)seJiite' dry weight noted. The* e*onelitie)ne*el we*iglit 
is the* absedule* dry weight plus 1 1 pea* eeait of the* 
same*. 

Conditioning Ovens in Yokohama Conditioning 
House 

1 he* market deaiiands :i guurante*e*d supply e>f a 
staiid.ard e|indily e)f raw silk. In e)nler te) meet this 
demand Japan was wise euemgh to establish :i 
(lenerunKait (\)n<litieuung lle)use* at the (\»ni- 
liieaK’eme’nt eif lua* raw silk tr.iele*. The* ( \>neliti(Mi- 
iiig llou.se* examiiK’s eae-li bale te> se*e that m> fraud 
is perpe*lrHteel, determines eMuiditioneel weight, 
carries out tin* varieuis tests, issue’s eertifie’ates as to 
eemelitioiie^d we*ight anel eiualil y, anel seals (lie^ bale*. 
The (histemi authoritie’s do not allow any bale to Im 
ex|M>rt<*d if the .seal is suspected to have been 
tampered with, (^)nditiouing He.)use.s also exis^t in 
the I ’nitctl State’s of Amerie^t, Kn^land, France and 
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Italy, flapaii iiiniiitains conditioning; )i<insos in 
villnK<‘.s for raw silk used by silk weavers. 

Reeling Industry in Bengal 

H(*nj;al had a lar^e reeling industry till about 
fift(!en years ago. But it was carried on all along 
with the simple machine adopted at the time of the 
Bast India Company. There was no re-i*oeling and 
no conditioning house. The supply of raw silk was 
never guaranteed to be iij) to any standard and there 
W(Te many loopholes for fraud to be perpc'trated 
on the buyers. The market was thus lost although 
R(‘ngal silk was the first to become famous in the 
world. The large reeling concerns were closed. 
This was followed by contraction of the rearing 
•industry as cocoon-producers fcmnd no sale for their 
cocoons. The r(?aring industry disappcannl from 
Bogra and Uajshahi districts and contracted in other 
districts. At present reeling is in a disorganized 
state and (*arried on practically wholly by small 
concerns or individual rc(‘l(*rs who do not understand 
what standardization means. During the same ])cri- 
od Japan made tr(*nicndou.s progress. This she was 
able to do on the strength of the research and ex- 
])(*riincnt she arranged for every aspi'ct of tin* indus- 
try and through adoption of up-to-date machinery 
and metliods. As ca<'h reeler ])roduces about half 
a ])ouud of raw silk in a day in order t<» lx* able to 
produe<* large (|uantities of a uniform raw silk it is 
n(‘cessary to engage a numlxu* of reelers at one place 
and make them work under sup(*rvision with simul- 
taneous tests to see that they are working |)roperly. 
Reeling is therefore essentially a eai)italistic indus- 
try. It is necessary to arrange for machinery, to 
engage reelers, and to buy raw materials, r/;., cocoons 
for cash. The industry however can be carried on 
either on -i small scale by engaging four, six, eight 
or ten reelers or on a large scale with oO, 100 or 
several hundred reelers. For a small eight-basin 
cone(‘rn a capital of about Rs 2,000 is reipiired. Of 
this amount about a thousand will be for machinery 
and appliances and the balance as working capital 
which will revolve four or five times during the 


year and fetch on efficient working an income of 
about Rs 1)00 at the i)resent low price of silk. 

Peddie Reeling School at Maldah 

A small reeling school known as Peddie Reeling 
Tnstitiite has been started this y(*ar at Malda with 
simple improved machinery of cottage type. Im- 
provc*d reeling methods can be learnt here. With 
improved cocoons* no\v available as explained above, 
reeling offers an opening to middle-elass young men. 
The work is also suitable for women^s organizations 
as it affords easy indoor work for Avomen. The most 
suitable method is to have these r(*(‘ling (!oneerns 
among groups of rear(*rs and work in co-operation 
with them. Barge reeling eoneerns in Japan supiily 
eggs of improved races of worms to roar(*rs and 
cocoons are paid for according to their (piality and 
yield of raw silk, 'fhis is the only eoudition under 
which both rearing and reeling Hoiirish. 

Th(‘ reeling industry in Bengal has to be built 
up anew. A eonditi»>ning house is essential wliieh 
will on the one hand study demands of raw silk and 
on the other hand guide the reeding eoiicenis both 
existing and new. 

Silk Knitting and Weaving 

We now come to the thirel stage of the* industry, 
r/;., knitting and weaving of raw silk into fabrics. 
Time* will not ])ermit me to go into details. I shall 
only indicate the* lines o.j which progress- is neees- 
.sjiry The eoeoon-produeing and reeling iiidnstri<‘s, 
together known as raw silk industry, supply the* raw 
m.iterial for the mamifaetnring industry and flourish 
only when th(*y produce th(‘ material in ev<‘ry way 
suitable for the latter. Because Jajian fulfilled this 
condition, her niw silk is welcome everyAvlier(‘. 
Whih* silk iminnfaetiire can be carried out anywhere 
production of the niAV material is limited to only a 
few countries of whi(di Bengal is one. There is 
d<miand for raw silk in many eonntries and it is only 
necessary to |)rodne(* it. according to the desinsl 
standard. There is a scope of large production of 
raw silk in Bengal and siudi produclion need not b(i 
regulated by the extent of silk AV(‘aving in the pro- 
vince. Expansion of Aveaviug however gives a 


SCIENCE A 
CULTURE 


82 



SILK INDUSTRY IN BENGAL 


st.iiiiulus t(» the raw .silk iiuliistry oti aceouni of 
^l•e!ltcr ii.se of raw silk. 

As is well known, Jknij^al had extensive* silk 
weavinjr. Hut this industry languished for want <j/ 
proper research, experiment and orjjjanizalion. (Moths 
re<|nire standardization. KiHpiiries at tin* stores of 
Sindhi merchants in dilVenMit foreitjn countries in 
the course of my travels as to why flaw did not 
stock and sell silk fabrics mamifaetun*d in India 
invariably elicited the rcivly that no two pi(‘c(‘s pro- 
duced in India were alike in (piality or si/e and .sU(*h 
inistandardized products had no inarkr*!. "Fhe r(‘ason 
why Japan has been so sneeessfnl i-^ that h<‘r(»overn- 
ment, thronj^h consnlar stall* and sp(‘eial investigators 
sent out by tlic c(mimcrcc and industries department 
and associations of manui'aeturers throuii^h their own 
special ajicmts sent out for the jairposc*, study markets 
and ta*odue(i standanli/ed eoods accordiiur to the 
demand. For [)rodnetion (»f standardized ijoods 
weavers have b(?en eombined into ass»)eiations and 
th(‘re is a law to force all to join such assoeiation 
wlieii two-thirds of tlu'in in a place jieree. (loods are 
produced aoc<»rdin^ to specilicatious, are eolh'cted 
and examined by tin* association, an* waslu'd and 
jinish(‘d at a central plac(* and are then sent to 
(lovernment ch)th examining lionsrs where (*ach 
pi(‘ce is examined and is (*ither s(amp(*d as passed 
or rejected. Without pass stamj) the custom authori- 
ties do not allow any pi(‘ee to be exported. It is 
necessary to follow the same lines In'n*. 

In Ueii^al there are (’xc<*llcnt silk weavers 
but for want of proper (H-jranization jroods aecordinjj: 
to any standard spc'cilication cannot be jjjot m: ide 
in any (tuantity. I ’ldess prodiu'tion and supply in 
a d(*(inite time in iar^e (jnanlities and aecordinjr to 

s])eeiiication can be miarant(M‘d no market can be 
s(H*ur(‘d. If these conditions can b<! fulldled th(*re is 
a larjre scope for tin* silk-wi'avinj^ industry. 

At pres(‘nt most of th(3 silk w<‘avers are in the 
j^rip of mahajans who are mere traders and <»nly 
und(*rstand rupee's, annas and pit's. 'The weavers 
must be freed from this predicament and iormed 
into a.ssociati<»ns which will deal din'ctly with the 
market. It is also uecc.ssary to improve processes 


to produce new desijrns, to improve* dyeing and 
printing' an<I to arraiij^t* for pn)per linishiny;. Thes(‘ 
are nmttiTs which fall within the scopt* of an I'llirient 
ii|)-to-date silk technolojrical instituti*. Last of all 
there should lx* sullicieiit propat^aiida and a ^ood 
marketintj: orj^anizati«ni. 

Requisites for Revival of Industry — Beneficent 
State Legislation 

I hop(*, I have been able to convey now an 
id<*a of the nature td the silk industry. The first 
stage or cocoon production is an ideal rural industry 
suitable for [)oor cultivators to whom the sah* 
procoetls of cocoons in b)ur or five diden'iit seasons 
in th(i year are very AVelcome and helpful. This is 
why sericulture flourishes in countries with a poor 
peasantry. Reeling, though c.ipitalistic, is also a 
rural industry, giving em|>loym(*nt to the rural 
population. From its nature the industry cannot 
flourish without State help and because of the fact 
that it lu'lps the rural population in some* countries 
apart from organization of research, education and 
|)ropaganda, tlx? State pays bonns<*s on |)roduction 
of cocoons and on the number of basins worked for 
reeling. The industry also re(piin*s protection. The 
silk-weaving industry of Kugland dwindh'd in the last 
centiiiy when prote<*tion was removed and was imme- 
diat<*ly followed by tlx* rise* of an industry on the 
continent with I’aiglisb <*apital aixl Fnglish skilletl 
labour. 'PIm* Lnited Slates of America has bec'u abh* 
to build '^lU'h an «*xtensiv(* manufacturing industry as 
to consunx* the majoi* portion of Japan and (China’s 
expt>rtablc raw silk only und(*r the prof(‘eti<»n of a 
high tarilV-wall. J.apaii m.'iintains a prrJiibitive 
tarifP against import of manufactured silk. Tlx* 
silk-weaving industry in hxlia too similarly requires 
sullicieiit protection. .Vs raw silk is produced in 
three large areas in India, r/;., IVengal, Mysore and 
Kashmir, the raw silk industry also reijuires protec- 
tion. If there had Ix'cn this protection, the industry 
would not have suflered in the recent economic 
depimsion as much as it did, although much of it 
was more or less due to an accident. (.)wing to 
financial deiiression the rniled Stabs of Ameriea 
sto]q)ed taking its usual supply of raw silk from 
Japan, where (iovernment came to the assistance of 
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tiui ri'clcrs mid purchasi'd mid .sUiokod the raw silk 
with the hope of being able to sell it at a future 
dat(‘. Tliis sale? was soon aft<!r effocted at about a 
third of th(‘ prieo paid for the raw silk to mi 
American iinaiieier and this led to dntiiping in 
India at abnornially low and wholly uneeoiionuc 
prii‘es. The rc'eling industry in Bengal already 
disorganized sntlen'd heavily. Many reelers stopped 
woi’k and necessarily many rean*rs of silkworms also 
had to stop work as th(‘y could not sell tlieir e(K*ooAs. 
The (lovernrnent imposed a protective tarill* 
which was however not quite sutheient ami not at 
the rate recommended by tlie Tarill'Hoaixl and which 
was further niillilied by smuggling through tin? French 
possessions in India and even thivnigh other proluitr- 
ly h‘ss guarded iwirts, sueli as Karachi. It is only 
now that tin' industry has Ix'giin to look up figain 
.apparently beemi.se the old elieaii stock is exiimisted 
and imported niw silk is selling at a jiriee with 
whieli the Imlian |imdu<‘t can compete. There 
should be a perniaiK'iit tarilV in order to ensure that 
no imported raw silk may sell at; less than Rs t) 
per lb. 'rin* taritrori all imported silk fabrics shonhl 
also be based on this price for raw silk. 


Subsidiary Industries 

Any di'seriptioii of the silk industry will not be 
complete without a reference to its by-iiidnstry in 
the form of ]M'oduetion «>f tlie well known Mulhi 
<*loth which is a speciality of Bengal. We have 
noted that seed e«»coons have to lie .set afiart for 
hrci’ding jiiirposes. The coeuoiis aft<'r the motlis 
cut out cannot be reeled but are spun with the .same 
iisefni Ttfkn by women folk of poor families 
ill their spare time, in th(^ midst (d’ hou.sehoM work 
for a small remuneralinii. This tlireail is known as 
mathd which is woven into saris^ rhftditrs 

and tlien for shirting and suiting purposes. A recent 
eensus shows about 1‘JOOO ‘matka’ spiiiuers and about 
a thuusand looms engaged ill matka weaving in 
dilterent. distriets in Bengal. Matka> spinning is 
done nowhere els(* in India. The matka industry 
is dependent entirely on the coe>ooiW(i:iriiig indu.stry. 
With the contraction of the cocoon-rearing industry 


it has been necessary to import pierced cocoons 
from Mysore and Kashmir. Pierced tasar ofKSoons 
are similarly spun into what is calietl keie which 
i.s woven into similar but less ap))caling fabrics as 
with matka. 


i^ayon or Artificial Silk no Rival to Natural Silk 


r .shall close with a few words about rayou, 
formerly known as artilicial silk but now prevented 
by law from being described a.s silk in .several 
countries. Rayon is a vegetable fibric made out 
of wood, mostly pine w(X)d, dissolved by chemicals 
and dniw'ii out as thn*ad. It took people by storm 
on a<*coiint of highly glossy silky apiK*arancc thoiigh 
really lacking in the propertie.s for which the natural 
silk is prized, texture, strength, duralnlity and 
wa.shjibility. h'ig. li shows how it compares with 
silk ill the.se pn»perties. It is only one fourth as 



CoJiiparisoii of layoii .'iiid silk. 


.strong as the natural silk iihrc', can liardly .stand 
washing and does not posse.ss the purity with which 
tin* llindn invests (he pafia-hffsfrn. Rayon how- 
ever i.s useful lor many piiriiosi's and its production 
h.as iiierea.sed by leaps and bounds in Japan, 
Fiirope, and Amm'iea. On account of its cheap 
price it i.s compi'ting more with cottm than with 
silk and will do so more in future. That it has takrui 
the place of silk to a eertaiu extent and es])eeially 
among people ignorant of its real nature cannot be 
gainsaid. But silk has regained its pla(!e to a great 
extent and will hold its own.* 


* on a lecture delivered in the Indian Association 

for the Cultivation of Science. 
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Fruit Preservation-Its future Possibilities 
in India 

S. M. Sircar 


SroifAtir: of fruits hy iiiii(I(>ni scicntiiii* 
for cohsiiniption tliroiiirlu)iit tlio y(‘:ir is :it» 
iiKMit is MliiKist iiiikiiowii ill Iiidiii oxiM^pt :i 

ro(*<*iit press m(‘s.s:i|ire from Sinilji (June, Ti, liK>7), in 
wiiiuli it is nieiitioiKMl that tli(‘ ( fovcrniiK'iit of India 
is <‘n;ra‘J!:(‘d in takinij; steps to h<*lp the apnic- and 
^rai)e-y:ro\v(‘rs of Kasliiiiir and IJalnnliistan with 
useful information for fruit <*ulturc and slora^o. 
In r]n^iand, uud(‘r the au.Npi<M*s of the ln\ (‘s- 

fixation Hoard and the researidi stations at the 
( auihriiljTi' rnivcrsity and at tin* Imperial (NJle^e <»f 
Seieiicc, I jondon,oonsideral»le invustiiiatioiis havi'heen 
ma<le in the preservati<m of fruits with very nauum'ra 
tivi* results. It has been possible (o store apples in a 
fr(‘sh eoiidition for a jieiiod of <ine year without any 
deti'rioration or harmful idlei't ; (lioiisauds of tons of 
easily perishable fruits like* pear< are su<*eessfully 
shipped in bulk todreat Hritain from South Afriea, 
(^ilifornia, and Australia, d his suee<•^s <MMild not 
lie achieved if elabor[it<‘ seienlifie leehui<|ues had not 
been evolved and slaiidardi/e^l as a result of a huijj: 
period of expmiments and observations. 

India proiliiees some of the best N.irieties of 
fruits in tin* world. Jdie nota^ ic amongst tlnau a«’e 
mangoes, oranjjjes, bananas, liehis, apart from sonn* 
oth(*r eitriis fruits sueli as h'linms, grapefruits, etc. 
It is time to consider how many p.illious of these, 
valuable and nourishing:: fruits an* absolutely w.asted 
in India due to tin* ov(*rerowdinjf of harvest within 
the raii^e of a V(‘ry short p(*riod. If even a fraetion 
of this rich harvest of fruits eoulil be i»rescrved by 
modern seientilie storaj^e methods, tin* pirowers and 
the eonsinners would be i‘(|ually beiiellted by the 
result throughout tin* y(*ar both in India and abroatl, 
speeiiilly in Knjjcland whie.li is decidedly the greatest 
market for fruits in the world. The mango is a Iruit 


almost unknown in Kugland. Owing t«» the fact 
tli.at this fruit deteriorates very ea'^ily and <iuiekly, 
it has not bc‘en possilih; to seinl the b(‘st specimens of 
Indian mangoes to hingiaud. Mangoes grown in the 
\V<‘st Indies and some parts of South Afriea have 
been import(‘d to Mugland, but the fruit has not be(>n 
reeeiv(*d with mu(‘h favour owing to the lack of 
the uni(|U(‘ ta^tc* and aroma that is to be bmiid 
in the Indian variilies. Whereas the [U'iee has 
bemi prohibiti\(‘ In some iii-^taiu’es owing to the 
exee>siv(‘ cost of -^ending by air, tin* Indian mango 
has generally bi*eu received with miu’h favour and 
enthusiasm. I^m|uiries made about the market of 
oranges and mangoes in Mugl.aiid from the le.ading 
w’loloale fruit luereliants at the ( \)\a‘iit ( lardeiis, 
London, and .aLo from tin* h*adiug retail deah^rs 
spread *ver the city have given ua* the impression 
that tliere is a Mui)C‘ndiUts po>sibirity for thesi* 
fruits in Luglaud if only they can la* sent herein 
pro|)er eoiulition. Ne<‘dless to say that the same* 
applies to our own home mark(‘t wh(*n fruits are 
out of se.asoii. 

It is admitle<l by many Lngllshmeii that the 
Indi.'iii banana i's decidedly superior in aroma and taste 
to the Jamaica valid ies which an* sent to l*]ngland 
in millions by Mi‘ssrs l’Jd(‘rs and I'ylVes LUl., 
who monopoli/e the mark<‘t. It is tin* (‘onsi- 
dered opinion that the “Indian banana jiosse.sses a 
boiH|uet all its own and would, it is b»*Iieved, In*- 
come popular at once with Muropeaii <‘onsumers. 
Tin* vari(*ty ('hmitfut grown in the neighbourhooil 
of ( -alcutta is decidedly tin* liiiest of ail, rivalling 
in lusciousiiess and delicacy tin* most (h*Iicious 
])ear. Tin* Indian banana grows almndantly, and 
the sup|)ly could be made practically unlimited. 
All that the Indian needs to learn is how to cut 
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th(? biuK'hos at tlio rij^ht time, to liandJe the fruit 
without bruisinjj, so that it eaii be landed in 25 
days on th(‘ Enjrlish market before it begins to 

yellow. The only thing lacking, it is claimed, 
is <inickness of transportation, but this may bo 
soon forthcoming. The fruit is in plenty in India 
and the surplus needs a market, and if enough money 
is raised to back the enterprise, it is believed that 
India can got her share of the banana trade of 
ICurope and hold it’’^ The sanu! thing applies 
to the oranges grown in India which are 
undoubtedly better than thos(» marketed in Kiirope. 

Important Factors in Fruit-Preservation 

Now some (»f the factors in the preservation 
of Fruits for a reasonable length of tinu* will be 
dealt witii in tiu' following ]iaragraplis. 

Prc-sloruifc coitdifioN : There are some factors 
which are of essential count with fruits in(<*nd- 
(‘d to be grown for storagi*. To produce; tin; b(‘st 
keeping ((ualities in most varieties of fruits the 
minimum (piantity of nitrogenous fertili/ers that 
will produce ad(*quate growth should b(; applied to 
the soil tog(*th(*r with plenty of potash and plios- 
l)hate. It is also necessary to take great care to 
produce clean fruits fr<*e from scab, insect-punc- 
tures, etc. The orchard must be kept <*Iean of 
decaying fruits on which spores of fruit- rotting 
moulds are easily produc(;d. 

A great point often overlooked in our country 
when |)luckiug tin; fruits is that the fruits are rather 
roughly handled and greatly injured by throwa'iig 
them on the ground. Strigs should not be piilh*d 
from the fruits and every fruit should be ])laced 
gently in the orchard bo.xes rather than rolled from 
the baskets, and during transport to the stores every 
care should be taken to avoid shaking and rubbing. 
All fruits showing any form of mechanical damage 
should be rejected. It is also advisable to grade 
the fruits for size* before they are placed in a storage. 

1. W. I'awfHitt : The Jianana (1921), p 184 


Time for gnlliering : There is in i fortunately 
no essential criterion to guide the grower to the 
best time to ]duek the fruits. But utmost care 
should be biken that the fruits are neither too grc*en 
nor too ripe at the time of plucking. Although the 
green types keep the longest, yet they lack in the 
essential aroma of tin* fruits for which their market 
value may be immensely diminished. l\y experience 
one can easily ascertain the o])tiniuni time for gather- 
ing the fruits. 

Oiled H'rupperi^ : For long-period storage of fruits 
the practice of wrapping the fruit with oil(‘d tissue 
paper has been found b) be very bem'lieial. Oiled 
wraiipers not only control suptufieial browning, but 
in some way tend to ])reserve the frc'sh apiicaranee 
of the fruit. It has Immmi suggested that the 
use of this type of wrapper would alVcct tin* 
gas exchang(‘ of the fruit by acting as a b.arrier 
to the movement of carbon dioxide and watiT 
vapour. Th(‘ ordinary wrappm-s do not appre- 
ciably atlect the rate of exchange of air and 
(‘arbon dioxiih* between the fruit and the 
atnuKsph(‘re around it. In many gas storages, wr;i|)- 
ping with oiled jiapers has bc^en found to b(‘ essential 
to preserve th(‘ appearanci* of the fruits which count 
a good d(‘al to the consumer. Tli(‘ onset of rotting 
in certain fruits is found to be greatly retarihid by 
the use of wrafipm’s treated with a solution of iodine 
in potassium iialide. 

Storage Condition 

It forms the integral part of fruit preservation. 
The methods that have been developcal for tlie 
.successful storage are ( I ) cold storage, (2) gas storage, 
and (.2) refrigerated g.as-storagi*. The last of th(‘.se 
is e.ssentially a combination of the (irst two in which 
a control of temperatun* is found necessary since 
the object of storage in ndarding further the ripen- 
ing process is greatly facilitated. 

Cold slftrngc : The ^irineipli^s underlying the 
cold storage are that at low temper.ature jihysiologi- 
cal ])rocesses leading to th(‘ ripcaiing and deteriora- 
tion of fruits are miKrh retarded. In order to suppress 
temporarily, all such activities r(*sponsible for 
deU?rioration and ripening, temperatures near about 
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fr(»ozinj]; point iiro ivcimimondcd foi‘ s(onitr(*. '^I\> 
Hiid jin optimum iomporatiin* Tor a particular fruit, 
cxpcriuKMital iiivcslijratious an' lu'ccssary. ft lias 
been shown by detailed research that tlic dillereuce 
of only in the average b'lnperatnre during 

storage may make a signilieant dilVerenee in the 
storage lib* of tin* fruit. '^I'he pai’tienlar tc'uipera- 
tnre to lx* employed varies according to lh<‘ 
nature of the fruit. '^Fhe condition cif the 

fruit is also an important faebu* for tlie storage 
temperature ; in cases where unripe fruits are us(*d 
liigher tcmp<‘rat.ures an* found to suit tlui storage 
condition better; when more mature fruits are stored, 
/. fruits exhibiting the signs of sfiftening and 
colouring, tin? lower ti'inpr'ratun* is the best. In 
('old storage of Knglish plums the tc'mpcratures 
(‘inployc'd under two conditions of the fruit are 
and iU'^K n'spectively. A gnsit deal of success in 
the preservation of fruits like strawlx'rric's, black- 
berries, loganb('rries, cic.. has l)e(*n achiev<*d by freez- 
ing at a temperafun* below Z(‘ro point. In this case 
the fruits are fn»/en solid and then at the time of 
consumption, thawing is gradually made to tak<* 
place at a controlh'd low ieiupi'ratun*. Hu* ditlicul- 
ties eiKamntered in the methods of freezing and cold 
storagi* an* considerable [ihysical and chemical chan- 
g(!s, both at the tinu* of fnx'zing and thawing, which 
impoverish the fruits in respi.'ct of colour, tiavour, 
palatability, digestibility, and of nutrition. avoid 
these, freezing with syru|) or (|ui(.'k fre<.*zing at a 
temperature between 0°F and - iO°K and slow thawing 
ov(*r a period of 24 hoursatill ^K to I0®K an* recom- 
im'iided. In cas(*s where fruits are ston'd at low 
temperature without freezing, similar damage due to 
functional bivakdown and disorganization of the 
fruit is noticed. Vnv all kinds of fruits there exists a 
low temperatun* limit (>f tolerance. Wlien kept 
below this tem])(*rature for any length (>f time, 
various types of low temperature injury are indimed 
in the fruit resulting in serious damage and lo.s.s. So 
for diflierent kinds of fruits the optimum tempera- 
ture to bo maintained is a point of gn*at. consider- 
ation ill the inetliods of c«4d storage*. In the case 
of Indian fruits for cold storage scientilic investiga- 


tions are to be undertaken to d(*terniine tin* 
temp(*rature at which a particular fruit could be 
stored without slunving any sign of low temperatun' 
br<*akdown, either during storagt; life or during 
marketing. 

Refrigerated Gas Storage 

In this method the principal f(*atnr(*s are tin* 
control of the composition of the atmosph(*re and of 
the temiieratnre. "rhe rate of respiration det('rmines 
tin* rate of ripening, which can be retarded not oidy 
by low(Ting the ternpi'ratnre as mentiom'd in the 
methods of cold storage but also by n'diieing the 
oxygen eonteiit of the air and by ineniasing the car- 
bon-dioxide ('ontent. Fruits rc'spire like all animals 
by giving otrc'arbon dioxide in (‘.xchange of an ('(pial 
volume of oxygen. Tin* atmospli(*re of any fruit 
ston* will therefore always tc'iid to ineiTase the' 
pere(*ntag('s of carbon dioxide and dccn'ase that of 
oxygen from normal air. fn an atmns|)h(‘r(.' contain- 
ing more carbon dioxide and h'ss oxygen than normal 
air, the respiration of the* fruit is gri'atly r('dn(*ed 
and tlie proiTss of ripening is also retanh'd. Air 
consists of oxygc'u and nitrog('n in the proportion of 
21 : 70. For the composition of the storage atinos- 
j)here it is the oxygc'ii c(ui(‘(*nt ration that is reduced 
and a certain percentage of carbon dioxide is retain- 
ed from the respit'd fruits. 44ie method generally 
adopted for this is to absorb tin* (*xeess of (*arbon di- 
oxide respiri'd by an absorbent like sodium hydroxide*, 
oxyg(‘n • being rephuxMl by a r(*gnlatod ventila- 
tion with fresh air in a gas-tiglit chamber. To 
determiiHi tlu* composition of the atmosphere is a 
diHicnlt jiroeess and at this stage systematic works 
with dillcrcnt kinds of fruits are to be accomjilished 
before any enterprise of eommerieal frnit-storge is 
taken in India. Tt is to be m(‘ntioned that if an 
unsuitable atmosplicre and temp<*ratnre be employed 
it may bring about a severe loss in the industry. 
Apples stored at a faulty atmosphere in a cargo 
boat have shown harmful eirt*ets at the end of live 
wci'ks' .storage during transportation to Knglaud. 
Tim exp(*nnionts eondneted by the Food Jiivestiga- 
tioii Hoard in Fuglaiid with various kinds of apples 
have shown the remarkable diiVerence in behaviour 
of diftercut varieties in the various atmospheres, and 
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<*l(‘nrly indicati' Hiat coiitrolIiMl invostii^atioiis piir- 
ixniinjj: t<» obtain lli(* bust oo!n])ination of foiuixTa- 
tinv and atinospli(‘rn for c‘aoli variety must be per- 
formed Ixd’ore ;:;a.s storage is put into ctnnmercial 
praetiei*. It is a wellknown faet tlial tlie diilerent 
varieties «)f manjjix'.s like LtnHjni^ Fn\h\ nmiflnii/, 
(iapalliinHi^ ete., and of orane;<‘s fnnn Darjetd- 
in^, Najipur, and Sylliet liave tlilVerent times of 
maturity and ripening: and re(|nire diHeivmt <‘nviron- 
mental eondilons. In view of tin's, it is apparrmt 
that till' sloraec (‘ondilions of these diilerent vari<- 
ties <»f fruits will vary ae<'oi*dinLr to the nature 
of tlie fruit. Tlie results of tin* expiMMinmits per- 
formed in I'.n^iland for sneeessfni <;as storaj;e 
of dilVenmt vai i(‘lies of apples may be <inoted here 
Ktable 1) from tin* /'bed Inrrsliijfih'ntt littanl Iirpnrf, 
This will niveau idea of tin* ditlerenec* in 
the eomposition of tlie stora|i:;e atmosphere* aixl 
temperature. 


TAIU.R I 

Temperatures and atmospheres recommended 
for the storage of English apples (F.l.B.R. 1934). 


Variety 

Tenipi'ialnres 
of flesh of 
apple 

Percentage 
of y'arhon 
diovi<le 

I’crcentage 

of 

( Ivvgeii 

Culinary varirties 

Annie iCIi/.aPelli 

3-1 to .3r) 

0 

21 (air) 

nramley's seedlin^ 

40 

8 to 10 

13 to 11 

Kin^j; TMward VII 

37 t.. 40 

.3 to 10 

2.5 

Lane Prince AlLert 

30 to 40 


2.h to 5 

T/»r(l Derhy 

40 

8 to 10 

13 lo 1 1 

Monarch 

34 

.3 

2 5 to 5 

Newton Wonder 34 

34 

0 

21 (air) 

Stirling Castle 

40 

8 to 10 

13 to 11 

Dessert varieties 

Itlenhoiin Orange 

37 to 3S 

0 

21 (ai.) 

Cox’s <)ranj»c Pii)])in 

.30 to 40 

T) 

2.5 

Kllison’s Oraiijjc 

34 


2.5 to 5 

Kin);'s Pippin 

39 to 40 

0 

2t (air) 

T.axton’s Snperl) 

40 

10 

2.5 

Worcliester IVarniin 

34 to Sa 

5 

2.5 to 5 


Some varieties of apples recpiire a very low pro- 
portion of both tin* nases. In tlieso cases <*oId stora^re 


is preferable to jras storage since in the latbT it is 
ditlicnit to obtain correctly a very low ci)ncentration 
of the jjases by r(‘»rnlat(*d ventilation. 

For many varieties of fruits the refriirerat(*d <ras- 
storajje has tin* followinj^ advantayies over the cold 
storajre be(*aiise of cc*rtain perceiitaj^e of carbon di- 
jixiile in the atmosphere. 

(/) '^riie ripcmiil^ of tin* fruit is slow('d down 
eonsid(‘rably, thereby inereasinn; the life of tin* fruit 
in tin* storage condition. 

(fi) Tin* d(*layini>: of tin* be«»;lnninjL!: of the 
rIftiHtrfrrir chancre. Hy fliiifnrtcrir ehanufe is 
meant the critical chan”:e <»f the state* of fruit 
which precedes the ripeniinj;, s(»ft(*nin<r, otionr 
and llavonr d(*velopm(*nt. 

(///) 'Tin* hardin*ss fd' tin* fruit is preserved 
almost nin'IiaiiLfed. 

(//’) d'ln* life* of tin* fruit afte*!* r<*moval from tin* 
store is <»“rcatly prolonj;<‘d, whi(*h is a elistinct y:ain 
to tin* distribiite>r :ind tin* consiiiner. 

d in* (h‘V(‘lopmenl of the oas stora<»:e for fruits in 
I'ln^land has incr(‘as(*d consid(*rably '«inc(* its instid- 
lation in Ib'iS as the ae'coinpanyinc; liiriire shows. 
1'he niimlx‘r ed’ (*oin*erns d(*alin}i with comnn*rcial 



jra.s stores in Knjrlainl has increased from 12 in 1928 
wlien the industry was first developed to 80 in 1935. 
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Need of Research on Indian Fruits 

It is not siirprisinj: (li:it (Miniincrciiil ‘jMs stonitfo of ' 
fruits, spocially applos, lias bocn vory rapidly tak(‘n 
by jrrowers in Kiif^Iand with a (•onsidr'ra]>l(' jrain. 
The sureesa of Ihc itHltislnj mn hehtfrilnilrtl nniiiilii 
to the fart that ronnuerriat apptiratitm o/' (jns 
storaijr of apptrs, rtr., lats i ant riff tit if tirra prnntnt 
hfl tftntj Ifthfudtorf/ r.r peri meats aatl start a/e triats 
oa a snai-rommerriat sratc aati the pea/tie interest- 
eft ia the iittfastry mere iastnateit for the ap/ttira- 
tioa of the resatts tat a eiaaateniat tiasis. Tlio 
pros(*nt kno\vl(Mio;(» of tlio snbjf-ct is (jnit(‘ inadctpiatc 
t(t cnabk* tin* invostijratoi’s |o say preoistOy wliat 
ar(‘ tin* most ravonral)k‘ coinlil ions :is rr*fanis 
tiMiipcraturc, <‘onr(Milraiion of carbon dioxide and 
oxy^<'n for fniils wliicli liav(* not b(‘cn scicntilically 
tcst(‘d. 

If tin* wide possibilities ofnjas stonij^e lor liMiits, 
sneb iis man”:oes, oraiif^f's, bananas, ete., are to la* 
opened lip, two tliinjjs arc* ess(‘ntiai. lb*s(*areli on the 
fundamental pliysio|(»oi,*al pntbleins should be 
eneourajii'd. ^Phese will inelnde the earbohydrale and 
nitrojri'ii metabolism of fruits duriiiii: stor:ii*(*, the 
pi'e>ei v.ition of the vitamin etmtent, resistaiiec lo 


fuii'ral invasion and resistance in relation to the 
eh(*mical composition <d‘ fruits. These investijrati«»ns 
involvin«r the expenditun* of time and mon(‘y 
should draw the att(*ntion of the corjxirate seientilic 
institutions where all these aspects could be worki'd 
out by experts, rnfortunately in India no snch 
institutions are in existence. In a forthcoming 
article the writer from his knowledge of experiments 
done with fruits in Kn^land hopes to jriv(* an outline 
ol the possibiliti(‘s of ch(‘inical chan«j:(*s of fruits 
that may take j>lace during: stora<^(* life. Pending!: 
the solution of tln*se problems, storacff* ti’ials under 
sciiMitilically controlh'd conditions should be <*arried 
out. ])elore embarkinjr on adventures on a c<»mmercial 
sc.ale. 'Phe obj(‘<‘t (»f such trials should be to ch^lim* 
the nMjuii‘4*m(‘nts i»f tin* fruit in vi(‘w, accordingly 
the raiiii'c must m‘cessai’ily be wide in order to cover 
a r(*ason:d»tc number of (‘ombinations of atmos|>heri- 
cal, thermal and pre-storage factors as m(*ntion(*d 
Indore. 'Pin* c(^st of tin* lu'cessary mat(*rial ancl 
<‘4|uipm(‘nf for carrying «>nt inv(*stiLrations of this 
kind is n(*c«‘ssarily heavy. Xevertheh'ss it is pre- 
ferable to linance seientilic investijrations rather than 
to obtain knowledge by the m(‘thod of trial and error 
:i <*omm(*rcial ^cah* which not only involves the 
tra«h* ill a s(‘i‘i(*s of catastrophes but in(*vilably 
h‘ads to a loss of eonlideiice on thr* part of the 
grower, tin* ilislribiilor, and thi* f*onsnm(*r. 


The Cold Storage of Apples 


Th(* followinti not(*s on the b<*havionr ol dilb*rent 
varieties of ap|)les in cold storage should prove 
helpful to jtrowers : - 

Detieioas—U picked when W(‘ll colonn'd and 
])laced in store straight Irom the tree this vari<*ty 
will hold W(dl till ()<-tober or Novendier. The 
flavour improves durinjj stora}>:<*. 

Democrat — This variety is a s]ih‘ndid stor(*r, 
keeping well till the last, excejit in the case 
of over-sized fruit, which goes ‘sleepy/ 

Yates — Tins apple is an excellent stover and will 
keep to the last if the fruit is promptly stored. 


Ihaae Draatt/ St4Ues satisf:n*torily when well 
coloured, but large fruit of this variety should 
not be lH‘ld too long. 

Uohetrooft a tat ('rnftoa Ihith these apph'S 
store very well. 

StfU/maa Wiaesttp (Iocs “sleepy’’ if held 
too long and cons(‘iiU(*ntly should be cleared up 
by the end of .Inly. 

(i ran at/ Satith 'Phis variety stores very well 
if pn*c*aulions are taken to guard against scald. 

The Agr. Oaxette, May, HI37 
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The Mystery of Cosmic .Radiation— Part III 

A. K. Das 

TJpp«>r ftir Observatory. Affra. 


Origin of Cosmic Rays 

Wk have at prosfMit somo knowledge, incoin- 

plotr*, of tlio natiiro nj“ cosinio radiation, but an 
almost com|)I<‘to mystory onvolo])s tlio qnostioii of 
of tiu; orij^in or souroo of this radiation. Various 
liypollavsos hav<‘ boon put fnrwani from tinio to tiiiio, 
two of which due to dedans and Kddint^tem have 
already mentioned in the preceding ])ara‘ 5 raphs. 
Tliese two may be delinitely rnh‘d out as unlikely, 
• for we now have etuivineinjj evidenee in lavour of 
the eorpuseular nature of eosmie rays. Another 
hypothesis, which was for some time advocateil by 
eertain workers, was based on the idea ()f ‘‘runaway’^ 
(‘leetrons due to C.T.ll. Wilson (l!)*il). According; 
to Wilson’s suirjjt'stion, electrified particles in the 
earth’s atmosphere could be accelerated to v(‘ry hi^h 
vehxdties by the (*I(‘ctrie field of the Jitmosphere in 
thunderstorms and could pick up practically the 
wlude (Mierjxy of potimtial drop (about 10‘* volts). 
These “run-away” particles would produce the same 
etleet as that iu’(Mlueed by cosmic rays. .V certain 
amount of direct evichmee against this hypothesis 
was, a few years aj^o, brouj^ht forward by the ob- 
servations of Sclnniland (1!).‘50), who found that in 
South Africa overhead thunderclouds with an 
excess of positive charj!:e }j:ave ris<* to a reduction of 
the order of 10 per cent in the intensity of tlie 
penotratins radiation, indicatinjr that the primary 
corpuscles consist<‘d mainly of positively charged 
particles ; but h(3 found no evidence for the exis- 
tence of beams of “run-away” electrons below' these 
clouds. The observations on cosmic rays at hij^h 
altitudes (far above the levels at which thunder- 
clouds occur) which we have mentioned earlier 
in these artich's also d(*finitely contradict the above 
hypothesis which postulates a t<*rrestrial origin of 
the penetrating radiation. Moreover it is (piite 
impossible to reconcile the idea of “run-away” 


electrons with the observed latitude ellect. As a 
matter of fact there is absolutely no doubt at 
present that the primary cosmic rays are of extra- 
terrestrial origin, but w'hether the source is in the 
depths of cr)ld interst(‘llar space m* the hot interior 
of stars is a ])roblem thsit yet awjiits solution. 

Cosmic Rays and the Astronomical Universe 

An hypothesis [mt forw'ard by Xernst as early as 
1021, according to w'hich the stars w'cre to b(^ re- 
garded as the source of cosmic radiation, held the 
held for a long time, and still enjoys a considerable 
amount of popularity among tin' expc'rimental 
workers on (‘osmic rays, fn the vast literature on 
this subject one linds (‘xpc'rimental evidence both in 
favour of and against this hypotln'sis. Kolhdrster, 
V. Salis, Hiittner, Hess and others b(*li(‘ved that their 
observations indic'atcul the (‘xistence of a variation 
of cosmic-ray intc'iisity aec'ording to sidereal time, 
wdiile Millikan, Ilollmiinn, Steinke, ands other could 
detect no such sidereal period. Kolhdrster found 
that the intensity was greatest in the plane of the 
Milky Way, so that the r^ys were to be supposed to 
originate in the .stars, tin* gaseous nebulae and 
diffuse matter in our galaxy. On the otln*r hand, 
the lat(T and perha|)s more accurate inea.su remenks 
of ]\fillikan and Cameron showed no directional 
eff‘ect ill cosmic rays at all, which is at variance 
with results rc'portc'd by Kolhdrster. The impr(»s- 
sion therefore got abroad that rosmir rays arc 
isoirnpir, that /.v, they come irith cqaal inteiisHy 
from all direrfwas in spare. If this impre.ssion b(; 
ba.sed on truth the source must be symmetrically 
di.slributed round the earth and tliercfon*, as JOd- 
dington has .said, we have to consider the closed 
spherical universe of the theory of relativity, whi<di 
alone can provide the necessary symmetry. It may 
be noted here however that quite recently A. H. 
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Ooliipton pointed out tliiit even if the sources of 
oosniio rays are syrninetrically distributed over the 
Kinsteinian universe (jind outside our galactic 
system) the rays as observed on the earth ouglit not^ 
to be strictly isotropic. We Ixilong to tlie galaxy (on 
tlie Milky Way) which according to modern investi- 
gations (Shapley, Oort, Lindblad) is revolving about 
a point ill the Sagittarius region. Our sun is almost 
§ of the radius from the centric of the galaxy to its 
rim, so that the sun is moving with a velocity of 
300 km./ sec. towards a iioint in tin* Hercules Itcgion 
(47®X, ll. A. 20** of)"'). This translatory nioti«ni of 
our galaxy should, according to ( Vimptoirs theory, 
cause an incrcjise of about. 0. I per cent in the 
intensity of cosmic rays on the side of the e.irth 
facing the direction of tin* gahicti<* motion. (Nanp- 
ton considers that existing obsiTvat ions show tliat 
this translational ellcct actually exists. But it is 
extremely dillicult to attain this oixhu* of accuracy 
in cosmic-ray measun'mcMits, for tin* inten>ity as 
measured in the lower levels of the earth’s atmo.s- 
phere has to be (*oiT(*ctcd fora number of atiiu's- 
pheric inihiences, such as tin* barometer-ellect, tlu‘ 
tiMiiperatuncenect, etc.- -a procedun* full of um*cr- 
tainties. Hess v<‘ry recently (Dec. Ht'Jti) expressed 
the view that (‘xisting observations of intensity when 
properly corrected for barometer and temperature 
ellects show no transitional eflect, as deduced by 
(kmipton. Thus the existence of the translational 
cilect has not yet biaai experimentally established, but 
the theoretical possibility of its (‘xistenee remains; so 
that a strict isotropy of the cosmic rays is not to be 
exiiected even if they are, as seems very probable, 
phenoriKMia of the Einstein rniv(‘rse. 

Cosmic Rays in the Expanding Universe 

It is well known now from tln^ theories of Kri<*d- 
mann, Eema»tre and Eddington and the observations 
of Jlnbble on the recession of nebulae that the 
Einstein Universe is expanding at the rate oi. about 
o.oO km./sec./megapar.s(‘c ; that is to .say, a nelmlaat I 
megaparscc ( — 3.2(i million light-years) di.staiice 
should have a spe(*d of recession boO km/.sce«, 
at 10 mega parsecs distance 5500 km./.scc., and 


.so on. Fkldingtori estimates that tin* universe has 
expanded about five-fold since it started expanding 
from its initial state in whudi cosmic repulsion 
just balanced gravitational attraction. According 
to a view once expressed by Lemaitreand Echlington, 
cosmic rays were produced by .some yet unidenti- 
fied sub-atomic proce.ss which took place when the 
nniver.se was clo.se to its initial state ; if this sub- 
atomic proci'.ss is identified, we shall be abh* to 
“t<*ll just how much the universe has expanded smci* 
then”, for “cosmic radiation' is a collection of relics 
stamped with an in.scription indicating tin* dimen- 
sions of the world in its earli<*st stages”. But 
Eddington warns us against the mistake of identi- 
fying the wave-lengths of cosmic rays (as deduced, 
by th(! ap|>Iication of the Khdn-Xi.shina formula, 
from th(* pre.sent measures of .absorption co-eflicients) 
with the initial wave-lengths, for tiu? rays must hav<‘ 
.softened by a fai'tor of 5 or more since they first came^ 
into e.xistcn(‘e. E,\[)(‘rim(*ntal physicists will regard 
this s])eculation as om* mon^ fairy tale f)f a.stronomy, 
-and pm-haps with siillicient justification, for it 
has been definitely disproved that cosmic rays, as 
ob.s(‘rv(‘d on tlu' earth, po.ssoss unmistakabh* charac- 
teristii's usually attributed to phol(ms. On the 
otluT haml the latitmle-ellect unmistakably . points 
to the <*orpuscular natun* of cosmic rays. 

Milne’s Theory of the Origin of Cosmic Rays 

A very r(‘cent hypoth(*sis due to Milim (l!>35) 
.seems to fare better in this respect, for he identified 
“the prim.arv agemey responsilih*. for cosmic rays 
with high-s[H*(Ml particles acccIcTated to the vicinity 
of the s[)eed of light by tin* gravitational pull of 
tlie rest of the nniverso”. Milne claims that “it 
can be shewn from the properties of his kinematic 
world models that any unimpcd(‘d (/. c., freely 
nioviiig) partich*, at large in intergalactic spaces 
undergoes aec(‘h*ration as reckoned by an ob.server 
Joeateel on any arbitrary nebida, and attains the 
speed of light at .some finite epoch in the experience 
of that ob.server. It then decelerates. It eiin also 
be shewn that at any arbitrary epoeli, in any arbi- 
trary domain of int(‘rgahictie space, there will o(*cur 
.some particles poss(*ssing v(‘lot*itics arbitrarily close 
to that of Might. If such a imrticle, of atomic dimeii- 
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sion.s, linpiHMis to iindor^o collision this 

plmso of its tnijootory, it will ^ivo rise t(» ottocts 
siiniliii' to those* ()bs(*rv(?d in ceisinuvray ex|K‘ri- 
iiients”. 

At prcst'nt there npp<*nrs t(» be no exiieriniental 
evideneo that enn be regarded as falal to Miln<‘^s 
hypothesis, but there are a niindier of eonsidera- 
tio*iis which point to the cone*hisi(»ii that cosmic 
rays need not necessarily oriy:iiiate from the 
ineehanisin contemplated by Milne. Towards the* 
end of UKU Kollidrstei* and .Janossy have? shewn 
by very accuiate* measurement that cosmic rays 
are far from Ihmiijj: isotropic, thus jiistifyiiij^ tlui 
(*arlier results of Kollidr-ter, Biittner, Corlin and 
others. In f(»nm‘r years wh<‘n the experinu'ntal 
t(‘(*hni(|ue had not (h‘V(*loped so much as at- present 
all oljservers were a^re(*d that th<‘ sun could lx* ruled 
out as a ])(»ssibl(* source of cosmic rays. But in n*ccnt 
years, with tln^ use* (»f hijih-pn'ssure ioniz;ition 
chamber, lloiVmanu, Lindholm, Hess, Comptoti, and 
others have arrived at the conclusion that then* is 
a delinite, though e.\tn*mely small, diHerence between 
tin; averaj^e intensiti<'.-, of cosmic rays duriny: tln^ 
day ,and (he nbdit, the day int<‘nsity b<*iny: 
about 0.7 per ce?it more than the nijiht int«‘nsity, 
and the absorption co-ellicieiit of the dillcrencc* 
in ionization beinj; about the .same as that of 
tlu! whole of the cosmic radiation. Hess and Stein- 
manrer (I'.m), Freyta^r (IJ);};]), and Corlin (BKH) 
have also (h't(‘eted c(*rtaiu connections betw(M*n the 
intensity of cosmic rays and sunspots, majrnetic 
.storms, auroral displays and similar phenoiiu'iia 
which are recoj:ui/ed to be of direct or indirect solar 
oriti[in. Thus there has l)(*en a tendency to c(»nclu(h* 
that the sun is n'sponsible for an extremely small 
fraction of the observed cosmic rays. N«»\v if the 
sun, which is but a e<imparalively old yell«)w dwarf 
.star, can emit cosmic rays, tlien the «)ther stars, for 
examph?, the yoiiuji: giants and more especially the 
novae, shonld be expected to be far mon* potent 


sources of cosmic, radiation. Of course, on account 
of j^reat distance, their effect would be proportion- 
ately diminished, and hence the view that cosmic rays 
are isotropic in space remain nnaffected. If there 
is any triitii in these observations, timre is a certain 
amount of probability in the empirical relation claim- 
ed to iiave be(*ii observed by Kt)lhbrster and others 
(hat the maximum in the inteirsity of cosmic rays 
oeeiir.s when tin*. Milky Way crosses the Zenith, that 
is, whc‘n the j 2 :ri*ate.st depth of the stellar system to 
which w(^ b(‘lonjf is overhead, ff this relation oi the 
intensity of the peiietratinjj: radiation to the position 
of the Milky Way lx? true, then it may turn out that 
it is umu'ccssary to cofisiilcr s«)nrces outside onr own 
j;alacti<‘ system. In any case*, whether tlu^ sources 
belonjL!: t(» onr galaxy or to the extra^alactic .systems, 
the important ones arc most likely to be the brijrjit 
and dark ix'biihu*, the ordinary int(*rs(.elhir matter 
and the oub*!* layers of (he stars and possibly ot the 
sini ; for the lx)t interiors ol ordinary stars li(* 
behind screens of stoppiiiLC pow<‘r much tjrcatcr than 
a metre* of lead* so that all the p<*uetratiiiy: radiation 
from stellar inte^riors would lx* softened beyond 
rc 4 *oM;iiiti«m by (’ompton scalterin^j. 'riu* position 
is however ve*ry dillcreut in tlx* ease* of the* U(>vae or 
new .'^tars in which matter from tlx* interior rushes 
out with ti’eiix'ixlous v(‘hx*ities som(‘times ol the 
orde*r of ‘il)00 km/see., as is <*vi(leueed by th(‘ dis 
|)laeM*nx*ut llie liu(*s in their spectra. It weudd be 
outsiele iho. scope of tlx* pn‘seut arlieh? to di.seuss 
the possible caiise.s aix! tlx*(»ries of nova outbursts, 
but we shall indicate* in arx)ther artie*h? how ne>va 
outbursts can y:ive‘ rise* te» fast-nx)viti^ |)article's 
wliich may be ide ntiru'd with the* ee)smi(! rays as 
ol)serve*d n\\ the e-arlh ; iud(*e‘d the* view has been 
advance*d that the* whole* e)f the ce»smie* radiation may 
li.ive its ^)ri^^in in ne>va emt.bnrsts. 

♦ Tlie stopping: power of tlx* whole of the esirth’s ntino.s- 
jjhere is loujrlily cciuivaleiit ta 10 metres of water or icc or 
1 metro of lead. 
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Drilling Mud : Its Manufacture and Testing* 


The Mining ami Geological Institute of India lias 
recently published (Dec. lIliKi) in their TmiisaHioim 
acconiit of a very interesting series of work done by 
Messi'H P. Evans and A. Ueid. It is well known 
that the Bnrniah Oil Co. has been the pioneer in 
Burma and India in the development of the oil 
indjistry. They have carried out a large number of 
experimental borings in search of oil in Biirina and 
Assam, using the latest a])])lianc(‘s, and often using 
inventions of their own. Their scientilic workers 
have, in this way, not only increased our knowledge 
of the Earth’s crust, but have sometimes presented 
science with phenoineiui of a new tyjie. The new 
pluMiorncnon deals with the bord(*rland between the 
liquid and the solid state, and tin* following is a 
short story of its discovery. 

There are three drilling systems in regular us(? 
in the oil industry: percussion or cabk-tool drill- 
ing, core drilling, and rotary drilling. Tlui rotary 
drill, of comparativcily modern development, is by 
far the most important, and has enabled the pros- 
pecbir to reach depths of ten and even twelve 
thousand fee'! in his search for new supplies of oil ; 
the essential featur(? of th(‘ ‘rotary' is a long pipe 
rotating at high speed and carrying on its end a 
bit of suitable design. In the early days of rotary 
drilling it was customary to remove the fragments 
of strata — cuttings as they are called — by iikmiiis of 
a stream of water which passed down the inside of 
the pipe (tarrying the bit, through apertures in the 
drilling bit, and up the annular space between the 
pipe and the walls (»f the hole. In wells drilled 
tlirongh clay or shale, the water in eireuhition 
becatno. muddy and sometimes so viseous as to 
necessitate addition of fi‘esh water and rejection of 
a part of the fluid in circulation, and it was noticed 
that this clay-laden water had many advantages 

By P, Evans and A. Reid, published in the Tranmetions 
of the Mining and Geological Institute of India Vol. xxxii, 
pp. 1-263, 1936. Price Rt. 13 or 19s. bd. 


over clean water .as a circulating flnid and tin* n.so 
of a mixture of clay and watcT- bTined mud-Hiiid 
or drilling mud — for rotary drilling is now a univer- 
sally accepted practice. 

The increase in d(?|)th to which wells have been 
drilhal has bnaiglit with it a very great increase in 
the diflieiiltie.s of drilling and within the last few 
yeai-8 the need for (inding the most suitable clay- 
water mixture for the conditions encountered has 
beeome more generally a[)preeiated. The ijuportiince 
of drilling mud is illustrated by an instance in which 
over twerity-Hve thousand p<»unds were spent on the 
provision of drilling mud for a single rotary well, 
and it is evident that the properties of this ‘mud-fluid^ 
deserve tin? mosf careful investigation. The paper 
by iMessrs Evans and Keid forming volume XXXII 
of th(i TmnsttctifHis i>f the Mining and (i(M)Iogic 2 d 
Institute of India disensses the preparation and more 
partieularly the testing of rotary drilling mud. 

aim of the writers lias Ix’eii to di.sciiss 
experimental results obtsiiiied in the laboraturie.s of 
the Bnrmah Oil Co., and to review the wide litera- 
ture to which they have had to refer. 

Drilling miid is usually made in a central 
plant for distribution to a number of wells ; methods 
of mannfaetnre are based either on ehnriiing or jet- 
ting or pref(*rably a combination of these. A method 
of jetting often termed liydraiilicking is useful in 
mixing up soft <?lays or shales ; a high-pressure jet 
of water is forced on tlni clay fa(?e, and the resulting 
thin mud n*-cyel(!il until it reaches the d(*sircd con- 
sistency. In hopper mixers, there is a hori/^ontal 
jet below an inverted cone, and ground clay or shale 
is fed into the month of the hopper, siicke<l down by 
the vacuum created by the j(?t. and .so mixed inti- 
. matcly with the water. 

The mud plant must also deal with the reclamation 
of used mud— especially desii'ablo where the cost 
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<)1‘ fresh mud is iiijrh. l^emoval of saiul and cuttinf^s 
broii^iflit up duriii^^ drilling is a(*liiov(Ml by a settling 
diteli along whieli tlio mud Hows, by ])assage ovct 
vibrating scr(*oiis, or by ccMitrifugal means. The 
vibrating ser<*eii is also useful in removing gas which 
becomes trapped in tin* mud wlien drilling through 
gas sands and may remain there witli remarkabh* 
pei'tinacity. The simpler means of chaining tin* mud 
are provided at all wells, and flie more (‘laborate 
ones at important wt'lls and in fhe central mud plant. 

To obtain the b(‘st results, in both manufae- 
ture and use, aderiuatc testing is re(|uir(‘d, and this 
subject is discussed at length in tlie |)a]ier. 

Mud should b»* regularly weighed whilst in 
use in order to ensure that sunici<*nt hydrostatic 
pressure is maintained at tlu' ])otlom of the well and 
also because, when tlu' projiertit'S .of a mud are 
sunicieiitly well known, it is possible to specify a 
range of weight within whicli th(‘ mud is likely to 
hav(i the desired characteristics. I'Ik* weight (or 
more accurately, sp(‘eific gravity) may b(* confroll(*d 
by varying the proportions of solid ami liquid or by 
varying the dcMisity of the liijuid — (\(j„ by using brine 
instead of water. To obtain muds of high sp(*cific 
gravity barytes or haematite is added. 

Perhaps the most important test on a mud, and 
the one l(‘ast understood, is the measurement of 
viscosity. Drilling mud in flow does not behave in 
the same fashion as a siiuifle li(|uid such as water 
or oil. WluTeas the small(‘st force applied to a 
true liiiuid in a long narrow tube Avill cause a slow 
flow, this is not so with drilling mud, which possesses 
a vnlue^ which must b(* overcoim* befon* flow 
tak(*s plac(i. Tin? resistama* t() flow depemls not 
only on this initial resistance but also on the mobility 
of the mud, and consequently in place of a single 
number to repri‘S(mt viscosity it is necessary to 
employ the two express^ons‘vieldvaIue^md ‘mobility.’ 
This type of flow is ti-rmed ^phfslir flow,’ and the 
subject r(M*eives detailed tniatment in the pa|)er. It is 
pointed out that b<*caus(* the majority of writers on 
mud fluid have not ap])reeiated the need fordes^-ribing 
the flow of mud in terms of yield value and mobility 
much published work *s diflicult to interpret. 


The paper then goes on to discuss viscometers 
used for measurements on mud fluids, and describes 
tiiose employed in America, India, and elsewhere. 
For roiitirn* work in Uiirma and India a paddle 
viscometer has been e.xbmsively used; in this the force 
needed to rotate a small paddle immersed in the mud 
is measured by placing w(‘ights on a scale pan. 
Diflienlties in opiu’ating the various viscometers are 
dealt with in brief, .with fre(|uent referenees to the 
relevant literatim'. A^arious factors affecting vis- 
cosity are illustrated by reference to actual (*.\amplcs 
of measurements by th(‘ authors and their colleagues. 

The problems of the flow of mud in the circidat- 
ing system t)f a well hav(‘ receivi'd but little atten- 
tion in the past and an attempt is imuh* to indicate 
lines on which it might be possibh' to relate the 
physical properties of the mud to the pressures 
needed in the punqis which force the mud through 
the circulating system of the well. As the mud has 
to travel at high velocities for perhaps two (»r three 
miles in a very rcstriet(‘d space, the pump ])ressures 
re<iiiired may be extrenufly high. 

Hie next subj(»ct to be discussed is ihixniropip n 
]>h(momenon of fairly common occurrence but om* 
which has not reci'ived the attention its importance 
deserves. Thi.voti’opy ndVrs to the* property where- 
by certain muds will gradually set to a j(‘lly-likc mass 
but will return to a mobile liquid if agitated and 
again set to a jelly if allowed to remain undisturbed. 
The change from licpiid to jelly and jelly, to liquid 
may take place' almost indefinitely. There has bei'ii 
conskh'rablo confusion in the literature between the 
variabh* viscosily shown in plastic flow and the 
changes in viscosity produced as a thixotropic mud 
sets to a j(‘lly. Areasurement of this important 
property of thixotro|)y is eomplicatc'd, and control 
has not yet been satisfact«>rily achieved. 

A fairly full trc'atment is accorded to the mea- 
.sureinent of acidity and alkalinity In view 

of tin' manifold appli('ations of /df in industry it i.s 
to be expc'ctetl that y)If of muds may bo important 
in a number of respects, but so far expc'rinientjd 
work is slight and not (Uitl»*ely satisfactory. 

Other tests made on mud are more briefly dis- 
cussed ; salinity tests— to deterniiiie the amount of 
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building up of a sliontb of olay on tho surfaoo of 
tlic formations drilled tlirouy:li. 


salt in tho mud aid in tlio dotootion of small inflows 
of salino wator fnun tho formations drilh'd tliroiiirh ; 
stability tosts aro vory imporfant, as unstabh* muds 
may load to almost oiidloss troubles in drilliiiy:. The 
amount of sand earned by a mud should la* a mini- 
mum ill order to reduei* wear ami te:ir on pump 
parts, and froipumt cheeks on Jhe sand eontenl are 
recommended. The size of the particles composing 
the mud, f he colloid conli'iit, the plasterinjr |)ow<*r, 
file plasticity and various other prop(‘rfi(‘s receive 
consideration. Plasterine: p(»wer is an important, 
although littlo-uudc*rsfood, propr*rty which la'ars 
on one of tin* important functions of (In* mud -the 


There are numerous illustrations in tin* text, 
emphasis beinj; laid on the jrraphieal presentation of 
exp(‘riim‘ntal results. The relerencc's an* drawn 
from a very wide ranjje, and the detailed lists of 
conl<*nis and the full indexf's make it <'asy to turn 
to any of the subjects ilealt with. 

1'he pajicr provides an example of the way in 
whi<*h jipparently minor technical details of an 
industry may j>[ivo rise to prolonged sci(*ntific invr‘s- 
ti^ations, and also an exam|>I(‘ of the a])|)lication of 
apparently (piite aeademic eminiries to matters of 
industrial importance. 


Allantoin and Cicatrization of Wounds 


Laukky I‘J), tin* celebi’ated French snrjrc'on 

of the C ramie ArnicM*, obs<‘rveil that the [)rcs(*nce 
of larva of flies on the wounds or sores licl[ 'd 
their ci<*atvization. This observation was only taken 
advantage of near about liK'^Owhen I laer «»f Balti- 
more undertook to utilize; th(*se larvae* in thera- 
peutie*s. The f(*chniejiie* re*e*e*ntly stueli(*el in hVam*e 
in the.* laboratory of Professor Ih-innpt ij:ave snr- 
prisin^ results in the tre*atment e)f wonnels ami 
e>st(*enny(*litis. 

This hap])y ivsnlt is due to the* pnalnetion of 
diverse .snbst:ine;es by the larva ameinjj: which the 
first to be* cliaracterize*el was alhmteiiu. 

This diurcide* e*xee*re*ted by a larfre; nninbe*r eif 
animals and plants is derived frenn the* disintej^ra- 
tion of nuclear pre)te*ins of orfjanie cells. 

Allantoin was disi-eivorcd in I7f)fl in the Muse*um 
of Paris by Vau(|ue‘liu iii the* amuiotie* lie|nid of 
ce>w, and it feirincel the ae*tive* prine*iple; eif “(Vmi- 
froy’\ Symphijiiun Officinuk^ the plant rcuowueid 


sim*e middle* aejc's for the tivalnient of nle‘(*rs and 
won mis. 

Dr Macalister in l!)12 first e*mploy(Hl with 
sne«*(‘ss seilntieuis of allantoin eeblaine'd from an 
extract of the root of above plants, but tiu? small 
e*emte*nt (O.SJ^e) of the active princiiilo rendered 
this im*dieine costly. 

Allaiiteiin e*an now be prei)are*el e-conomieally 
from uric acid (whie*h is a commercial prodne*t) by 
eixielatiem with alkaline* ])e*rman^anate*. 

In a O'') pen* e^ent solution of this syntlmtic 
allantoin the* dre'ssiiif^s arc soakcel anel plact*el on 
the* we)nnds. Tn sne-li tninblcs as jrastraljria, ulcers 
of stomach ami dnodeiinm, allantoin as an internal 
me'dieine has also pre)ve*el very successful. 

The e*xtrae*t of larva brought np ase\)tically 
and crnsh(*d nmler sle‘rilizcd water cemtains be*- 
sides allantoin all the* soluble prodne*ts e)f the nrga- 
iiisni e)f the'se* inse*cts. lb'e*ently this is be*iiij|; employeid 
in France ami Dr Maurice* has made a medicine which 
in certain eases is preferable te> allantoin alone. 
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The presence of jirnino neids is the emise of this 
etfieaey beeaiist* tin? employineiit of histidine, niueine, 
leucine and pepsine has recently become enrrent. 
in derinatolojry and in the treatment of internal 
nl<*crs. 

Lastly Dr Ko])inson has applied with full success 
nrea for the cicatrization of varicose nic(*rs, of e.x- 
t(‘nded infections burns and tin* treatment of (M'rlain 
buccal and cutaneous infections. A steriliz(‘d solu- 
tion of 2 per cent nrea in compress fre<piently 
renewed has caused to disa|)pear all pain and pro- 
voke in the tissues inllnx of blood which favoured 
the rc'paratory action. i\o dir(*ct microlncide elfect 
has b(‘en observed but the abundance of leiico- 
eyles carric'd by tin* eirc*ulatioii of blood contributes 
to tlu^ rapid elimination of infections bacteria. 

^ The modest price <»f nrea xvill certainly make 
it an easily available medicine. 

Originally nrea was extracted from the urine 
of herbivorous animals but sinc(‘ over 10 years 
it is obtained industrially on a larj^e scale in Kiirope 


and in America synth(?tically either from calcium 
cynnarnide or from ammonia and carbon dioxide. 

Caleinm eyanamide suspended in water is trans- 
formed by an acid to eyanamide which takes np 
one molecule of water and is transformed (piaiiti- 
tatively to nrea. 

This last reaetion takes pla<*e in presence of 
dilute snlphnrie acid at On the other hand 

ammonia and (‘arbon dioxide form animoinnin 
carbonate of which the dissociation in the heat 
and iin(h»r pressure civos rise to nrea with a good 
yi(*ld. 

Urea is now actually found in the market at 
such ])nee that aj^rienltnrists and hortienltnrists 
use it as nitro^fuions mamire. [ts piiriru^ation for 
medical use will r)ot raise the price* fuiieh hijjjher. 
Thus nrea which is fornu'd hy the hydrolysis of 
ailantoin is the most advanet'd prodmd. of inte'^ra- 
tion of proteins and its eicatrizinj; action could 
not be predicted a priori. 

The pro«;re.'‘S of (“hemistry has permitted once 
more to disenjrjijrc fnmi (|)(. empirical recipe of the 
pa.st the active principle. — SoorcUcs da In ('hi otic. 


New Preventive for Silicosis 


Much interest Ims been aroused by the annonnee- 
inent that as a result of research work eondueted by 
tin; Hantinu: Instiinft* in co-operation with the* 
Mefutyre Mine at Selnimaeher, Ontario, a discovery 
has been made* vvliich may lead to the prevention 
of silicosis. 

Th(‘ now iiKdhod, wdiich has been worked out by 
l)r Dudley frwin, of Toronto I'niversity, under the 
siiptn’vision of Sir Krederiek Hantinjx, the discoverer 
of insulin, with tin* assistance of two oflieials of tlie 
McIntyre Mine, Dr W. 1). Hobson, a siirtjeon, and 
Mr fl. ♦!. Denney, a nndalhir^ieal Lnginee]*, is based 
on tin* theory that by a eln'inical organic reaction 
quartz dust tlissolves in the hiiij^s and produces 


dejreneratifm of tln>se organs. The in‘w remedy con- 
sists of tin* ns(* of dust particles of metallic ahi- 
miiiinm as ;• jircvcfitivc and it is claimed that the 
aluminium delays the solubility of the quart/ dust 
and thus prevents nodules from forminjj; in the hinjjs. 
Tlie res(*arehers found that rabbits kept in a box 
eontainin^j ((Uartz dust developed silicosis ; but 
were iimniine when particles of ahiminiiim wore in- 
haled with that dust The Academy of Medicine in 
I'oronto, to which the paper on this discovery was 
presented, is responsible for the prononneeinent that 
the work represents a most ontstandin^ contribution 
to tlie history of silicosis research. 

— The Colliery (humlian, June 25, 19I]7. 
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An Insectivorous Plant in Bengal 

J. C. Sen Gupta 


ProfcBsor of Botany^ Presidency College. Calcutta. 

Ahlroranila Vesiculosa Linn is ji rootless, fm* 
floating, aquatic plant, and is of special interest due 
to its being insoctivonui.s. 


Yorniis plant lias been recorded fmm many p.arts ni' 
Kurope, c.(j., France, ftalj’, (lermany. Ibissia, Folaiid, 
Ilnngary, C-aueasia, etc., Kast(‘ni Australia and rlapan. 







fetL4|i<v 






2. One leaf XKl exce]>t the 
Hatletied Inniina which is more 
hij»hly ningniiied. 


Though taken as a rare sp(‘cics with a peculiarly 
detached distribution, thi.s rootless, atjiiatic, iii.seeti- 


ri^. 1. A Loiiiplete pl.aiil, ahont 1.5 Xat. si/e. 

^rh(‘ first r(*e(U*d oi the plant from India 
is from Ikaigal by Roxbnrg in I .SI 4 (pub- 
lislu'd 1S32) who does not say it is rare. 

/ Voigt writing in ISI.") mentions hi-i failure 
to find it iHMir Laleiitta though ten yi'iirs 
lat(‘r it was n'diseovered by T. Thfimson 
in salt pans south of ( aleiitta just to the 
nortli of Siindarbaiis area and again by 
4. Kiirz in lSb7 in th(‘ salt pans by Mutlah 
(port (aiming). 

Since then there has evidently been no 
record of the plant frmn Bengal, (hough 
it was fr(‘qu(‘ntly looked for specially iH‘ar 
( alining and ( ’aleiitt.'i salt liik(*s in vi(‘W 
of its special nature. 

The writer diseover(‘d and eolleete<l 
quite, a number of sp(‘eimens of this plant, 
complete with flowers and fruits in the 
first part of .August PKlb during a journey 
by boat at Dorabati and Baligaon between 
eptthe Tarpassa and Boloi and subse(iin*ntly in 
s inon* October from Outshahi, vSilinipnr and 
• neighbourhood in Vikrainpur in the di.s- 

trict of Dacca. They were found growing 
(luitc commonly with I fncalat ifts, Ilyijna ln \a 
Aristala Nees, Muriitphylhnn Sp, Uiccia aatans. 
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AN INSECTIVOROUS PLANT IN BENGAL 

The reasons for th(‘ plant not beinjj; detootod last 
seventy years seem to me due to the general look of 
the plant bcinj^ not commonly known, and to (he 
submertred parts of h^astern Bengal not beiti}^ 
usually visited botani(‘ally at tin; time of tin* y(*:ir. 

To come to the actual description of the plant 
itself, the plants ar<‘ found lloatine; on (lu‘ surfa<‘e 
or just below, and are (» 
to 1) cm. lonj; (Fijj;. 1) and 
the len^jth of the mature 
i n ternodes va r i os be twee 1 1 
4 and () mm. 7 or 8 Icav<'s, 

(more commonly S) are 
arranged in whorls round 
the stem and their broad 
petioles terminate in 4 or 

0 ( more commonly o ) 
rigid projeetitms, each 
with stilt*, short bristles 
(Fig. .4). The length of 
projeetioii varies between 

1 to 7 mm. (more eoin- 
inonly 5 to ti mm.), and 
the broad ])etiol<‘S are 4 
to t.n iiiiii. long and about 
1 mm. broad in the yeung 
plants found in August, 
which are ratluT delieah’, 
pale yellowish green and 
slender and old i)lants in 
October are thick, swollen 
and darkish. The petioles 
in old plants (in October) 
become much stouter and 
darker, and longer, lieing 
(>.0 to 7 mm. long and A cross sccti<»n of a part 
about 2.5 nun. Im.a.l, oflc.r lan.i-.a ...aBuinoa 

riM • .1 1 1 1 f 1 • 

Ihe bilobed leaf lamina 

is at the end of this petioh; and the midrib is 
tipped with a bristh* and stands in the midst of 
projections (Fig. 2). The lobes are (ranshieent 
and formed of very delicate (issue* and 



in nature they are usually found in a closed 
condition, hlach lobe exceeds a semicircle in 
convexity and eontaiiis two inner eoneentrie 
portions next b> the midrib and is slightly 
concave. Tin* upper surface of this inner and 
lesser portion is studded with <*(?l(nirl<‘ss glands 
whieh an* imu’e numerous near tin* margin and at 
the midrib. Tlie glands are siipi>or(cd on distinct 
Ibetstalks consisting t»f two rows of cells (kig. 4). 
On this etmeave, gland-lx'aring p«>rti<ni ef (he lol)(‘s 
and midrib, th<*re are niinuTons finely pointed hairs 
(Kigs. 2 iV: 4), wliieh, there can lx* little doubt, are 
s(‘nsilive to a tou(‘h and wlien touched eaus<* the 
leaf to eloM*. They have radial and ])asal artieula- 
tioiis owing to whieh it seems el(*ar they escape b(*ing 
broki*!! when the lob(‘s elo.se. 'riu! total breadth of 
this inner portion of the llatten(*d l(‘af lamina is 
about 2 to mm. and tlx* hmgth oi tin* midi'ib 
without th(‘ projection IM) to mm. 



Tin* outer and flic broader poi- 
tion of the* lobe is tlal and very thin. 
TIm'I’c are* no glands on t heir upper 
surface, but in (lie ir |)laee* th(*re* are 
small epiadriliei processes ( h'ig. 5), 
each e’emsisting of four tapering 
projections (h'ig. ,")) and sonie*lime*s 

three*, 'rile* tolal breaellh of the 


l*il4' llatte*ne*ei le*af lamina is .‘kfi te) l.f) mm. 

A <|uju!rilid pro- ^ 1 jiiTow rim of tlie* broael flat ex- 
cess of llic outer . n 111** 1 

tenor part eu e*ae4i lobe* is liirne*(l 
Iciif lamina imii<- . i • i- i 

„ir,e.l about .?()() inwards and on the edge is toiniel a 

Uuws. row eif cemie-al, transpan*nt, ilatf ene‘d 

points with brosiel bases like‘ the ])i’ii*kle*s on a stem, 
so that when the lobes arc closed, the <*xterior sur- 
I’aei-s of unfolded portions come intei eeuitaet (Kig. 2). 
riie. tloweus are* solitary, borne on the* no(le^ from 
where the wluirls of leave*s originate, and the* stalks 
..1*.. ultirliflv’ liiMit Howards. 


In Oetolx*!* the plant.s are* darke*r and in part 
decaying, and the* llatte*n(*d lamina falls emt first, heav- 
ing the* broad pe-tioles, and matniv fruits are e*enn- 
moii on the; idaiils. 
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Relapsing Corrosion of Ancient Bronze and Copper 

('oiis»‘rv«h)r.s and n>IIcftors of anficrit objects in 
bron/i‘ )r «‘o|)|H‘r arc fainiliur witli llic curious jdiciio- 
iiiciioii known ‘as the malady of copper or ‘pcsl of 
collectors.” 

One noticc.s a wet spot of a bright green eoloiir 
which ippears on the surface loward.s the end of 
siuiinn-r or during the first days of autumn. In eon- 
s»'(|uenee, the spot dries up and disintegrates after 
giving a bright green powder. 

'riiis corrosion takes place most frequently on 
objects imported from dry climates. Sometimes this 
corrosion imprints the form of a bright green afflores- 
eenee on bron/.e obje<'ts mei'lianically cleaned 
(sera})ed or engraved) and may cause the olijeet 
to be fragile, and the loss may be irremediable. 

Ilertlndot, who had studied this phenomenon. 
atlribut(‘d it to the formation of hydrated oxy- 
chloride of copper, ataeamit(‘, ])rodueed in course 
of a primary reaction betw’e<*n e«)pper, sodium ehh>ride, 
and atmospheri(‘ agents. According to other authors, 
particularly h’ink, the eorro.vion is attribultal to the 
decomposition of ataeamite in presence of humidity 
and carbonic aei<l. Ueeently, Fink and Folushkine 
have shown that whatever may be the intermediate 
I'opper products basic chloride or sulphate — it is the 
malachite (stable carbonate In ])resenee of carbonic 
acid) which is formed. 

- I 4a Nature, S79, 3003. 

Proposed Archaeological Activities in India 

'riie Archaeological l)ei)arlment, it is reported, 
has beft»re it a eom|)rehensive programme of excava- 
tion to be undertaken at several mounds in the 
Punjab and tmited Provinces during the next cold 
weather season and the survey W'lll include alst» some 
recent diseovi ries in Pcngal and South India. Con- 
siderable interest is attached to the. .several moiiiul.s 
in the Punjab, espceially in the Sheikb|uira district, 
wiicre pottery fragment.s, both painted and 


ordinary wanr, have been discovered. Great ex- 
pet lation is entertained from the extensive 
mounds .at .\srur and the site at Kala Shah Kakii, 
where painted pottery, beads and terra-cotta oll>jects 
weri‘ found on the surface. 'I'rial excavation is also 
proposetl on .some of the mounds in the south-east 
of the Punjab, the best known of which are those at 
Agroha in the His.sar District and Khokrakot near 
liohtak. Dr K. G. H. .Maekay on behalf of the 
AmtTiean School of Indit; Re.search will resume his 
operations this w' inter also. 

Sevcj'al important sites in the Sabaranpur and 
Hijiiore districts in the Gnited Provinces have lately 
engaged the attention of the Department, and system- 
alie exploration w'ork is to be earric'd out there. Work 
is also to be resumed at Kausambi, one of the earlic.st 
historic cities, near Allahabad, and continued at 
Laiir.ya Xandangarh, where hnils of great importance 
have lately been unearthed under the supervision of 
Mr N. G. Majumdar. 

Recently a site has been discovered in Jlengal 
on the banks of the Damodar, near Durgapur in thci 
Hurdwan district, and the find.s recovered there point 
to a j)re historic character c»f the* place. 'Prial oj)era- 
lions are proposed to be undertaken next w'inter. 

Excavation work i.s also contemplated at several 
other places, e.c/., in the .Madura and Tinnevally dis- 
Irict.s in the vSouth. Field work is also w'aiting at 
.several other places to be taken up at an early date, 
(but the funds of the Department arc unfortunately 
not cmougfi to permit an extensive, country-w’ide sur- 
vey, which remains on that account suspeiidcul till 
a later date. 

• I *,• ' 

The Maya Astronomy 

We often come across reports regarding the great- 
nc.ss of the .Maya .seicnee and of the civilization from 
early first millennium H.C. that existed in Central 
America before the Spanish Conquest, but these re- 
ports are mostly vague and at times exaggerated, 
though many authoritative accounts appear from time 
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lo lime, which throw a llooil of liy;ht on these ])oiiits. 
The latest arliele on this very interestiiifi; subjeet 
a)))>(‘urs in 77i<* 7V/e.yc*o/;e, May-June from the 

pen of Daniel Norman, and it “clearly pictures the ^ 
knowlcdf>:c that the Maya piissessed bolii of mathe- 
matics and of the motions of the heavenly bodit^s.” 
'File Maya system of counting was vigesimal, /.e., 
they eount('d by twenties and not* by tens. In one 
year (calleil "Vague year” by the autlior) there were 
*18 months of 20 days each and a short one of 5 da\s, 
so that the number of days in a year was 8(55. They 
had also 20 day names. “A complete Maya dale, eon 
sisted of the serial number of the day counted frtiin a 
beginning date far in the past, the position of the 
day reached by this number in one of tlie months 
(»f a 8(i.)-day year, the position of this day in a per- 
mutation formed of twenty day names and thirtieii 
numjbers, and, fin.illy, one of the nine Lords of the 
flight.” We have also eontirmatitm, in the Maya 
ri'cords, t)f the praetiei' of holding what is ((piivaleiit 
to an international astronomical eongiu ss in order lo 
settle many j)oinls of disere)>‘i(!(’y arising out (ff afi 
endeavour lo inaint.iin a slandar ! alendar. It is in 
teresting to note tliat the Maya had devised astrono- 
mii‘al instruments and used aids to nakt'd (‘ve ob.ser 
valion. 'riieir inscriptions go lo reveal that tliey 
were accurate observers and knew tlu.‘ length of the 
tro])ical year t(» an ania/.ing degn'c of accuracy, and 
that the nus year was w<*ll known. "Kcli|).sc and 
lunar tabh's, and e])himerides of .Mars and Venus 
have dcHnitely been identified in the Dresdensis; 
tables for ,Iu|)itcr and Saturn have been U'litatively 
ith nlified and an ephemeris for Mercury has f)ei-n 
suspected.” And there are gooil n*asons lo believe 
lliat they stumbled across eclipse sy/ygies at a very 
i*arly date. 

'File ab(»ve synopsis shows that the Maya year 
was jHirely solar. 'Fhe lunar cycle of month was not 
use<l. 'IMius the Mayas escaped the iionsoluble prob- 
lem reconciling the solar year with the lunar year 
by means of intercalary months, as we find in the 
old world. 

It is also noteworthy tliat instead of a cycle of 
seven day.s, each distinguislual ))y the name of a 
deity, the Mayas had a cycle of 20 days, like the 
Egyptians who called each of the thirty days of the 
niontli by a dilferent name. The practice of u.sing a 


cycle of seven days is due to tin- Chaldean 
astronomers. 

The Moscow-Volga Canal 

'I’he recent opening of the .M«)seow- Volga Canal 
was cH’ccled by the low'cu’ing of the gates of tlu‘ new 
Volga dam which sn])plies water for the canal, assists 
the water supply of Moscow, and raisis the level of 
the Moscow and Yan/ia rivers. .Moscow has now be 
come an important port in communieation, for dee|)- 
water vessels, with the Baltic Sea, White Sea, and 
tlu‘ Caspian Sea. It will also be directly coinuetid 
with the Blaek Sea wdieii the Volga- Don ('anal will 
be complett'd. 

A<rording to note in JVnrld Puxct^r, the length 
of th(‘ canal from the* Volga to the Mo.scow river is 
80 miles. It is thus longtT than the Fanama Canal 
though reipiiring a smaller volume of e.xcavalion. 
'File most interesting engineering feature of the Canal 
is the lifting ijf the water a f»‘W miles from the Volga 
over the watershed which rises very steeply lo about 
120 feet. 'Flu* powt*!* re(pnri*d for working the ecu 
trifugal pum))s for raising the water through tin* 
flight of docks w*as estimated at 800 million kWh per 
year. 'Fhe idea of utilizing the fall between the 
Volga watershed and the Moscow river for a number 
of hyilro-eleetrie stations was due to a young Soviet 
engiiu'cr, A. I. Baumholtz, and has enabled 180 
million kWh lo be supplied for this pumping. 

The Control of Raging Waters 

American rivers are notorious for tiu'ir destriu*- 
tivc forces and for the ravages they cause yearly to 
till? iiiliabitaiils of the regions through whii*h they 
How. WJier they arc in flooil they bring down great 
chunks of earth from the banks on both sidt's and 
carry these along with them. Banks are washed 
away by the rushing streams, and buildings, fences, 
roadbeds, and railroad bridge abutments art* ileslroyed 
as the rushing waters eat the bank away. 'Flic loss 
every year i.s enormous, and the scientific mind in 
America was striving ct“asclcssly to fiml out a method 
that may su(*i*essfully ri*sist the erosion, until a plan 
was devised by a man (named .Mark W. Woods) who 
owned some of these riverside farms along the. 
M issouri and had w’atched them float away down the 
river. He took the leaf out of a patented scheme 
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of laying fouiidalioii sloms in tlic rivi-r-bcds, and 
a))))Ij('d it to tins mw (irid with such success that 
is suhsc(|ucMtly ^nim-d universal application. He lied 
cottonwood Incs in hunches with X'ilvanized cable 
and hauled I hem by tractor anil anchored them to 
I he conen te piles siudv by the liii^nall method, "rhesc 
acted as retards anil forced the currents of the river 
into the main eliannel. 'I’he slowin^^ down of the water 
caused sediment deposition. In a few weeks there 
was a mud Hat where before water had been flowing. 

A new method of permanent bank proleetion was 
thus demonstrated which was inexpensivt* compared 
with the results aehiived and capable of very wide 
adaptation. A type of j)ile was developed for makiiif^ 
solid eonerile dike faeiiifi:. One side has a V shaped 
notch and the other an inverted to lit the openitiLC. 
'Idle piles are sunk side by side thus locked to«;elher. 
'rile work is rajiid and permanent and comparatively 
inexpensive, eonsiderin^ that other types of protee- 
lion are not permanent. Many miles of dikes on the 
lower .Mississippi and Ciulf (’oast are now thus pro- 
tected. 

Hy wise plamiin^j: for the control of Hood, and 
restoring I he underground water reserves we can 
control run oil* and prevent soil erosion and loss 
of ferlililv. America is seriously eniiai^ed in lii^htin^ 
the ravap‘s of water. In India loo, especially in 
Hast Ileni'al, the conditions are I hose of the 
American river basins; Helical, like the latter, is eon- 
linually in the danger of both inundation and drought. 
America has a national ]iro^!;ramme to cheek the evil, 
while India has none, owiny; mainly to the uiiseieiilitie, 
ami often apathetic, irrigation schemes of the (iovern- 
nient of India. A wise and eomprehensive planning; 
on a seieiilifie basis is required not only for the re- 
suscitation of the dead rivers but also for irriyjatiny; 
dry lamls, thousands of acres of which are lyin^ 
waste, which could otherwise be utilized with immense 
prorit. Efforts should be made earnestly to make the 
river what it used to be — a source of wealth, power, 
and inspiration. 

Indian Science Congress Association — Discussions 

'File followiny; discussions have been tentatively 
arranged for the .Jubilee Meeliny; of the Indian 
Seieiiee C’ony;ress: • - 


Section of Chemistrif'. 1. Reeeiil advances in the 
structure of alkaloids. 2. Chemistry and industrial 
develojiim nt in India. 

Section of (ieoloi/i/: 1. Pre Cambrian sedimenta- 
tion. 2. 'Phe ori^inof banded yfeiieisses. .‘i. Plateau 
basalts. I. 'J'lie sij^nirteani-e of the ‘Main Boundary 
Faults' of the Himalayas. 

Section of (ieo<fr(iphif and (ieodenifi 1. 'Pile teach- 
illy: nf y:eogra[)hy in India. 

Section of liotani/: 1. 'Phe. origin and relations of 
till' Himalayan llora. 2. A national herbarium for 
India (in eo operation with the Indian Botanical 
Society), .‘t. .VIgal ])roblems peculiar to the tropics 
and especially to India. 

Section of Zoolotf i/: 1. xVnimal ecology in relation 

to India. 2. 'Phe jilaee of systematies and morpho 
logy in the study of the living animal. 

Section of .Inthropolopifi 1 . Blood groupings and 
racial elassifii'ation. 

Section of Medical Research: 1. Iinmunily in pro- 
tozoal infections. 2. Nutritional diseases in India. 
.‘1. Black water fever, t. Cholera. 

Section of Phifsiolo(fji\ 1. Physiology of the indi- 
vidual in health and disease. 2. Diet and adaptation 
to climate. Climate and its inlliienee on the thy 
roid adrenal appratus. 

Section of P.si/cJiolo(f i/ : 1. 'Phe c*onlribulions of 
abnormal psychology to normal psychology. 

JOIN’r SKCTIONAL DISCUSSIONS 

Sections of Mathematics and Phifsics, and Chemis- 
trif: 1 . Keeent advaiiei's in molecular strui’ture from 
the physieo-ehemieal slandjmint. 

Sections of (reoloif if and Hotanif: I. Diserepaneies 
ill the ehronologi(*al testimony of ])1ant and animal 
fossils. 

Sections of Potanif and difricultnre: 1. 'Phe dis- 
siTnination of cereal rusts in India. 2. 'Phe need for 
a ctTilral station for standard cultures of fungi in 
India. 

Sections of Zooloff if and KntomoUuftf: 1. The posi- 
tion of Knloinology in the Indian Universities. 

Sections of Kniomolor/i/ and A(/riculture: 1. Bio- 
logical control of insect pests. 
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Sections of liotnnij, Clicmistrif and A(jneuUnre\ 
1. Tlu* absorption of salts by plants. 

Sections of Botankf, Aijricnitnre, Mathematics and 
Ph If sics: 1. 'riif iinportaiicf »)f plit-nolo^iral obs{*rva- 
tions in India. (In co-oporation with the Indian 
llotanioal Sorioly). 

Sections of liotanif, '/ooloffif ^and Aiji'icnltnce: 
1. Tht* slnudurc of tho rbroniosoinr. 'Flu* spirit s 
c'oiurpt in the li^lit of cytolojjfv ami m nolics. 

Sections of Mathematics and Phijsics, (ieoloifi/, 
(ieof/raphif and (ieodestf, and Ai/ricultiire: I. Hivtr 
physios in India. (In oo-opt'ralion vvilli tiit‘ National 
Inslitulo of Sfiontrs of India). 

Sections of Chemistrif, /oolof/if. Medical liesearch 
and Affricnllure: 1. Colloids in Hiolo^y, Modicinc and 
A^riculliirt*. 

Sections of Medical Bcscarch and Ph ifsiohnjif : 
1. Animals and Ihoir disoasos in rt lation to man. 

It is also hojX'd to arrange the following*' 
disonssion : — 

Sections of /ioolotfij. Medicine, f^etcrinari/, 
liesearch, Kntomoloffi/ and AffricuUure: 1. 'Flic rcia 
lion «»f /(»olo^y to Modioinc, Volorinary SoioTU’i* anti 
Agrioultun*. 

Mfinbcrs who wish to have suinnwirios of llioir 
remarks prinletl in advanee of the meeting shoultl 
Send the snininaries to tlu* Fresideiils of the. Seetions 
eoneerned not later than the 1st of Oetober. 

Fishery In Bengal 

'Fhe fishing tratle is Hengal is tarried on on the 
agt'oltl lines, anti the lati'st seieiitifie tlevelopmenls are 
absolutely iinkimwn It) the fishermen of the Prtivinee. 
but the market in that eommotlily is larger in this 
l*rt)vinee than anywhere else in India. In ( aleulta 
alone. 1 lo 8 hundred mauntls of fish are sold daily. 
'Fhe demand for fish has inereased, it is rej)orled, by 
t)ver 40 per eeiit while the sii|)ply in the eity has 
gone up by 25 ]>.e. tmly. 'Fhiis there is a vast fieltl 
for the develoi)ment and ex|)ansioii of lish tratle in 
this eity, and al.so elsewhere in Hengal. Presiding 
over the Hengal Fishermen’s Confereiiee on July 10, 
Mr N. R. Sarker, Finanee Minister, sail! inter 
alia “If prosperity inereasetl in the land, then with 
an estimated fisb-eonsuming population of about 4 


erores anti with a daily ration of a ehhatah per heatl, 
Mt'iigal wttiiltl rttpiirt* (>4 thousand inaunds of tish 
per tlay. In intniey value, tht' annual ainoiiiil spent 
woulil be .somewhere near 28 erores of rupees at ;m 
average jn-iee of Its 10 - per mt)UMd. 'Fht‘ possihilit ii s 
for development of the intlustry are therefore verv 
large. In Matlras where the fish fonsiiming po]»n la- 
lion is far less than in Hengal the fishing industry 
with the hil]) of the (iovtTiiiuenl Hoaril of Fisheriis 
has inatle great slritles in reeeni years.” Sea- fishing 
has not been sti far taken up by Hengal, mainly be- 
eause it letpiires etinsiderahli* eapital. We agree witli 
.Mr Sarker that llie amt)unt of eapital reipiiretl is hy 
nt) means siuJi as It) make it tliffieult to t)btain it in 
this j)rt)vinee. If sea-fishing eouM. as Mr Sarker 
ptiinted t)ul, be earrietl on prt>per lines with iimtlern 
applianees anti motlern mefhotls of transport, etc., 
Hengal eoiiltl, besitlt s meeting her tiwn tltanaiitl, 
export lish ])rof!tahly not tndy lo ]>laees in Nt)rth- 
eni India but i-onld also supply the ( lovernmeiil’s 
.Military l)ep;irtment and even send txports oiilsitle 
Intlia. Nor must the industry ht- thought to bt' 
limited to tin* supj)Iy of fish alone. With it, t)r 
rather as part of it, go eerlain allied trades anil 
iniluslries which also will pro\»“ \ery profitable. 
In Western t'ountries, ft)r instance, tin* bones, scales 
anti inttstim* of fish aia* list'd in tlit' preparation of 
gum, manurt', etc., apart fpt)m the various fish 
oils prtpartti and put to \arious intiustrial uses. 
With proper guitlanee sueh industries can be tlevelop- 
etl in this eountry also. 

A Guide to Indian Cottons 

The Fast India Cotton AssoeiatioTi Ftd., and the 
Iiiilian Cintral Cotton Ct>mmittee, Honibay, have 
jointly hroiight out a hroehiire, iiruh r the title «)f “ A 
(iiiitle lo Intlian Cottons", with a jirefaet* by Sir 
Furshotamilas 'Fhakiirdas, V'^iee- Fresiileiil t)f the 
Intlian Central Cotton Commiltee. In view of the. 
fact that Intlian (’ottoiis are altraeling greater anti 
greater attention in the worliFs markets, the ‘(iiiitli'’ 
will supply a long felt want. 'Fhe information etni 
taiiietl in it has the sl.amp of authority on it since it 
has been brought out with the kiml anti full eo-o])ePa- 
tioii of the several eommereial boilies and tbt' various 
Directors of Agriculture, all over India. 'Fht* leehni- 
eal inforim.lion given in the brochure was eolleetetl 
by fhe 'Feehnologieal Laboratory of the Intlian (\ntral 
Colton Comiiiillee, situated at Malunga. A table of 
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tlic staple len^rtli, blow room loss and spinning? 
performance of I lie various j^rowlhs of eittloii under 
average mill (•onililij)ns is ^iveii at the end of the 
book which will be found very useful. Dealinj' with 
the ciiaraelcristics of liulian (‘ottons under liengals, 
Hroacii, Oomras and Southerns in a detailed manner, 
the ‘(iuide' brink's out the varying;- trade names by 
which they an* known in diU'en'iit geographical dis- 
I riels where they are ])rodueed. This informatiim is 
bound to be very us(‘ful to the eonsumers of Indian 
(’oKons both in this country and abroad, in picking 
up cottons suitable to their particular requirements. 
'I'lu* getiip of tiu* l)ook is quite altrat'tive and it can 
be liad fnJin the Seerelary, Indian (\*nlral Cotton 
Committee, Post Pox No. 1002, Honibay. It is priced 
t) annas. 

Imperial Council of Agricultural Research : Annual 
Report 

India has made r(‘inarkable advanei's in the deve- 
lopment of agricultural ami animal husbandry research 
during the last few years, according to the Annual 
Report of the Iin])erial Council of Agricultural Re- 
search for 1 'I'he value of this report is great- 

ly eiilianeed by its early a])}M'aranee. 

Research schemes finanet'd by the Council o<*eupy 
a i'onsiderable part of the report, 'riiere is also much 
information regarding other lines of nc*iion. An out- 
stamling feature of the year was the scientific stock- 
taking of the Councirs research activities carried out 
by Sir John Russell, Director of the Rothainsted Kx- 
periineiil Station and Dr. N. C. Wright, Director of 
the Hannah Dairy R(*S(*arcb Institute, wluise re])orts 
are expcc-ted some time in August. 'Phe (’oiineil 
arranged bir the representation of India by competent 
scientists at the Sixth Work! Poultry Congress held 
at Leipzig and Merlin and the Fourth International 
Locust Confi'rence held at Cairo. 

In the Couiu'irs popular bimonthly journal, A(jn 
culture and IdxYslock in India, a series of illustrati'd 
arli<‘les (‘iitithd “Sons of the Soil” (Studies of the 
Itulian Cultivatt)r) dealing with the various peasant 
types in India has just started. An important event 
in the year waft the meeting of the Animal Husbandry 
Wing of tin Moard of Agriculture ami Animal Hus- 
bandry in Madras in December U).*K». Out of this 
arose important re(*ommendalions regarding improve- 


ment in fodder and grazing which arc likely to result 
in the establishment <»f Central and Provincial Fodder 
and (rra/ing (ktrnmittet's. 

Turning to ri*search, a mass of exceedingly iist^ 
fill work i.v reported to have been done. A chain 
of research stations subsidized by the luqierial 
(kmneil of Agricultural Research deals with the 
many aspci ts t)f the breeding and cultivation of riee. 
In the I-nited Provinci*s, a striking success has been 
tin* production o¥ a hybrid which combines high 
(piality with the possession of a protecting leaf ovi-r 
llu* ear which defemls the grain against damage by 
tin* Rice Mug. In Mengal, a cross between a select- 
ed heavy-yielding Mengal strain and a foreign variety 
known as Mine Rose, has givtn progeny from whii*h 
it is hoped to select a varit ly suita'lih* for foreign 
markets. The (louneil also subsidizes a (‘bain of 
sugarcam* research stations. 'I'he work there done 
has givin more exact knowledge regarding types of 
sugarcane suitable for particular areas, inerease (»f 
yield, inaintenanc(* of juici* purity and the combat 
ing of diseases. An extensive scheme dealing with 
insect |)i'.sts of sugarcam* in all provinci's is under 
way and is being increased and inlensitied, particular- 
ly with respect to the finding of parasites to kill 
the insect pests. 'I'he manner in which wheat rust 
is earrii'd over frean year to year in India and how 
the spores are transferr(*d from plae(* to place has 
for soim* years been one of the imjiortant n*si*arches 
financed by the Council. It is hoped shortly to pub- 
lish the full data. 'I'he bri'i'ding of rust r(*sislanl 
wheats has been going on for some time in i*ertaiii 
provimH*s in India and ilu* Inqii'rial ('oun<*il of 
Agricultural Re.seareh is now financing a et'idral 
scheme at Simla and Pusa to make the best use of 
the resuPs obtained by the rust research. 

An inere.. dug amount of attt*ntion is being givi*n 
year by year to fruit research. 'I'lu* well-known 
])hem>mi*non of the heavy fruiting of the mango only 
in alternate years is being .sj)eeially examined at the 
Snbour Fruit Fxperimeiit Station in Mihar. At 
('liHubaltia in tlu* United Provimvs, the work d(*als 
mainly with hill fruits and jiarticularly with prob- 
h*ms of propagation, ])runing and inseet-])ests, while 
in the ('entral Proviiu’cs, a scheim* specially dealing 
with the well-known ” Santra " orange has been 
started in the year und(*r report. Cold storage of 
fruit has continued to be dealt with at the 
(Janeshkhind Fruit Fixperiment Station at Poona and 
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an important ailvamo lias Wvn the (.xlciision of this 
work to ^as slora^r of fruit and vi‘jrftablfs. A 
special ntliocr was sent by tin* Iinpirial Council to 
Cambridge for necessary traininj; in the teelmicpu* of 
^as storage and be has returned to take up tins work. 
Cedd stora^’i- on a larf»‘c si-ale lias also been initiatt d 
by the Defence Di'parhnent in eertain Military 
Stations in Northern India. As the Imperial C’ouii- 
eil of .\^'rieultural ileseareli is interested in improv- 
ed transport and storage of agriiailtural prodiu'c. it 
was d(‘eided that its serviees should ■'lie utilized in 
the organi/ation of further researeh into the lust 
methods of refrigiration bolh in store and in trans- 
port. 'rile (iovermneiit of liulia undertook to place 
the Coiineil in funds u]) to about Its. one lakh for 
this purpose. 

It has been decided to attempt under the auspievs 
of the ('ouiK'il to growing of a new crop in India, 
iv’,':., I*vrelhrum, so important a soui*i*e of insecti- 
cidal material. 

Tlu' important work of watching tiu' areas likely 
to be responsible for a haaist invasion has Iweii con- 
tinued aiul it looks as if this activity might pro\e its 
great usefuliuss just now when there are some signs 
of reerudeseeiiee of loeiisl-swarming in countries not 
far oil from India. 

Geological Survey in 1936 

According to the Annual Iteport of the (ieologi- 
eal Sur>’ey of India reports of 91 earlhcjuake shocks 
were received by the (leological Survey during IPati, 
half of them from Hurma, only 5 from Southern 
India, and the remainder from the Himalayan bell. 
Only one of these sho«*ks. namely that at about 
11-50 a.m. on the 27th May, was re])orted over a 
wide area; the dainagt* was eontineil to slight c-raek 
ing of buildings in the Cnited Pnivinces and Nepal, 
but there was no loss of life. Slight tremors reported 
from Mettur in the Salem district. Mailras, since 
the building of the great dam there, were also in- 
vestigated, and the eonelusion was reaeheil that they 
w’crv. not due to the weight of water impounded in 
the <lam and would have no elleel upon the structure. 

Discoveries of fossil, some of them of marine 
and pre-historie animals, in the Siwalik range of 
the Himalayan rc'gions are also reeeirded and must 
give rise to interesting speculnlions as to what these 
ri‘gions were in the rcmott^ past. 
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Certain activities »»f the Department are of eon 
sidtM'able economic intent. Special eiujuirics wvrv 
carried out on tin- marble, slate and day deposits of 
tin* North-West Cronlier Province, gyp'*um in 

(iarhwal (C. P.) and coal in Assam. Details an 
given of the minor eoal-liehls, suitable bu* local 

demands only, in the vicinity of Shillong. .Vilen 
tioii is also drawn to tin* presence of a hidthii coal 
field along the south of tile (iaro hills for which 
e.Kteiisive exploration by boring is necessary b« fore 
its true value can bi‘ estimated. Oeeurrenees of 
other minerals were alsji examined by the D( pari 
ment, many of tin in unforlunatc ly piaiving itt bt- of 
no etamomie value. These were bauxite, eopjier 
eornndum. felspar, gold, graphite, iron-ore, lead or<-, 
mica, nickel, oil -shale, road-inc'tal, sapphire, silli 

manilc- and stc-atite. 

.Many (|ueslions of engineering iinporlanet* were 
also refe rreal to thc‘ Department and its opinion asked 
for. 'Pile' proldcnis investigated ineluelcal timse* 
preseaiteal by the* high leve l e)f sulisoil wateU' e)t the* 
De*lhi Se wage* farm; the* site of Ihe* prope>se*d Hhavaiii 
dam in the Coimbateire* dislrie*!, .Madras; the water 
supply tor St. Thomas Meumt (’anionment. Madras; 
and luc* .laba-'rangi irrigation se*henie, Neirth-West 
Front ic'r Preivinee*. 

P'or gc'ologic al surxe y ))urpose s the* whede* of India 
and Ibirma is diviileal into four (.’ireh s, nam(*Iy Hnrnia. 
the North-Wc sl(*rn, the* North Piastern, and the* 
Southern, the last three being in India. 

In Murma mapping was done in the* Thay(*tmye), 
Kyauksc* and Amherst distric*ts and in the South(*rn 
Shan States. 'Phe* tin areas in the 'Pavoy district 
were alse) visited and a traverse* made* from Mogok 
across the Mohgmil Slate* to the Second Defile* of the* 
Irrawaeldy. An important and inte*re‘sting result of 
this lrave*rs(* is Ihe* diseove*ry of Cretaceous roeks 
in the Second Defile, the first recorded oecurrenee* 
in Hurma. 

In the North-M’estern (’ire*le* ge'ologieal survc'vs 
we*re* undertake*!! in the* South W'aziristan .Vge*ne*y of 
Ihe North -W’est Frontier Province*, in Kashmir, in 
the* Simla Hills. Punjab, and in the* Delira Dun dis 
trict and 'Pehri Ciarhwal Slate*, Cnile*d Proviiu*e*s. 
'Phe surve y in Waziristan was mainly a re*e*e»nnais- 
sari<*e, whie*h hail te) be e*arrie'd out under arm(*d 
e*.se*ort, but a .sue*(*e*ssion ranging from the* .liirassie 
to the P'ppe r 'Pe rliary has been eslablishc’d. 
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In Kasliinir tin- Siirvt v was mainly coiioTiit^c! will) 
investigations at the oIIot end of the geological 
scale, from the |)re-(’aml)rian to the 'I'rias. 

In the Simla hills and (iarliwal, the survey was 
drvolrd to tin* rliicidatioii of the “ na|)|)t‘s " of the 
Himalayas, those immense sheets of rock which 
have been thrust horizontally for many miles over 
each other, the diseovto’y of whicli in recent years 
has hrought our knowledge of the Himalayan struc- 
ture into conformity with that of the other new 
mountain ranges of the world such as the Alj)s and 
the Itoekies. 

Survey in the Xorth-^Kasterii Circle was confined 
to (iaro, Khasi and .laintia Hills, Assam, whei*e 
Cretaceous and Tertiary rocks rest upon the granite 
and old sedimentaries of the Shilhing plateau ami 
fall in a great monoelinal fold down the Cherra- 
piinji scarp under the plains of Sylhel. 

In the Southern C’irele detailed mapping was 
carried out in the Nagpur, Chhindwara, Hhaiidara 
and Drug districts, and in the Hasler and Jashpur 
Slates of the Central Provinces. Here the terrain 
has been found to consist almost exclusively of the- 
ancient Archaean rocks which occupy much of the 
Peninsular India and from which most of its mineral 
wealth other than coal and iron is tlerived. 

The provisional production figures for the year 
for some t)f the more iin])ortaiil mirn'rals are also 
given in the report. 'Phese arc as follows: 

Antimoiiial lead tons. 

Coal 20,I-J)7,1()S „ 

Copper ;{ri7,l!)l. „ 

Kefined <-o])per 

produced being 7,*J()0 long tons. 

Gold ounces fro m K o 1 a r , 

Mysore; 

and 1,29 !• «)unces from Hiirma. 

Iron 2, l<.‘lti,5 i;i tons. 

Lead 4(iS,SI.2 „ 

Petroh'um .‘fti.*{,9tiS,7o'S gallons 

Silver 5,!t52,()()() ounces from Murma; 

and 28,959 ounces from K o 1 a r 

(Mysore). 

Zinc concentrates 78,807 tons from Huriiia. 

With the exeej)lion of antimonial lead, zinc eon- 
eeiitrates and coal, the fall in coal on the provisional 


figures being half a million tons, all these figures 
show iiUTcases over the production in 

Indian Statistical Institute 

A seeheme for instituting examinations for the 
)^ward of c( rtifii^ates and diplomas in statistics was 
sanctioned by tiu* Indian Statistical Institute in DoO. 
Arrangements have heeii made for hohling the first 
examinations under this scheme in Caleulla in 
December 1987. * 

The main object of the present scheme is to set 
up minimum standards of proficiency in actual prac- 
tice of statistical comjnilalion and statistical analysis. 
The examinations will cover the requirements for two 
different tyj)es of workers:- -Computers for routine 
cah‘(dations and for th(‘ (‘(dleetion of primary mate- 
rials; andd Statisticians with adequate knowledge of 
both statistical theory and statistical praeliec. 

'Pwo examinations will be held in December 1987 
for the award rcspictively of (1) Computer’s (\‘rti- 
fieate Part I which will cover minimum requirements 
for posts of junior computers in agricultural stations, 
goveiMiimuit offices, business firms, and seientiffe insti- 
tutions, and (2) Statistieiari's Diploma Part I which 
is inl(>iided for officers and research workers who 
d(‘sire to acquire a giuieral knowledge of modern 
stalisticvil methods. It is intended to hold examina- 
tions for the award of ('omputer’s Certificate Part IJ 
and Statistician's Doploma Part II in 1988 along 
with the examinations for the two junior certificates. 

In order to maintain pro])er .scientific standards 
the co-operation of statisticians from abroad has 
been secured for this work. Prof. A. I.. Howley 
(l-niversity of London), Prof. R. A. Kisher (Ciii- 
v<*rsity t)f London), Prof. K. S. Pearson (University 
of London), Dr A. (’. Aitken (Univeu’sity of Kdin- 
burgh). Dr J. Wishart (Ibiiversily of (’ambridge), 
and Dr .1. (). Irwin (London) have kindly agreed to 
act either as examiners or moderators for the two 
examinations in 1987. 

(\)pies of the Syllabus may be obtained on appli- 
cation from the Honorary Secretary, Indian Statis- 
tical Institute, Presidemey C\)IIege, Calcutta, on 
receipt of four annas in postage stamp. 

Sir U. N. Brahmachari 

Sir U. N. Brahmachari, m.a., m.d., pii.n., has been 
appointed chairman of the St. John Ambulance 
As.soeialion and Indian Red Cross Society with effect 
from .July 17, 1987. 
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Science in Industry 

I 

A Bye-Product of Beet-Sugar Fermentation 

During the sugar srasnii, {./•„ from Oitolu r to 
January, distillorios using birt-jugar lor prodiu-ing 
alcohol allow thousands of tons of carbon dioxido l«) 
csca)3c in air, the value of which, if condeiisi-d in the 
solid form -dry icc - would be greater than that of 
tin* alcohol produced. In faet the ])roduclions of 
alcohol and this gas arc c(|ual and their values arc 
quite comparable. One of the greatest dilfieulties 
which stood in the way of obtaining carbonic acid 
commercially was the probhm cd' storage. The pro- 
duction is in full swing for three months whilst its 
eonsumption takes ])laee Ihroiighout the year particu- 
larly during the summer months. 

A recent installation in the distillery id' a sugar- 
works in .Meaux |)i»ssesses the biggest reservoir of 
lif|uid carbonic acid. It consists td' a reservoir 25 
<’ubic metres in capacity and three of at) cubic metres 
each, having a total i‘apacity of l})*‘i cubic metres. 
Kvery reservoir is furnished with two sat\*ty-valvcs. 
to allow f(»r volatilization due to external heal. The 
external surfaces of tlie reservoirs are insulated with 
three layers of cork, .‘hi cm. Ihiek, which is again 
covered with an insulated coating. With such an in- 
sulation the loss of heat at a tem[)eralure of is 

oidy iSOO calorics hour for a reservoir of 100 s(|. meter 
surface, as was amply shown during a strike in June 
and July t»f 1050, when the loss of the liquefied gas 
was inappreciable, though the reservoirs were left 
alone and llie safety-valves were not in operation. 

'rile li(|ueficd gas thus stored under a pressure of 
10 Kg and at a temperature of —l-O'^C, is according 
to neees.siiy allowed to expand in a chamber where 
it solidifies through exiiansion and jiressed into blocks. 
Hlock.s of 10-17 Kg are thus obtained which are 
nady for transport and which arc being used more 
and more in many industries displacing onlinary icc 
as a cooling sub.stance. 

Electricity for heating Soils 

According to a note in the World Poxcer exten- 
sive experiments are being carried out in Canada on 


elect ri<‘ soil hi-aling during winter for agricultural 
j>urposcs. Till* Hydroelectric Power Commission of 
Ontario have publislusl some dialled results of an 
experimental hot beti to whieh green house raised 
radish, cabbage, and tiunalo-seedlings wen* brought 
early in February. All llu'se plants, as well as a 
variety of flowering plants, were successfully reared 
ami the total growing season lengtlu*ned. 

'I’he consumption during 25 tlays of February, 
including the preliminary heating, was 1.55 kilowatt- 
hours per s(|. yard per ilay. During .March the 
consunqition was 1.5 kilowatt hours per s(|. yard per 
day. 'Fbe minimum lemperaturi* n*(|uired to be 
maintaincil was 55^’F. During February the mini- 
mum recorded Itinperature rangejl from to 50'’F, 
and during March from to 52*^T*\ 

In a certain American zoo, electrical cables have 
been useil to heat the ri‘ptile housi* soil for the com 
fort of the snakes and alligators. 

Indian Vegetable Oils 

A work of referems* on Indiair vegetabh* oils is 
])ublished today by the Industrial Hesearch Hureau 
d* (iovernment of India. 

'riiis bulletin is a review »)f the dill’erent vege- 
table oils grown in India and is the work of Mr 
N. Mrodie, the Director of the Industrial H«si*areh 
ilureau wim is now on leave c.r India. Mr llrodie 
has reviewed the eharaetcrislics of about 12!1 difl'er- 
enl vegetable oils whieh havi* been elas.sified as dry- 
ing oils, semi-drying oils and non-drying oils. 'Fhe 
bulletin contains much useful information on the 
localities from whieh they are obtained and the uses 
to which they are put. Froduelion and export statis- 
tics arc also given. 

It is remarked that the climate of India is w'cll 
adapted to oil-.secd production, and that India is one 
of the most important of oil seed ])roducing coun- 
tries. 'I'hough China is estimatt d to be the largest 
producer of oil seeils, statistics obtainable of produc- 
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lion in that rcuinlrv wire iinsatisfaclory. India is 
ri'jrardal as llic scrond largest prodiirin^^ connlry of 
vrjiiftaldt* oils. Kxporls of M7»vlahl(‘ oils from Hritisli 
India arr, on Ihc avtra«»v, ahoid (HK* million tons, 
l)ul as inti ro.'d consumplioii is also largo, it is notod 
that tlii iv is no means of doUrmining llu: total 
prodijclion. 

1 ln“ hiillolin slalos,- ‘'V\‘gi*lal)lo oils timi many 
uses in indiislry. 'Plioy aiv iisod in largo <|iianlitios 
lor «(lil)lo piirposos, v.(f., in cooking and, in western 
eouritries, parlieularly for ike mannfaetnn* of marga 
rine. 'I’lio sooonil largist outlet for vegidable oils 
is in soap making. Hard soaps are made from rela- 
livily saturated oils and soft soaps from liigidy un- 
saturated oils. L. nsaturated oils are also of great 
im])ortanee in the paint and varnish industries. Many 
vtgelahle oils are used in medieine. In some eases 
they tlnd a ])laee in the jiharmaeopies of western 
countries. In other eases they may liave eemsider- 
ahle lo(“al reputation for llie treatment of various dis- 
< a.ses. Several oils, of wliieli the most important 
is castor oil, are used tor lubricating purpo.st's 
either of themselves or in admixture with petroleum 
oils. In this respect, however, vegetable oils have 
lost much ground to p<lroleum oils. In the areas in 
which lliey are produced, vegetable oils are frequeiil- 
Iv used for burning, luit here again have been large 
ly replaced by p4*troleum products." 

'riie ground has la’cn thoroughly eoven il and even 
to those familiar with the vegetable oils of India 
much of the information in this bulletin will come 
as new. The bulletin, which contains both an iruh'x 
of botanical families, with species, and also a com- 
plete gemral index, may lie obtained fnmi the 


Manager of Publications, Delhi, at annas -|()|- per 
copy. 

Fastness of Colours 

We are glad to publish below an article on ‘‘Fa.st- 
ness of C-olours" from the ptm of Mr H. C. 
Ilhattaeharya, Principal, (iovt. Weaving Institute, 
Serampore. It deals with the dillleulty of delining 
properly the term faxiiK'ss as aj)plied to ilyestutTs 
used ill dyeing lextTles, us it involves a large number 
of factors, c.7., exposure to light, nature of the 
fabric, shade of the. colour, etc. Yet it is necessary 
for the trade to have some .sort of a standard defini 
lion so lliat the ilealtTS may be. sure how much they 
can guarantee and the buyers may know how much 
lh<‘y can exjieet. 'I'lie author also describes the 
attempts that are being made in the more advanced 
countries of the west, e.r/., Ciermany, LJ. S. A. and 
Kngland to evolve a satisfactory and seieiditie deliiii- 
lion t»f fastness. 

Ageing of Power Condensers 

( ondensers of large* dimensions are extensively 
employed for improving the power factor of A. ('. 
systems. These eond(‘nsers are not infreeiiu iitly re- 
quired to stand extremely higli voltage. It had un- 
fortunately been foiiml that e ven with the use of the 
liest materials tin* condensers useal to agi- for no 
apparent nason. Phe cause of lige ing has reeentlv 
been traceal to llu* formation of sniali air-bells inside 
tiu* eondensers. Since. lhi*se air bells cannot be 
entirely removed an ingenie)us method has reee*ntly 
lM*en ehveloped in the Philips Research Lajiioralory 
for eivereoming their deteriorating etfeet. This inler- 
esling work has been described in the following arti- 
<*le on "Ageing of Power Conden.sers and its 
Hemedv." 
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The Fastness of Colours 


B. C. Bhattacharya 

Principal. (Juvurnment Wcavintr luBtitute. Serampori*. 

InlrcxJuction 

('olourinji: matters have l»ei ri used for deeru-alive 
])urposes in »*verv <’oiintry frtJin the rarliist timrs. 
The aneient mural ])aiiitinf;:s, examples (»f whieli are 
still in existeiiee in many jiarls of llu* world, wen* 
exeeuted in sueh naturally <»eeurrin.ii- mir.eral colours 
as were available to the artists of old. Thesr 
eolourin^i matters are known as “pigments." I’hev 
are eharaeteri/cal by ^reai stability ami an usiiallv 
insoluble in wat< r. 'I’liis latter pn»))eily makes tluin 
i^enerally unsuitable for application to textile 
materials. 

K(U- the eoloiiriuj^ of textile materials, however, 
the ancients depemh'd largely on eoloiiriu'*' mattt'i’s 
of vt'^i’etable origin. These an* <*ilher s.jiuhle in 
ualer or can be broujiiil into solution l)y some simple 
m(*ans so that the fibre may be dyed in a solution of 
the colour. T'his n'rou)) of colouring* mailers is 
ealh'd dyestidls. It also iiieludes a class of 
i*<ilourin<»* matters which, thoui»!i they have them 
selves no alliuity for tin* libn*, may still be lixt d on 
it by means of fixing; aneuts which are teelmieallv 
known as "mordants.” 

'The raii^e (d‘ dyestnils available to the earliest 
dyers was, (d' course, extremely limitevl. Many of 
them Wire fnjuitivi* to li.i;hl. Of the eomparatively 
fast dyestulTs known in India from (‘arly times, 
indi.i>;o is a typii*al examjile. Indi^^o jilaiits wen* at 
one time extensively ^rown in many parts of India - 
particularly in Mental and Hihar— -ami tlu* (*(doi]rin^ 
matter i*xlraeted from it. Hut during the last lialf 
a eentury synthetic methods have been d(*vi loped 
which have made it possible to manufaelure indigo on 
a large scale by chemical jiroee.sses. This synthe- 
tic indigo has now practically completely ousted the 
natural product not only by virtue of its cheapness 
but also of its purity and uniformity of quality. In 
the same way, artificially prepared alizarine has 
now replaced the madder plant from which the 


colmiring mailer required for dyi iiig 'J’urkey Red 
u.sed to be obtaineil. At present tin* vast majority 
of dyi'sliitfs in eoinmon iisi* - some of them having 
(jnite outstanding fastness propertivs are maih* syn- 
tlii tieally. 

As the prohleins of fastness to he dealt with in 
tins article arise oidy in eonntetion with dy(*d tex- 
tile mnlerials the following remarks must he under- 
stood to apply to the group of (*oloiiring* matlers 
known as dyesluffs and to no othi*!* group. 

Fastness Guarantees 

.Many reputahle firms of textile mamifaelnrers 
now marki l <*oloiired pit'cigoods whic‘h are stdd under 
a guarantee as lo Ihe fashu'ss of the colours. If a 
eiislomer buys sueh a "g*uarantei*d fadeless” falvrie 
?;iid then finds that the fastness properties do not 
loim* up lo the gii;tranl«*ed standard he can make a 
claim against Ihe retailing* firm. And if the firm is 
a reputahle one it will imm«*diately replai'i* tin* 
material or nfund the price, 'i’he customer loses 
nothing exeej)t the Inuihh* and expense of going ba<*k 
lo the sho)) with the material. In actual praeliee, 
hovvi ver, it has l)een found that, so far as goods made 
hy reputi'd maim fact urers are eoneerm*d, the pr(>|)or- 
lion of such i laims is very small, so llinl the retailer 
is able to make a hamisome jirofit even allowing for 
Ihe claims for refund. 'I'he pujblie are, of course, 
re<|uired lo pay a slightly higher price for the mate- 
rial in consideration of the guarantee. 

'This is the position so far as the public are eon- 
<*erned. .Mlhoiigh this method id' giving absolute 
guarantees may not present any .sirious trouble in 
the majority of eases, disputes may conceivably arise 
in other eases as to whether a particular sample of 
material comes up to ihe guaranteed standard or not. 
This is where the trouble begins. For the stand- 
ards of fastness cannot yet be defined in precise 
terms. As a matter of fact, the term “ fadeless" 
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is cxtrtnu'ly misleading as ilir dyesluir which will 
lint fade under any circiinislanccs sim]ily does not 
(‘xist. From the seienti/ie ))oinl of view, therefore, 
the giving of unlimiltd guarantees regarding the 
fastness of any colour is open to grave ohjeetioii. 

'J’liis (piestion does not eornern only tin? eonsii- 
mer and Ihe relaih'r. It also atl'eets the wholesale 
uiereliants, the inaiiufaeliirers, the dyers, the hleaehers 
ami the dy eshilV makers. When all these fiinetions 
are earri<*d out by din'erent parties disputes may 
easily, and, in fact, do frerpienlly arise as to the lia- 
bility for loss or damage. In sueh eases arbitration 
becomes extremely dillieulL on account of the a,l)seiic‘e 
of any accepted slamlards of fastness. When it is 
borne in mind that the dyestuff maker, Ihe dyer, the 
bleacher and the mereliant may as often as not belong 
to different countries of the world the urgent imees 
sity for having certain internationally agreed slainb 
^ ards of fastness can be easily realized. 

Factors Affecting Fastness 

Unfortunately the fastness properties of a dye- 
stuff when applieil to textile materials do not depend 
oil the nature of the subslanee alojie. 'I'liey are 
large ly modified by various other factors sueh as the 
nature of the fibrt', and mode of a])pliealion of the. 
dyestuff, Ihe depth of the shade, etc. . It may not 
be gt-nerally known that the same ilyestuff when 
appii(*d to diffen*nt fibres such as eoll»>n and silk 
or wool may show (juite different fasliu’ss properties, 
so that it is imiiossible to specify the fastness of a 
dyestufl without n'fereiiee to the fibre on whieli it is 
to be applied. 'f’he fastness j»f eerlain colours 
can be greatly iiierrased by siinph* afler-lreat- 
menls subseijuent to the ])roeess of dying. 'I’he 
ileplh of the shade also plays an important part in 
this eoniiv'etion. As a general rule the lighter 
shades fade more quickly than Ihe deeper shades 
of the same colour. It is therefore no w’ondrr 
tfiat dyers are placed in a very difficult posi 
lion when fashion demands the greatest fasliies.s 
properties in the lightest of sliades. 

The fastness of a dyestuff is also affected by the 
use to which the dyed material is put. A dyed 
fabric if continually exposed to sunlight and rain 
will fade much more quickly than if it wore used for 


indoor purposes only. Even the climate of a locality 
is not witliout its effect. It has been found that in 
tropical countries with a high relative huinidily dyed 
materials fade much more quickly than in countries 
with a temperate climate. Certain injurious gases 
prc*senl in the atmosplierc of congested eitie.s and of 
ma'iiiifai'turing towns are known to have a j)artieiilar- 
ly (lest met ive effect on dyed materials. In some eases 
the fibre itself is a H’eetecl- -cotton exposed to the. 
atiiiospimre and sunlight being particularly liable to 
attack. The jiroduets produced by the degradation 
of cotton are known to accelerate the fading of 
certain dyestuffs. 

From the .above the readiT will have (^ifained 
some idea of the eemplexity of the problem. The. 
difficulty ari.ses from the large number of factors to 
he taken into lonsideration before any seieiitifie stand - 
ards of fastm^ss can be set up. As if these were 
not enough, tin- fasim s.s of a dyestuff is found to differ 
within wiife limits according to llie agency fo which the 
fa.stiiess refers. For inslaiiee, a colour whieli may be 
fast lo liglit may not he fast to hleaehiiig. It is 
therefore necessary to take info account tlie fa.stness 
of a dyestuff applied lo a parlieiilar fibre lo different 
agem*ies such as light, hh'aehing, washing, perspiration, 
rubbing, etc. If a number of dyestuffs were, arranged 
ill the onler of their fastness to these diffen ni ageneies 
if would probably he found that Ihe order is diffiu’eiil 
in each easi*, which means that it is impossihle to make* 
any ah.solute slalemeiil regarding the fastness of a 
isilnur. Any statement, whieli may he maiie should 
therefore he uiiderslfiod lo he qualified. 

Standards of Fasiness 

As the terms fast, and Ioo.se. as ajiplied to 
dyeslutfs are purely n lalive, llie only way in whic h 
ilie degree of fastness of a colour can he i*xpre.s.sed 
in pn-eise terms is by reference to a set of standards, 
'riie problem, therefore, resolves itself to the selling 
11)) of a set of standards which will he aeeeptahle to 
all parlies eoiieerned. ft will he a])parenl from tlu*. 
above that in this eoiiiieetion one has got lo take, 
into account and define in precise terms the nature 
of the dyestuff, the nature of the textile material, the 
mode of dying, the depth of shade, the method of 
exposure and a number of other factors which affect 
the fastness properties of a dyestuff. When one bears 
in mind that the number of dyestuffs to be dealt with 
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in this way is very Jar^c it will be imincdiatrly ajipa- 
rt*nl liow arduous the work of testing all these dye- 
stuffs is. 

Seienlifie so<'ieties in various eoiintries havi* ln*rn 
laekling this problem for the last few years. 'I’he 
(ierman (’ommittee were the lirst to publish Ihe 
r» suits of their work and to suggest certain standards 
of fastness. Since then the American and Hritish 
Fastness Committees have also published their II e- 
ports. In the mean time the (ierman ( ommitttr’s 
re<*ommendations liave underg»me si veral ^ visions. On 
the whole the recommendations of the (ierman (bm 
mittec ap))ear to be more thorough and comprehensivt* 
than those of American and Jlritish (bminittccs and 
are therefi)rc more widely accepted. 

According to this sysltm the lowest degne of 
fastness is represented by the number 1 and the highest 
degree by the number 5. In the case of light fast- 
ness however, there are eight degrees of fastness, 
the highest degree being represented by the number 8. 


'I'wo tables are aj)pended below which will make 
the meaning clearer: 


I'or fastness to llijhf the 
fu fit res sitjnifij 


For other fastness 
properties 


1 — poor, 

;t — moderate, 
n — fairly good, 
() - good, 

7— very good, 

S exc»‘llcnt, 


1 poor, 

2 — moderate, 

.T -fairly good, 
t good, 

/^ - verv good. 


For each of these standanls jirccise tests have 
been suggested, so that there is no (piestion of any 
uncertainty. The tests are such as to yield reliable 
results in the hands t)f different workers. 


From the above it will be seen that it is imw 
possible to dispense eonipletcly witli such terms as 
“fast" and “loose," which are ca[)able of conveying 
different meanings to different persons, ami to imli 
cate the actual degree of fastness by a number which 
means that the dyestuff will stand up to certain 
definite tests. This kind of statement is free from 
all ambiguity and therefore convenient for everybody 
concerned. Unfortunately, experts in the different 


countries have not yet reaclnd complete unanimity 
regarding the tests and the syslcm of nolalion. 'rins 
is no doubt due to the extraordinary romplrxily of the 
problem. Jt is to be hoped that it will soon be 
possihh* to reach complete agrecmcul as a result of 
furl her work now in progress in many countries. 


Conclusion 

'I’his brings us to the quest iem as to what the public 
may reasonably expect by way of fastness guarantees 
and what they may not expea^t. It is apparent that 
any kind of unlimited and absolute guarantee is <piite 
out of the tjiicstion. 'rhcrc is no colour which is 
absolutely fadeless under all comeivablc conditions. 
In actual fact, even in the case of the fastest dyestuffs, 
slow fading is rathi-r the rule than tlu* c‘Xi(‘ption. 
Many of us have noticed the slow fading of dyed 
goods after repealed washing, 'rins is j)arlieularly 
noticcahlc in the case of light shades. Although the 
rale of fading may he grt ally accclcral(‘d by careless 
or im]>ropcr washing methods, it should be clearly 
rec<»gni/.ed that stane fading is inevitable even under 
the most careful Irealmt'ut and willi the fastest of 
dyestuff’s. 

Hut, unfortunately, there is no sim]>le method (»f 
sptcifying any limited guarantt*e which will be easily 
mulerslood by the puhlii*. 'The scientific imthod in- 
dicated above will not i)e understood by the public, 
until they have been more* thoroughly educated in them* 
malt(‘rs. In the mean linn- dealers will probably con- 
limie It) usi‘ guarantees which have a selling value 
irrespective of their seientilie implications. 

While it is iin|)ossihh' to produce dyeings which 
arc absolutely faileless under all jmssiblc circum- 
.st.Hiiccs a range of dyestuffs is now available wliieli 
can satisfy all reasonable demands. 'I'lie public can 
extn-et lhi‘ et>lour on a dyed material to stand normal 
use and washing duritjg the normal lifetiim* of the 
fabrii* without any appreciable fading. Jt is quite 
possible to give such a qualified guarantee, providcil 
the shade is Jiol too light. Here again one is confront- 
ed with the difficulty of defining in ])recise terms 
the phrases “normal use", “normal life" and “aj)preei“ 
able fading". Allcrnativi ly, it might be possible for 
the manufacturer l«) guarantee that, the material has 
been dyed with the fastest available dyestuff. Or, 
the guarantee may be limited to a definite ])eriod of 
lime. Hut none of these methods are free from 
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ami at present ()])iiiii)n is dividc'd as to 
wliieh is the [)esl wav of expressing flu- ;;iiarantee. 

'I’lie smr( ss of any selu me of ^^ivin;^ ;»iiarantees 
for tile fastness of dyed iiialt-rials dept iids on various 
faelors. In tlie first plaee, the dyer must liavi* a eoiii- 
plete knovvleil;;e of all the materials he uses, sueli 
as till* dyestiitfs, the eheinieals, the filires to he dyed, 
ete. He must also have an idea as to the us<* to 
whieh the material is ^^oinji; to he put. Without this 
knowledge it is impossihh' for him to choose the 


colours properly. In the second place, the public 
must know the limitations of the dyeing and the dyc- 
stutr-making industries and not expect the impossible. 
In the third |)laee, the public as well as the jXiople 
connected with the trade in dy(‘d materials .should 
havi- a knowledge of the scientific method of .specifying 
fastness ])ro])erties whieh eliminates all ambiguity. 
In all the induslrially advanced eounlrit's attempts 
arc* now Iieing maih* to educate the public in tluvse 
mailers so that, liy a mutual understanding of the 
difficulties involved, a more satisfactory service may 
be rendered to the consumer. 


Ageing of Power Condenser and its Remedy 


It is well known that alternating current in a 
circuit consists of an active or useful current and a 
wattle.ss or idle current. The active current causes 
the motors to run and j)rovides heating and lighting, 
'rile KWh meter indicates the eonsumjition of this 
useful current. 'Phe wattless current is used only to 
inagnetixe the windings of motors and transformers, 
but do(*s not jiroduee useful work. Tor this reason 
wattless current is not registered by the KWh meter, 
if it is to be measured at all, a second meter must 
be installed — a reactive energy meter. 

'Phe power factor is an indication of the electrical 
efficiency of the plant. It indicates the relation be- 
tween the active current and wattless current. If 
the power factor is, for instance. O.d. this means that 
the active current is ordy (iO'V-, of the l<»lal current 
consumption. If the cousumplitui of wattless curn'iit 
is reduced it is clear that the power factor will 
im|)rove. 

Although wattless current is unproductive, it loads 
and heals all comimnents of the ])lant in cxa<‘tly the 
same way as the useful current. Its ])resenee ncees- 
silales an inercasc in size of the generators, transfor- 
mers, switchgear and condiu’tors. A bad power factor 
thcrcf(U'e causes increased «‘xpen<liture. Further the 
prestmee (»f wattless current may also entail eompli’ 
cation of a technical nature; inasmuch as it increases 


the current surges, ami [iroduci's lu'al whieh damages 
cables and causes voltage Huclualions which motors 
and lamps (‘annot withstand. 

'Phis idle current may be due to imhielivt* or capa- 
citalive loads. In actual practice ilectrie power- 
stations an* more subject to an unfa\ourabh' power 
factor due to inductive loiul than to a bad power 
factor due to eapaeilance. 'Plu* itllc current due to in- 
ductive load is said to In- lagging and that dm* to 
eapaeilance is said to be leading in regard to the 
true curii’iit. As these two kinds of loads exert 
opposite inlhicn(’(*s on the phase angle, tlu'y can, if 
suitably adjusted, com|)cnsate each other’s inlluenc<‘ 
on pow(‘r factors. 'Phis method of power factor im- 
provement is i.'tremely Kim])le. 'Phe static condensers 
thus used for compensation of the power factor of an 
eleelrie plant are usually called Tower Factor 
Condensers. 

'Phe capacity and voltage of power conden.scrs 
are practically unlimit(‘d now-a-days. Ckmdcnsers of 
many thousand II. K. V. A., in power systems and 
for several million volts in surge voltage installations 
have proved their worth in practice. Although the 
mod(‘rn condenser is entirely reliable, it has been 
found from experience that slow deterioration of the 
die lectric takes plaee which may continue for years 
before an actual breakdown occurs. The latest and 
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decisive stage in the development was the investigation 
as to the eaitses of this ‘ageing’, as it is teelinieally 
ealh‘d. Assuming llie use of hrst-elass matiTials both 
from the. electrical and chemical |)oints of view the 
cause of this ‘ageing’ has been found to be due to the 
iormalion of small air-ludls (less than 1/100 inin. 
long). Kven with the most careful evacuation these 
small air-bells cannot be entin'ly removed fnmi llu* 
impregnating tanks of the condenser cleim'iits. 'I’lwsc 
air-bells form the weak spots of the dielectric. Jn 
a homogeneous electric field, the strengths in the 
,S(‘parate layers of the dielectric are inversely pro 
portional to the dielectric constant !•!. For I In* oil 
impregnated paper the value (»f A' is about four times 
as great as that for air. 'I’lie smaller dieh'ctric 
strength v)f the air-bells is consequently accompanied 
by a higher load. 'I’he air bells which arc already 
itu'izcd at viiltagcs which are lu^t dangerous for the 
paper and the oil, start to ‘glow’, when subjeeted to 
over voltagt s. 'I’liis causes chemical changes in tlu‘ 
oil (]>olymerisation ) vvhii h grailually changes into a 
waxlike mass whilst hydrogen gas is released. 'I’lu* 
j>a))<’r fibres gra<lually become carbonized, and the 
corulenscr ‘ages’. Since the air parti<*h‘s <‘an n(‘vcr 
be renuned, other means have to be found, of cner- 
coming thi.-i deterioration elTect. It is well known 
that the dielcilric streiigih of a gas increases in 


approximately direct proportion to pressure. If, 
therefore, the air-bells are compressed a much higher 
Viiltage can be applied to the spools before ionization 
takes j)lace. 'I’hus when care is taken to keep the 
voltage well under the i<mization point of the com- 
pressed air, the ag(‘ing elTect may be greatly 'elimi- 
nated. 

It has recently been announced l)y the Philips 
Itescareh Laboratory that by utilizing this ))rinciple 
they have siuareded in designing condensers in such 
a way that this ageing effect has been considtTably 
minimized. 

'I’hc (‘ondenser spools arc })laccd in a steel <'ylin- 
di-r. 'Lhe eylindiu* is filled for the most part with 
oil anil for the rest with nitrogen under pressure of 
;i()() pounds per square inch. ’I’he inert gas is used 
becau.se it does i\i,t eorriide the i ylinder, has no 
chemical action on the impregnating oil and does 
not support eombu->limi. i'hc difficult problem of how 
to seal hennidiially iln current leads against the 
steel cap has also bien satisfactorily solved by 
utilizing the chrome-iron to glass- welding process, 
'i'he condensers manufactured on the basis of this 
principle an of i.xtremcly sturdy construction, and 
on account of suppression of ionization phenomena 
and of pirfictly airtight sealing, the causes of 
‘.•igeing’ have been eomplctely doiii* aw;iy with. 


Adhesives from Wood 


An affiliated concern of tbc (icrman Dye 'I’rust 
has developed an invention w'hich promi.ses to be of 
great importance for the paper-making industry. 
Hy thi.s new patented pnur.ss, a cellulose adhesive is 
now' being produced in CJcrinany from wood, 'i’his 
adhesive »s not only a j)erfect substitute for Hour- 
paste but as .shown by the initial tests carried out 
in practice, it also po.s.sesse.s a number of other appli- 
cation.s. For example, the new adhesive drie.s with- 
out creasing or warping, and makes an excellent 
binding medium for the two surfaces. The adhesive 
effect is not obtained by superficial pasting, but by 
a felting process so that even after drying and after 


a long ])eriod in hot, dry rooms the [)aper does not 
separate. Moreover, there is no risk of the glue 
peintrating thin paper. 

Being a pure cellulose product, the glue neither 
affects the colour of the materials nor is there any 
danger of decomposition of the .solution even if kept 
for a long time. As a result of these distinet advan- 
tage.s, the (ierman pa|)er industry is adopting this 
new' adhesive to an increasing extent which in the 
view of the trade will have favourable effects uj)on 
the quality of the finished work. 

— The Chemical A(fe, July .‘1, 19;)7. 
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Indian Scholars in Ancient Greece 

M:my scIkiIjits linvo drnvn nftonf ion, I'rriin time 
lo time, to r(‘mai*k:il)ie similarities l)et\veeii the 
aiieient fiidian and the (irer^k sehoois of thought. 
Th(‘ parallelism l)etw(*(*n Plato’s doctrine of Ideas 
and ^^•daIlta, tin! social classes in his Uepuhlir 
(/. e. (iiiardians. Auxiliaries, and Prodneers) and 
the Varnas ot* the Hindus, is specially noteworthy. 
So ar(? the resemblances between the Kleatic and 
Sankliya scliools and between Orphisin and Bud- 
dhism. Megasthenes, the (ireek ambassador to the 
court of (Jliandragu])ta Maurya, remarks (;f02 u. (^) 
that the teachings of tin* Brahmans and the Greeks 
agree in many jioints, e. f/., the natnn* <d‘ God and of 
creation, the' sliafie of the world, th<' immortality of 
soul, etc. 

fn an int(*resting no((* on this subj(‘ct (ImUaK 
Art ttifd Lrltarri, /^^ oT, PKhi) II. G. Bawlinson says 
that tlmse resembhmees hav<* been hitherto dis- 
miss(‘d as coincidences or instances of paralhd but 
independent development of thought, in view fd’ the 
fact that Herodotus explicitly states that the Greek 
doctriiM* <»f metempsychosis came from lOgypt, and 
that contemporary proof of any nexus betweiMi 
cultured Greeks and Indians lias hitlna-to Ixsmi 
wanting. Bawliiis<m, liowever, (piotes a remarkable 
passage from Knsebins (bi^liop of (’aesarea in Phoeni- 
cia, dlo-.llO A. D.) which so long had apparently 
been overlooked by scholars. Here is the passage : 

“Aristoxenus the imi.siciaii tells the following 
story about the Indians. One of these men met 
Socrates at Ath(*ns, and asked liim what was the 
scopi* of his philosopiiy. ‘An empiiry into human 
phenomena’, replied Socrates. At this the Indian 
burst out laughing. ‘How can a man (‘n(|uire into 
human phenomena’, he (‘xplained, ‘when he is igno- 
rant of divine ones ?’ ” 

Aristoxenus the musician (ikSO B. (\) was a 
pupil of Aristotle. So here we have contemporary 


evkh'iice iil the presence in Athens as early 
as tin* fourth (yntiirv n. rd’ Indians who knew 
Greek and actually disciisseil philosophy with 
Soerat(*s. 

On Cosmic Ray Showers 

In PKH Rossi (hit. Ojh, Xarl. Ph.^ Hondon, 
IlKM ; Zfi. f. phijs., fiS^ I ti l, ID.'H) niadt* the interest- 
ing discovery that the cosmic rays in passing through 
matter produce many ionizing particles (showers) 
as secondary products. In his experiment Itossi 
counted the number of triple coincidences between 
thn'C counters placed Ixdow a lead plate as a func- 
tion of the t.hicku(‘ss of tin* plate and obs(*rved a 
very rapid increase* in tlx* triple coincidenees with 
tlx* increasing thickness of lead, until, for about a 
oixM*cntimet(*r thickness, a maximum was reached. 
B(*yond this point the curve d<H‘reased, at first sharp- 
ly and then very slowly. 

Theoretical attempts had Ix'cn made to explain 
this phenomenon of slioweu’s iiiitil it was believed 
that the ordinary (|uantum eliMdrodynamics was 
unable to cope with this probl(*m. Heisenberg 
in however, (Zs. /’ phys. oikl, Iblhi) 

worked out a tentative theory for shower formation 
assuming the interaction betwei*n heavy (proton, 
neutron) and light particles (electron, ix^utrino) to 
be that giviui by Fermi’s tlx'ory of /f-ray disintegra- 
tion. Ho found that for such processes the pro- 
bability of ejection of several particles should be of 
the sanx* order of magnitixle as that of om*, tlu^ 
Fermi coupling thus being responsible for the pro- 
duction of showers. 

fiispired by the results of the latest ex|x*rimeuts 
of Anderson and Neddermeyer (Phys, Her,^ 2158, 
11)8(1) that the experimentally measured energy loss 
of fast electrons passing by a nucleus is in agree- 
ment with that predicted by the Heitler-Bethe’s 
theory up to energies of 800 million (?-volts, Noi- 
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(IIkmih, Bliabh:i iuxl lloitlor, (Pror. Uoy. Sod., /.>/>, 
IT2, 19157), atul Carlson and ()iip(?nlicinu*r {Phys. 
Uev» ‘i‘20, liKi7)have made frosli att(‘inpts to seek 
an explanation of tlie shower pr(»duction in the 
(inantum elect rodynainies assnminj^ that the ]n‘imary 
cosmic rays an*, very fast electrons or positrons. 
They ealcndate the nnmb(‘r of secondary positive and 
nejijative electrons produced by a fast ])rimary 
electron passing:: thron;;h matter. The showers in this 
theory are built np by a succession of simple 
eh‘mf*ntary process, the mechanism beinjr as follows: 
the primary electron in tin* lield of a imcl(*ns has a 
larjje i)rol)al)ility of emitting a hard li<rht (piantuni 
which then creates a pair. The pair (*lectrons emit 
lij>:ht quaiUa aKsnn which create pairs and so on. The 
calculation shows that if, for example, (‘lectron of 
10'' e-volts passes throuu:h a lead of .“) c.m. thickness 
tin* number of ])arlicles emcr^inji: from tin* plate 
amounts to 1000 or more. The tlieory snccessfnlly 
reproduces the nature of tin* curve as ol)S(*rved by 
Hossi. 

//. (\ M. 

Vitamin B in Breads 

Tint diet in the household of the inn‘mplny(>d men 
in the South Wales (MJalliclds comprise little beyond 
white bread, butter or marjfariin*, p<»tatocs, su^^ar, 
jam, tea, and bacon. In (»rdcrtosec if such a diet could 
lx* much im])rov<'d by the us(! of whoh*mcal brca<l, 
li. .1. Harris (Pinchem. J. 1. V.)9 VXll) und(*rtook 
animal feedinji experiments to compare wholemeal 
bread with ^erin bread :md bran br(*ad fj^criii free 
wholemeal bread made by admixture of white Hour 
with bran) with trenuine wholemeal bread and with 
white bread. An accurate assay was carried out 
by the bradycardia method and the following con- 
clusions derived. 

(lorni bread prepared from a mixture of .‘5 parts 
of W'hite tlonr+1 part treated jjerm was found to be 
only lifi/c superior to ordinary wholemeal bread 
:>lthough 7 to 8 times more potent than white bread. 
Again “without germ breads” or “bran breads” (/. c. 
brown breads” coutaining the branny matter but 


with a minimum of germ) were superior to white 
bread in containing significant amounts of vitamin 
Bi and contrary to expectation were m»t greatly 
inferior to genuine wholemeal bread or to “with 
g(‘rrn bread” /. G. bread containing in addition the 
small ])roportion of genu present in the original 
whole wheat. 

.After tin’s, some (*xperiments were continued to 
obtain information about tin* vitamin Bi content 
<jf the. flours corn*sponding with the breads used in 
tin* experiments described above. 

.\s with the corresponding breads, the “germ 
flour” has an activity similar to that of wholemeal 
flour. The rc'ason for this is that the “germ” is 
less potent than has b(*cn sup|)OM*d. This is confir- 
in(*d by tlu* <lirect assay <d‘ raw germ itself, 
whereas branny matter which is mainly responsible 
for the Hj pot<‘n(‘y of wholemi'al Hour is also fairly 
rich in vitamin J5,. 

If. \. li. 

A New Phenomenon Occurring in Ionosphere 

In October IfKlo d. H. Dellinger gave a brief 
account of four occasions on whi<*h all high-fre(|uen- 
cy radio transmission throughout an i*ntire hemis- 
phere was sudd(*nly silenced (PIff/x. Per. //, 7()o, 
HKlo). II(* at that time point<*d «mt that the efVect 
(xa’iirrcd throughout the illuminated half of the 
gh>bc only and not in the tlark half, advanced the 
hypothesis th.at thr*y depemhal on some solar emana- 
tion lasting only a few minutes, and suggested obser- 
vations by workers of the possible occurr(*nce of 
elVccts ill terrestrial magnetism, sjihir radiations, earth 
currents and related phenom(‘na. From this suggestion 
there grew up an extensive rK‘ld of investigation ii|)()n 
these interrelated phenonu'iia in whhdi numcrons 
individuals and organizations collaborated. Thus 
the data collected so far repr(*sent very extensive 
observations, a condensed summary of which by 
Dellinger himself ajjpeared in the March issue of 
Terrcslrifi/ Maynctisni aud .[tmospheriv PAvftrieHy 
(Vol. 42, p. 49). 

An analysis of the data ininiediately reveals the 
fact that the radio, terrestrial magnetism, earth 
current and solar effects arc all simultaneous with 
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ono anothoi\ nn<1 the wholo phoiioinonoii lasts* usually 
fmui 10 iriinutos to au hour. Tho radio (dFc^ct is tli« 
suddcMi n'ssatiou of lii^h-frcijufucy radio sijjiials 
r(M*oivfd fnun a ilisianrc, or tlio disap|>par:iiH‘<‘ of 
echo pjdscs in ionospheric cxpcrinuMits. 'rii(‘ terres- 
trial inaj);n(*tic and earth current efleets are the 
oceui’renc(*s of a sudden sharp incn‘ase of a recorded 
el<*ni<*iit, followed hy return to normal ; the terres- 
trial majrnetic etVeet is usually more* mark(>d in tlm 
hori/outa! intensity <u‘ d(‘clination. 'J'h(‘ solar eilects 
are hri^hl <*rnptions of the type* n'^^nlarly n*port<‘d 
in the (iiiarterly Unllctln for ('Itaraf fr/ ^ Fif^ttres o/ 
snhir phvHfHncun from /tirich. It is also observed 
that the inteaisity of the (‘tVei-ts is jrreatest in that 
rey:ion of the* (*artli where^ the sun’s nidiat ions are 
p(*rpenelie*nlar and diminishes to /ero at the hoiin- 
dary of the illuminate*el hemisplu're. 'I’liey are also 
ohservesl to lx; meu’e intense in (‘einatorial reirions 
than in higher latitude's. 

It is ch'ar from the* nature eif the seve*ral terre*.s- 
Irial eilects that they are* canseel hy a sudeh'ii 
inetvase* in ioni/ation in some portieeii of the ioiiees- 
phere, whie'h in turn is caused hy ele'ctre)-ma^ne*tie* 
radiation from a sedar e'rnjelion. An incre‘ase* in 
the* ionization e>f a i)arti(Mdar layer in the* iemeesphere 


South American Human Figures 

'I'wo Imiiian figure's have hean found in Holivia 
in Seal til Aine;rica, one is that of a male anel the* 
other female. The male is maele eef stone and 
10 inches in lieij^ht while the female one is made 
of a kind of clay anel (i'j inches in height, 'riie eye^ 
brows of be)th the figures are prominent. The ears 
and nose arc long and the form of tlie eh in is sepiare*. 


caus(*.s incrojiscd absorption of the radio wavo.s and 
diininish(*s the r(»c(*ivod intensity of waves which 
pa.s.s through tlie layer. The seat of the layer i.s 
foiinel to 1)0 a re'gion below the* E layer, /. e?., Ie*s.s 
than 1 10 kilome*te*r.s above the* Earth s .surface*, ft 
might possibly he* euic e)f the iTgiems of the lower 
ieme>sphe*re', thoPovt' at 00 and liO Km re*spoe- 
tively, whie*h were* re*ee;ntly discovered at (./ah'iiita 
( \afftre, AVJ, 0.>:a lO.'kj ; Se iKxe K .\ni> Cri;niKi:. 
/, 70‘i, 1030 ). It .seems that the* agency whierh i.s 
re'spousibh* for the iiiere*asiug ionization of the 
lowe*r layer is elille*re*nt fre>m that which e!ause*s the* 
ieniization e)f the* re*e‘ognized A’l, P\, P\ laye‘rs. Hie* 
ra(liatie)M emanating from are*a of siidelen hursts eui 
the* sun’s sni faee* must, therefore*, be e)f snilieiently 
penetrating eharaete*r to pass through the nppe‘r 
laye*r.s anel pre)eliiee* intense* ieniization in the* layer 
of the* lower ionosphere* where' the* mean fre*e* path 
isslun-t. The; inere*aseel ionization, for this re*ase>n, 
elisappe*ars e*.\tre*me*ly rapidly e)n ae'eouiit of Ihe* 
larg<*r value of the* re.*e*oml)ination eoe*l1ie*ie*nl. 

I'he ione>s|)he'rie elistiirl)ane*e*s anel the assoeiate*d 
elleets are the einly m(*ans e)f stnelying the* nature* e)f 
the raeiiations IVom solar euithiirsts he'canse* the*se* elo 
lied ivaeh the* Earth’s surfae'C anel e'annot theredVire* 
lx* elireelly dete'ete'd. 

S'. (\ Ikh. 


Cresswell Palaeolithic Artifacts 

Jn the stone Age; (iallery of the Hritisli iMuseimi 
ill January a special exhibition was bed*!. 

I’liere stone, hone and ivory artifacts excavated 
from the Pin Heile* Cave and Meither Grmiely s 
Parlour, Cresswell by E. Armstrong from 1923 le 
193(), were shown. 
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A Guide to Sarnatli Inj //. Majunnhu', Sttpcriit- 
lemleiity Office of the Director (lencritt of Archocofo- 
(jy in India. With an introdnrtiifn hy Uao Doha- 
dnr K. X. Dihshit, Delhi, Manaycr of Dntdiratinns, 
pp. rv \ 122 mnl Ifl platcfi. Prire Pc 1-12 

or 2s, 

Mr ]\rnjiiin(]iu*, wlio wns known (o ns jis tin* 
jintlior of ji Bonjrali Onido fo Snrnntli ofti(*in!Iy piih- 
lisliod in in2(S, has now produced an Kn<jlisli account 
of tli(i Buddhist ruins at Sarnath for tli(‘ use and 
guidance* of tin* visitors to this site of «j:roat archaco- 
lojrical interest. The present ])ook*, thonj'h fnlhiw- 
in^ tin* same plan as his earlier Benirali book, is 
entirely independ(‘ni of the latter and contains a 
jrood deal of fn*sh matter. Tin* book is divided 
into four chapters ; tln^ lif(^ of Buddha ; tbe history 
of Sarnath, includinij art ; the monuments ; and the 
museum. The description of the last occupies more 
space than any other cha])ter, and naturally .so, as 
the mus(‘um is mor(‘ interestinji to tin* casual visitor 
than the .structural remains. Mr ^lajumdar .some- 
times attempts new interpi'ctations of the .symbols of 
Indian art and iconojrraphy, as those on the lion 
capital of .\soka, which de.servo attention. Ili.s 
(‘sot(*ric explanati<ms of the nralunanioal j^ods seem 
to be a bit out of place in a. book of oHicial archaeo- 
lojry, but will prove to lx* of interest to the averajre 
reader. 

Altogetln'r Mr Majumdar may lx* conj^ratulated 
on havinji ])roduced a book which will admirably 
meet the re(iuirements of those for whom it is 
intended and there is no doubt that his well-written 
work will supersede other similar previous publica- 
tions, official or otherwise. 

The Kharias— 7/// Sarat chandra Poy, MA, and 
Ranmh Chandra Hoy, M.Sc. ^Vith a Forenard hy 
Dr R, R, Marett, M,A., D. Sc., LL.l)., F.llA. 


Pntdished front *^Mait in hut in" Offitr, Ihutrhi, 
1227, Price Rs lO!- Vol 1 d‘- 11 p.p. 2112^221, :,:!(! 

Thi.s is anotIn*r tine achicv(‘nn‘nt of the or.ind old 
man of Ranchi, Uai Sarat (.'handra Roy l)aliadm’, tin* 
eminent authropolojrist of India. ( 'hota-Naiipur and 
nuKst of the easttTii slope's of tin* Nbiidhya'i’ans^es, 
beinjj^ com])aratively barren and inaccessible, have 
always e.scaped the disastrous convolutions of Indian 
political chanjije.s. Thus many of the oldest abori- 
flinals found sab* shelters in the wild recesses of the 
valleys. There in tln*ir eoniparative seclusion 
niihamp(*red by tin* onslan|j:hts of tin* ^rowiny; 
civilization, the people pi(*serv(*d tin* purity of most 
of their original mann(*rs, habits and lx‘Ii(*fs. Tln*.se 
places then*fore j)res(*n( :i vast rK*l«l of activity to the 
anthro])olo{;ist, and Hai Bahadur Sai’iit fhandra Roy, 
the ])ione(*r in Indian anthropolojzy, took np in ri^^ht 
earnest the systeniatie stinly of the peoph*. 

The.se two in*at volmix's practically form a 
part of the Hal Bahadur’s s(*ri(‘s <>f antliro]U)h)j^ieal 
publications on the trilx*s of < 'hola-Xaiipur hill 
tracts. W(* jxt't ln*re a c*le:ir idea of the manners and 
customs of thes(* |)(*opI(*, their ideas of i»overnm(*nt 
and .social control ujrowinjj; in an almost unalloyed 
form in spite of their beine; suiTomided by superior 
civilizations. The ear(*fid anthrojx)metrie study 
jliven in the book will prove* most helpful in the 
.study of Indian races and racial discriininatiims, 
and will clear our vi(*ws about the original migra- 
tion of races in India, ’riu* folklore* and myths, 
dances, music, annuseiiM'ut sind ^aines, and oth(*r 
recreations of daily life an* not only interest iiijLr, 
but will also be (‘onsiderably helpful to tin* students 
of anthropolojry to understand human nature in its 
nmvenx'nt.s, its tendencies and ])n»sp(»ets. 

There an* a f(*w, 111011*1:11 nejLrli*;ible, printing: 
errors, but the pfotiip, print in**: and illu.strations an* 
^ 00 ( 1 . 

Mincndrnnath Dos a. 
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Magnetie Properties of NiO 

Nickel oxiric wjis prepared by slowly oxidi/inpj nickel 
anialjcrani in air. The amalgam formed at current density 
(I) gave a greenish oxide, while the amalgam formed at 
a higher current density (IT) gave a greyish black oxide. 
The room temperature magnetic susceptibility (x) for oxidc.s 
(I) and (II) were respectively found to be 106 / and 153*4* 
in a field of about oOOf) gauss. Tlic temperature-suscopli- 
bility curve exhibits a sudden drop in the neighbourhood 
of 350®C which is very near to the Curie-point for metallic 
nickel, y also diminishes with increasing field. This efl'ccl 
shows that oxide contains mclallic nickel. The results are 
thus in agreement w’ith the properties of NiO prepared by 
din'ereiit means as ob.served by Klemiii and Schuth'. The 
drop at 350*C incidentally points to the fact that the Curie 
point for metallic nickel in a fine state of subdivision is 
lower than the metal in l)ulk. The metal is perhaj>s in a 
colloitlal state. 


The oxides were heated to about for difierent 

durations. The corresponding changes in susceptibility are 
given below. 


Duration of heating 

Temperature 

.Susceptibility. 

Samjde I IJ hrs. 

33.r>® c 

20.1 

U n 

34®C 

13 

Sample 11 U „ 

33 5® C 

17.3 

U 

33® 

15.3 

U .. 

.33® 

13 5 


The temperature efToct for sample II was taken at this 
stage, the value showing an increa.se up to 220®C (14.5 to 
15.7) and thence a decrease. Both the samples were heated 
for a further period of 4 hours, and the temperature eOect 
observed. The results are given below, — 

T*C 34-3 131 197 269 329 374 404 428 

X 9-73/ 1014 10-86 11-53 11-66 11-64 1136 11-29 

y thus does not go on increasing with temperature as found 
by Klemni and Haas*, up to 350®, i. «., the point to which 
increase is maintained in our cJise, our values arc in very 
good agreement with theirs. 

In units of 1 x 10"‘. 


It is thus seen that NiO in the amor])houa state has not a 
very well-defined y value, which is higher than the value 
for the material in the crystalline state, this latter appear- 
ing to be much more well defined. 

Indian Association for the I). I*. Roychoudhur}', 

Cultivation of Science, A. K. Bose. 

Calcutta. 

25. 6. 37. 

1. Zeit. f. (inorg. u. allg. nhem. 210, 31, 1'133. 

2. Zeit. f. anorg. u. allg. chrni, 210^ 82, V)34. 

On a Certain Point in the Proof of Kirchoff'i Law 

Tliat radiation- emitteil by the wall of a uniform tempera- 
ture enclosure at any point inside it is the same everywhere 
independent of the position of the point with respect 
to the walls of the enclosure*— -a point arising in conn ec- 
lion with the proof of KirchofTs T.aw, and usually not 
analytically d alt with -can be proved formally as 
follows : Take* a very small sphere imnle up of .symmetri- 
cally disposed component surface elements 

each ecpial to rf.S?, numerics irnlicating difierent composi- 
tions of the res]>cetive portions, bet etc. 

be the rc.spective absorjdion coefiieieuls of dS^, etc, 
for A. b'or a jiarlicular position of the sphere inside the 
enclosure, let the emission-coellicienls of the enclosure be 
respectively i^A. i«A.** «t the different spatial points 
occupied by rfN, , .dSn •• 

Then heat received by the sphere at the given initial 
position is proportional to 

j 

J '■ J ."A /A'^^ 

=/r (say). (1) 

If now the sphere be rotate/1 about the axis of symmetry 
(with respect to component elements) so that dS" comes to 
occupy the former position of dS^, and dS^ that of dSt, and 
so on, then .since for temperature equilibrium the heat 
received must be the same for all positions of the 
sphere, we have, remembering that etc., are proper- 
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ties of si^ace, and iAA... ,aAi etc. properties of the spherical 
body, ( shape and size of the enclosure remaining 
unchanged ), 

+f/Si J*)";IsCA ••• 

+ (fS f -A' (2) 

n— 1 n— ^ ^ n • 

vSubtrncting (2) from (1) and arranging ,we obtain 

- -idS^ 

il>. ■ 0 (3) 

The parameters ,,«A ctr. are at our disposal, 
so we may assume, 


1 - ' 2 ^^^ * - ’ • 




Hence, sum of the first (??-1) integrals (*.' d.^, — d.*^, =., 
~-^dSn) must be greater than 

Hence for (3) to hold, . . . . 

Similarly', by suitable modification of the inequality 
relations or by further rotations, it could be proveil that 


Indian Association for the 

Cultivation of Science, B. Muklioiradliyay. 

Calcutta. 

17.f).37 

1. Heat, Saha and Srivastava, 1931, page 503 


A Note on the Effect of the Pint Meting 
on the Fecundity of the Polio Boetlci 

The pulse beetles are polygamous ; and frequent matings 
occur. The males seek the females, and pair with the 
oearest one accessible, evincing very little choice ns to the 
idoction of partners, the females playing the passive 


part. The mechanism of the reproductive apparatu.s has 
been described by us* (1937) and the mating habit by 
Zachcr* (1930). In our examples of Brnchus quadrimacu- 
latUR i<abr., infesting the stored pulses and reared in the 
Laboratory under the ordinary room condition.s, the pairing 
commences soon after the emergence of the iincigo, and copu- 
lation which takes ]dacc in the day time, lasts for 25 seconds 
to 3 minutes. Kgg laying begins within twelve hours of the 
first mating, and continues on an average for five days 
or more if the females live longer. Eggs arc laid in batches 
and at intervals during wdiich fresh copulation takes place. 
The maximum numl>er of eggs is depo.sited on the first 
day, or the second day of emergence ; and the subsequent 
tiumber of eggs laid daily decreases with advance in age 
as .shown by Larson and Simmons* (1923). Larson and 
1‘ishcr* (1921) are of opinion that the frequent mating 
.such as occurs under storage condition.s diminishes the 
longevity and affects productivity. Zacher (1930) reports 
that a .single male of Zahrotea auhfaaciatua Boh., success- 
fully mated, at least, with five different fcmalc.<i on successive 
day.s, and .sliowod sexual vigour for a week. He doubbs, 
however, whether a female which copulated only once 
could lay the normal number of eggs. 

To detennine the question Bruchua qvndrimaculatua 
I'abr., reared on Phaaeolua m?/n 5 fo in the mouths of May 
and Juno 1931, were kept from the egg .stages on w'ard, 
separated from obe another. Just ns a male and a female 
emerged they were brought together, and after a single 
act of sexual union, they were isolated again. Several 
observations were made on different pains, and on an 
aviTag.^ tlie life-history was completed in 2S days. The 
results arc tabulated below. () indicates the total number 
of eggs laid by the female which mated only once, M 
and F resj)Petively the number of males and females 
liatcliing out. of these eggs and N the number of non- 
viable eggs, i. 6., that did not develop. The number of read- 
ings are .shown in the left column. 



() 

M 

F 

N 

1. 

75 

30 

34 

1 

2. 

()9 

16 

14 

39 

3. 

67 

32 

25 

10 

4. 

56 

32 

21 

3 

5. 

40. 

17 

15 

7 

Average of a 
single female 

61.4 

25.4 

22 

12 


Therefore viable eggs are 77.1%, males 41.396 and females 
35.8%. 


A control experiment the results of whicb are given be- 
low was made with identical conditions but the pair were 
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not st'priratOfl afti*r tho (V)f)ulation and wore kept to- 
j^etlj(M- for free* :m«l normal miinl)er of inatin^n. Hence (> 
iinlicales, in the table, the total number of ‘loposlteil. 



0 

I\1 

1* 

N 

1. 

75 

21 

12 

42 

2. 


17 

12 

32 

3. 

so 

14 

13 

32 

4. 

.ss 

IS 

11 

29 


32 

13 

16 

3 

Average 

57 

16 6 

12.S 

27.6 

Tlicrcfore, viable eggs are .SI..S 9 &, 

males 29.1%, 

females 

22.1%, 





The control 

e\perimenl 

was repeated with two pairs 

insti'ail of Olio, 

to facilitate 

: random 

mating. The 

results 

are given below 






D 


F 

N 

1. 

121 

51 

46 

33 

2. 

S<) 

34 

29 

23 

Averatreof a 





single female 

51.7 , 

21.2 

18.7 

14 


Therefore vinl)le are T7,1%, nin,les 41^, feniale*i 


Similar observations were iiiade by isolatinjj female*? 
after the first, seeoinl and third matinjirs on successive 
•lays. A;^ain a virgin isolated for a week from its date of 
eiiicr”Oiice, did n(>t deposit any durin*' this period, but 

later f)n, beinti mated laid 2^ The details w’ill be 

published elsewhere. 

The (1 ita i^iven above alihouji'h insulTicient for mak- 
in«^ a deliilite conclusion, ncverthcle.ss, tend to show that a 
single mating soon after the emergence, does n(»t afieet the 
fecundity or the fertility of eggs. 

Department of Zoology, D. Mukerji. 

Calcutta TTniversity. M. A. H. Bhuya. 

30. 37. 

i. Sci i:\cK AND Ciri/rnRK, /, 193fi. Proe* Ind.Sci.Congr, 
(Zoo. Sec), l')3(). Joum. Morpholofjij^ Philadelphia, ff/, 1037. 
' 2.''‘'Arh. IhnI. Rvirhanstlt. Land, Forswirst^ 18^ 1930. 

' 3. Jnnrn. A'jric, Research, Washington, 26', 1923. 

-I. Ibid, \'f2\. 


On the Photo-iodination of Phenylacetylene» 01-Cyclo- 
pentadiene and ^-Amylene in Wave lengthi 
546, 436 and 366 ///< in lolvente of Carbon 
Tetrachloride and Benzene 

During the last few years e.xtensive researches have been 
carried out on the photo-chlorination and photo-bro.inination 
of various substances. But up till now, instances of photo- 
iodination of organic substances arc rarely found in the 
literature. The object of the present investigation is to 
.study, in details, Uic kinetics of photo-iodination of phenyl 
acetylene, •li-cyclopenta<lienc and (i amyleno in various 
frefjuencie.s, e,g., S lfi, 43h ami 360 fi/i in solvents of CCl^and 
Cjll,. Ill all the case.s the fo’lowing peculiarities were 
observed ; 

(1) The reaction is uiiimolccular with respect to iodine. 

(2) The uiii molecular velocity constant increases with 
increasing concentration of iodine so long as the 
absorption is not com])lete. When the absorption is 
complete, further increase in iodine concentration 
diminishes the velocity constant. 

(3) The velocity constant increases with increasing con- 
cenlrat on of the accirptor molecules. 

In fact the reciprocal of velocity constant plotted 
against the reciprocal of concentration gives straight linc.s. 

(4) Tlie temperature coellicient is almost unity. 

(5) The velocity constant is ])roportional to the square 
root of the intensity of radiation ahsorbed. 

(ft) The velocity constant inereascs for diminishing 
thickness of the reaction cell. 

(7) There is an eciuilihrium in ea.ses of di-cyclopcii- 
tatliciie and j] — amylene. The ccinilihrium constant 
was determined and was found to diminish with 
diiniiii.shiiig intensity. 

(8) The qiiantiiiii eflicioney is high. A chain mechanism 
is .suggested, Inirlher work is in progress in this 
line. 

Chemical Laboratory, J. C. Ohosh. 

The University, Dat^a. S. K. lUiattacharyyn. 

22. 6. 37 


Synthesis in Hydro-aromatic Series. Phenanthrene 
Derivatives with Angular Methyl Group 

The method laid down in the author's previous commn- 
nications' has been applied with success for the .synthesis 
of phenanthrene derivatives with an angular methyl group. 
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, -The lactone*, * (I), methyl hexa-hydro « couinaraiione, 
obtained by treating ethyl cydohcxanonc-2-acetate with 
methyl magnesium ioclide, was condensed with benzene in 
presence of aluminium chloride. 


r M 



CH. 

(I) 

The resulting compound, 2 plienyl’2 methyl cyclohexyl- 
1-acctic acid m. p. 11fi-119° (with previous shrinking) was 
treated with S59& sulphuric acid, when the ketone, lOketo, 
11 methyl 5 : h : r : S : ‘1 : 10 : 1 1 : 12 oclaliydro phenan- 
threne (II), the sciiiicarbazonc of which melts at 201-202*, 
was obtaiiicfl. 



(n) 

the scmicarbazone on treatment with sodium cthoxide 
g ve an oil* which was dehydrogenated with scicniiini to 
phenanthrene. 


CH 



Methyl cyclo-pentano lactone (III) b, p. 96-97 (3.5 m.m.), 
prepared from ethyl cyclopcntanonc-2 acetate by Orignard 
reaction wa.s condensed with benzene and 2-phcnyl-2-methyl 
cyclopentyl- 1 -acetic acid m. p. 85* (ethyl ester b. p. 
160-165/5 m. m.) was isoliited. 


My best thanks are due to Sir P. C. Uay for his kind 
encouragement in this investigation. 

Palit Laboratory, Ran.sjit ( '.liosh. 

University College of vSciencc, 

Calcutta. 

17. 7. 37. 

1. Ghosh, SciKNCK and Cm/ruuK, i, 22‘>, ; 3, 55, 1037 

2. Hraun .and Munch, Annalen, 40.% 52, 1928. 

3. Cf. Kon, J. C. S . , 1081, 1933. 


A new Synthesis of Caronic Acid 

This acid has been synthesized by Perkin and 'I'liorpe', 
Kotz*, Parmer and IngoM*, Kon and his coworkcrs\ and 
recently by Guha*. 


CH 3 

^.CH. COO C2H5 

CH,/ 

C 0 0 C1H5 


00 Ci Hs 


(I) 

The present i>aper describes another synthesis of caronic 
arid by the following method. 



.CM. 

COOH 

e.y 

H. 

C OOH 


( 11 ) 


lUhyl fifi dibromo PP dimethyl propionate* obtained 
Uy. the addition of bromine to ethyl PP dimethyl acrylate, 
was allowed to react with ethyl malonate in presence of sodi- 
um ethoxideand ethyl 2, 2 dimethyl, 1, 1, V cyclopro])anotri- 
carboxylate(l) b. p. M2*-146®/5 m.m., 153®/9 m. m. was isola- 
ted. The ester on hydrolysis with alcoholic potash gave 2, 2 
flimethyl cyclopropane 1, 1, T, tricarboxylic acid which on 
decarboxylation gave caronic acids (cis and trans) (II). 


CHj . 
CM, 




c H. C OOH 


iiin 

The hydrolysis of the ester (1) with hydrochloric acid took 
a different course and the lactonic acid, terebic acid (111) 
resulted from it with elimination of carbon dioxide and 
fission of the cyclopropane ring. Terebic acid (III) was 
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also of)tained by boiling caronic acids with concentrated 
hydrochloric acid. 

My sincere thanks are due to Sir P. C. Ray for his kind 
cncoiirageiiieiit in this investigation. 

Palit Laboratory, Ranajit Ghosh. 

University College of Science, 

Calrutta. 
ir. 7. .17 

Rkpkrkncks. 

1. Perkin an«l Thorpe, J. C. S., 75, 48. 

2. Kot/, .A Pr. Chem., (2), 75, SOI, 1907, 

3. I-'aniicr and Ingold, J. C. S., 1362, 1920. 

4. Kon and his co workers, J. C. S., 1316, 1921. 

5. (ill ha. Current Science, 5, 388, 1937. 

6. Prentice, Annalen, 29^! 273. 

Ob the lo-called Xoulsonite* 

In the P'cbriiary issue of the Trane. Mining & Geol. 
Inst, of India, 1937, Dr Dunn and Dr Dey have published 
a paper in which they have describe<l the <liscovery of a 
mineral allied to magnetite but containing a relatively high 
(piantity of vanadium which they have named “coulsonite.” 
This discovery was announe^jd last year in newspapers also. 

That vanadium is pre.sent in Indian ilmenite<magnetite 
in quantities (nearly ,'96V) far greater than that found 
elsewhere in the world wms first observed by me and iiiy 
pupil, Mr N. Ray. Mr Ray read a paper on the same 
.subject in the Indian Science Congress (Chemical Section) 
in January 1932 (Vide Proc. Indian Science Congress, 1932. 
p. 212). 

Dr Dunn cursorily mentions the name of N. Ray in the 
introduction of his paper on vanadium bearing titani> 
ferrous iron, ore (Trans. Mining <6 Geol. Inst, of India. 
February, 1937) as follows ;— “In 1933, the Oriental Export 
and Import Company sent some specimens from Dublabera 
to the Geological Survey with the information that they 
contained vanadium. The presence of vanadium had been 
detected in the .ore by N. Ray whilst analysing material 
submitted to the University College of Science.” 

It should be stated that it was not a question of simple 
detection or the analysis of one or two samples but a series 


of investigations were carried out in 1931 on over 30 
samples in which the ViO* content varied from 0‘5 to 8*8%. 
Further, the excavations in Dublabera region were made 
according to my suggestion by the Oriental Export and 
Import Company. 

That due recogifition for this discovery was apparently 
not given to us in the original paper is borne out by the 
<iuery made by Dr Percival of the Tatas at the end of the 
diseu.ssion as to who was the first to find fairly large 
quantities of vanadium in Indian ilmenite-magnetite. 
Dr Percival asked who was the person who was *‘hiding 
his light under the btisher. , i 

This finally elicited the answer from Dr Dey that a 
paper on the subject by N. Ray had appeared in the Proceed- 
inga of Indian Science Congres.s, 1932. 

It was long afterwards that Dr Dunn delected vanadium 
and ill the niicrocheinical test used by him he says he u.sed 
“aniline dye” by which he apparently means aniline which 
is, of course, quite different from aniline dye.” 

Dr Dunn and Dr Dey con.sider the vanadium-bearing 
magnetite to be a new mineral. There is no convincing 
evidence in their paper for this view. Mr N, N. Chatterjee’s 
comments on this subject are very cogent and they have 
not been at all satisfactorily answered. Ilnienite is now 
universally accepted as a solid solution of FeO, TiO, and 
Fe,0,. Isometric magnetites containing as high as 16% TiO, 
were observed by Cordicr. Pope (Trans. Amer, Inst. 
Mining Eng, 1899) observed that magnetite occurring in 
the gabbro differs from others in being titaniferrous and in 
containing small amounts of V (from 0.23 up to 0'63% V,0,). 
The so-called titanoniagnetite is a mechanical mixture of 
ilnienite and magnetite. Ilnienite and magnetite can 
form solid .solution wdthin a limited range. The microgra- 
phtc study of Dr Dunn shows only that vanadium is not 
uniformly distributed in the body of the mineral. From the 
high-])Ower microscopic study alone, the possibility 'of the 
mineral being an eutectic mixture of ilnienite and magne- 
tite is not excluded. For this reason to treat the vanadifer- 
rous magnetite as a new mineral and to call it “coiilsoiiite" 
i.s, to say the least, premature. We ourselves did not call it 
a new mineral and l.n our opinion it should be provisionally 
called “vanado-magnetite” until more convincing charac- 
terization of it as a new mineral is forthcoming. This would 
be more scientific in the present state of our knowledge. 

Chemistry Department, P. B. Sarkar. 

University College of Science, 

Calcutta. 

23. 7. 37 
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Obituary 


DR ALFRED ADLER 

It is with a deep sense of sorrow that we ])laeo on 
record the sudden arid unexpected demise of the 
distinguished psychologist, T)r Alfred Adler, wiiieh 
event took place at Aberdeen on May 28, 11)117. By 
his death the psychological world luis lost one of its 
active and enthusiastic workers. 



Dr Alfred Adler. 


Dr .\dler was born at Vienna on Kebrnary 7, 
1870. He qualified himself as a physician. When 
he began practice, he was drawn towards the new 
method of treatment of neurosis and became a 
follower of Prof. Sigmund Freud, the eminent p.sy- 
choanalyst of Vienna. lie was, however, not wholly 
satisfied with Freud’s methods. Endowed with a 
keen analytic mind, he soon diverged fi-orii his 
muster’s method and founded a separate school of 
psychology known as ‘Individual Psychology’. 

Dr Adler made valuable and voluminous contri- 
butions to psychology. In 11)07, ho publi.shcd his 


Shtfitc miter Mimlerwertigkeif rntt Oiyamn. In 
1012, he published his work, The Nenmtir 
Iftlioit* in which he laid down that the organic 
defect was the raison d^etre of the sense of inf(‘ri(»ri- 
ty which gave rise to ‘masculine imitost’ and tliis in 
turn produced the neurotic constitution. Therefore 
the ncnrotic constitution could only be uiKhustnod by 
unearthing the effort that the individual unconscious- 
ly makes to compensate for his organic dedect. Jn 
1027, ho piiblisln^d his principal work, Pnt.ris tnal 
Thcnrie tier ItnliritliinlpsijrltohHtic (Piacdiee and 
'riu'ory of Individual Psychology). Jn 1028, at the 
W’^itlc^nberg Syinposimn, he discussed ‘hVelings and 
Emotions from the Standpoint of Individual Psy- 
chology’. lie suggested that the feeling of inferio- 
rity, known throiightont the world as th(‘ Inferiority 
(’omplex’, was the most important factor in an indi- 
vidual’s mental constitution, '^fhis feeling and the 
social feeling are conneefed with and belong to the 
life plan with whi(di both must be in harnamy. “If 
we jrdge a feeling separated from othcT t'xpressioiis 
and the style of life, we recognize only the physio- 
logical factors. For a psych(>logieal iimha'statidiiig 
we innst know the goal towards which the feelings 
run.” 

Dr Adler was the Pndcssor of Medical Psycholo- 
gy, Long Island College of Medicine. Tie was an 
Honorary Member of the liOningrad Scientific Med- 
ical Society, lie was also the editor of latenmlwn- 
ah Zeitschrift fmr Indiviilaalpsychologie. He was 
an erudite scholar and had a genuine enthusiasm for 
teaching. Just before his death he was (jailed upon 
to deliver a course of lectures in different parts of 
Grcmt Britain and America. It was arranged by the 
Alfred Adler Lecture and Vacation Course 1937 
Committee of which Mrs Basil Hoaro was the 
chairman and Sir Alfred Beit, Bart., M.P., the viiMv 
chairmaii. We print below the programme whicdi 
gives an idea of the value and popularity that are 
attached to his theory. 


123 


Vol. III. No. 3 
AVGUST 1937 



OBITUARY 


24th May- 28th May — Course of 5 lectures on Psyclio- 
patliolo^jy at the University of 
Ahenleen. 


1st June — Public Lecture at Rowntress, York. 

2n(l June — Address to Diocesan Clergy at York. 

3rd June - Public I^ecturc at Municipal Traiu- 

ing College, Hull. 

4th June-Oth June — I,ectures at Manche.ster. 

10th JuiiC'K)lh June — Lectures in London for various 
societies 

1 7th June — Public Lecture in London on “Soci- 

al Interest: A Challenge to Man- 
kind,”. 


51st June 2nd July 
fith July- 1 7th July 

1 rth July -3 1 st July 
2iid August 

1th August 
15th August 


— Lecture Course at PMinburgh 

-- Vacation Course (14 lectures) at the 
University Hall, Liverpool. 

— Vacation Course at Kxeter. 

— Lecture: City of London Vacation 
Course in Ivdiication 

Prof. Adler .sails for New York. 

— Coinnicncenient of Vacation Coufse 
at llcrkeley, California, U. S. A. 


Hilt tlio I'rniiicr of tlio prognumiic did not know 
that lio was not, do.stiiiod to coin])l(*t(* the tn.sk which 
1)0 had so glut lly jicceptod. Oil May 28, 1937, in 
th(* midst of liis activitii'S, dentil .snntehed him away. 

Aifnlliiiath Dntta, 


DR SHYAMADAS MUKHOPADHYAYA 

Vjy the death of Sliyanindas I\[iikhopndhyaya the 
world of science hn.s lost one of its ontstonding 
])erson!ilities. To Rcngnl in particular the loss is 
irreparable, .since he was the ])ioneer of mathematical 
.stndie.s in modern Bengal. 

Born at llaripal in Ifooghly District on the 22nd 
June ISbO, he gradnaled from the Ifooghly College 
and took his M.A. degree from tlie Presidency 
College, Calcutta. He was the first Pil.D. in Mathe- 
matics of the Calentta University. 

He started his eare(*r as a profe.ssor of mathe- 
matics at the Bangabasi (College, from whore he went 
to the Bellinne College and then to the Presidency 
Colh‘ge. h'inally wlien (he late Sir .'\.shutosh Miikher- 
jee built up the malhei latics department of the Cal- 


cutta University, ho was called upon to organize it, 
and was till retirement the professor of pure mathe- 
matics in the University of Calcutta. 

During his long car(*er, ext(*nding over more 
than forty year.‘<| it was his foremost consideration to 
inculcate among his students, by teaehiiig and ex- 
ample, the love of seionec, e.speeially of pure mathe- 
matics. A large measure of the credit for tlie 
development of mafcliematical .studies in modern Ben- 
gal goes to him. 



Dr Chyjniia«las Mukhopadbyaya. 

His pioneering work on the geometry of convex 
curves lias since raised him to iiit(U*natioiial fame, but 
his earliest paper on the subject passc*d unnoticed 
because his ideas wen^ in advance of the times. He 
was interested in tin; subjeu^t before others had 
.seriously taken it u]). 

It would bo difficult in a brief compass to give 
an adequate idea of his mathematical works, but 1 
imi.st attempt the task, for without it any account of 
his life would be hopelessly incomplete. 


124 


SCIENCE ft 
CULTURE 



OBITUARY 


In the sc'ri’es of pnpei’s relatin^r to the j^eoinetrv of 
convex curves (1 to 1 1.)* a leadintr i(h;a runs throujirli 
liifi work, that every differential property aris(>s 
from some Keoinetrical property actually holding in 
the finite domain. Thus a eyelie point on a curve 
is defined as a point, in every arbitrary neij^libour- 
hood of whi<;h we can actually find four real distinct 
points lyin»r on a circle. His proof of the now 
famous theorem that every oval has at least Ibui* cy- 
clic points (2) consists in showing that on <‘vcry oval 
there are at least four points such that by suitably 
varying a circle intersecting the oval in at h‘ast four 
points, four of the intersections can be brought in the 
neighbourhood of one of these points. A similar 
[)roof is given for the theonan on the minimum 
number of sextactie points on th(‘ oval (2). These 
theorems were later rediscovered in Knrnp(*, andhavt^ 
received various proofs at the hands (»f eminent 
mathematicianslu tor/), but Mukliopadhyayjds proofs 
taken in the cxtemhal and rigori/.ed form given later 
(8) go to the root of the matter, and at every step 
bring out the inner reason why particular results 
should hold. Th(‘ demonstration of Trauseou s theo- 
rem by the use of the idea of partial (Mirvatiire (I), the 
various el(‘garit properties on non-cyelic and iioii- 
sc'xtaetic arcs (2), the pro[ierties coune<'ting cyclic 
points and normals (2), and especially the highly 
general results on admissible curves of index n (cS), :i)l 
testify to the power of Miikhopadhyaya’s mathe- 
matical ideas. 

Tn this connection must also be mentioned the 
papers wherein convex curves not posso'^sing a 
unique circle of curvature or an osculating conic, at 
some or all points, are studied (o, 0). Ills novel and 
powerful technique, apart from his immi'diate stu- 
dents like the present 'author (e), is now being 
seriously taken up in Knrope (/>/) and it is the aii- 
(hor^s belief that a vast number of highly important 
results not readily atbiinable iu any edher way re- 
main to be discovered through the use of his concepts 
and methods. lOspecially important is the extension 
of his ideas to the geometry of convex surfaces. 

* The nuinbera in the brackets refer to the bibliography 
at the end of this sketch. 
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Little is known of the “im grbsseir' i>roperli(‘S of these 
surfaces, in relation ro the syst(‘m of s|)her(‘s and the 
system of (jiiadries. Only certain tentatiw* sngges- 
tioiLs have been advanec'd by Profevssor nhis<*lik(‘. 
r gathered in eonversations with Muklicpadhyaya, 
that it was his intention to make tliis extensinn 
himself, ami his paperon ‘(Velie curves on KIlipsoids 
(12) was intended to be a feeler in this direction. 
The cruel hand of death has <nat<*hcd him away 
fr»)m us, and it bcliov(*s th(>>(‘ who have <lrawn 
inspiration fixim his work to <-arry it forwanl. 

AnotluT important series of papers due to 
.Miikhojjadhyaya tr(‘at of the ditlerential geometry 
ol curves. Kn>m his »‘arli(‘r studies cm the dilleren- 
tial gconu'try ol curves, cspcM-ially with refercm*e 
to osculating conics ( 1.2, M and lo ), In* arrived at 
the uica “Parametric ( ‘octliciciits.” It tlrst 
received explicit application in his paper / Hi ) 
‘Intrinsic I*aramct(‘rs in the Dillcrcntial (icometry 
ol (^ll•vcs in iV-spacc^ for wliicli he was awarded 
lh(^ (IrilVith Memorial Pri/.(‘ for tin* year liHO, 
A scries of six i>owcrl*nI papers followed ( 17 to 22 ), 
in which the prop(‘rtics of Parametric cocnicicnts 
were systimiatically d(‘V(‘lopcd, with aiiplicalions 
to th(*orv ol cnrv(‘s of multiple-curvature in hyper- 
space. It will bo intensling to note that many of 
tin* <*ocllicienls df‘Vclop(‘d by him occur mitnrally in 
alline and otlM*r g(‘ometri(‘s, and thus possess a 
higher tlegrce of invariance than postulated by him. 
The precise connection ()f his theories with these 
geometries however n‘mains t«) be work(‘d nut. 
Ifis methods and ideas also await (*xteMsit)u to the 
geouK'try of surfaces ( inqua’-surfaces ) of two or 
more dimensions immerseil iu a space of 
dimerisiiins. 

Afukhopadhyiiya was an elegant synthetic 
geometer, and this gift found a powerful expres- 
sion in his works on non-Lnclklean geometry. 
Specially important was the discovery of the five 
right-angled pentagon ( 24 ) associated with tlie 
Kngcl-Lobatsehewsky set of 5 right-angled triangles, 
and 5 tri-rect-angular quadrilaterals. This figure 
completes the system of associated figures, and 
gives the physical basis of the Kngel-Napier rules 
of hyperbolic Ti’igonometry. His other researches in 
uon-Kiiclidcan geometry were concerned with the 
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<*xtc*i!sioij of tli(* ideas of eoiieurreiK'O and eollin- 
earity (21), 2.'), 2l»). (Vrtain notes of his on :i device 
for visnalizin^J: fonr-diinensional limiros are also 
liisldy interestinji ( 2S, 2!), 2)0 ). 

Ihit. ]\Inklio|>adliyaya was great not only as a 
researcher. As a professor lu' was highly appreciated 
by his students, for lie always went to the core of 
things, and saw to it that his students should have a 
clear and firm grasp of the essentiids. He was a man 
of extnMiiely simple habits, and was full of the 
milk of human kindness. In his earlier years he 
was an all-round sportsman, and liad a place in his 
college eleven, in cricket and football. He was an 
expert amateur photograiiher, and was fond of 
shooting as a pleasure and exercise, [jateron he took 
to rose culture as a hobby, and his rose garden at 
Mihijam is well known to every lover of roses. 

After retirement in ]i)32. Mukhopadhyaya went 
to Kurope, with the (those 'IVavelling Fellowship, to 
study nu'thods of education. Hu* also took this 
opijorlunity to expound his new geometrical ideas 
to many eminent lOuropean mathematicians and he* 
was called upon to le<*ture before many h*arned 
Kuropean societies. Returning to India afteT one 
year, he again settled down to work, and took up, 
as I have already mentioned, the diilerential geome*- 
try of surfaces, with a view to extending his 
techniciue and ideas to this field. In 19‘k’) he lo.st 
hi.s eldest daughter, and after this shock he 
gradually lost his health, and his illness took a 
serious turn from September last. Tie expired of 
heart failun* on the 8th ISIay 1927, leaving behind 
him his wife, two sons, a daughter and numerous 
friends and admirers to mourn his loss. Tt will 
be deeply felt by the scientific public of India, not 
only because he was one of the leading figures in 
the world of Indian .science and was a member of 
variou.s mathematical societies and the President 
of the Calcutta Mathematical Society, but also 
because a large number of leading Indian professors 
of mathematics, physics, and other scientific subjects, 
have been at some time or other his students, and 
have drawn inspiration from him. 


A. Worki of S. Mukhopadhyaya.'^ 

1. CfOcniietrical Theory of a Plane Non-C>'i'.lic .*\rc, finite as 
well as infinitesimal. 

Journal, Asiatic Society of Bengal, New Series, 

Vol.[IV,1908. 

2. New iiictlioils in the ('.coiiiclry of a Plane Arc-I. Cyclic 
and Sextactic Points. 

Bulletin, Cal Math Soc, Vol. 1, 1909. 

3. New Methods in the Oocmetry of a Plane Arc-I I. Cyclic 
Points and Normals. 

Bulletin, Cal Math. Soc. Vol. X, 1919. 

*1. (»enesis of an Klein entary Arc. 

Bulletin, Cal. Math. vSoci. Vol. XVI T, 19i?6. 

5. ('fenerali/ed form of Bohmer’s Theorem for an Kllipti- 
cally Curled Non-Analytir. Oval. 

Commnnirated A/athematische Zextechrift Band 
30, 1929, p. p. .560-571. August, 1928. 

0. Some Oeneral Theorems in the Oometry of a IMane 
Curve. Sir Anutoah Mookerjee Silver Jubilee Volume*, 
II, 1922 Calcutta University Piihlication. 

7. Note on T. Ilayashi's p.iper on the o.sculating Kllipses 
of a Plane Curve. 

Circolo Matemutico di Palermo, Tomo IJ, 1927. 

8. Kxtonded Minimum Niimhcr Theorems of Cyclic and 
Sextactic Points on a Pl.iiie Convex Oval. 

Mathvmalieche Zeitechrift, Band 33, 1931, p. p 
648-662. Communicated 8th October, 1929. 

9. Circles Incident on an Oval of undefined Curvature, 
Tohoku Journal of Mathematics, Vol. 34, 1931, Com- 
municated September 15, 1930. 

10. Oemattic extensions of elementary chains. 

Tohoku Mathematical Journal, Vol. 38, 1933. 

1 1. bower Segments of M- Curves. 

Journal of the Indian Mathematical Society, 
Vol. XIX (1931) 

12. Cyclic Curves on an Pdlipsoid. 

Journal of the Indian Mathematical Society, 
Vol. XIX (1932). 

13. A Oeneral Theory of Osculating Conics-I. 

Journal, Asiatic Society of Bengal, New Series, 

Vol. IV, 1908 

14. A Oeneral Theory of Osculating Conics-I I. 

Journal Asiatic Society of Bengal, New Series 

Vol. IV, 1908. 

1 5. On Rates of Variation of the Osculating Conic. 

Bulletin, Cal. Math. Soc. Vol. 1, 1909. 

* “Collected Geometrical Papers of Shyamadas Mukho- 
padhyaya” parts I and II, Calcutta University Press, contain 
all the papers mentioned in this bibliography, with the 
exception of the papers no (10) (II), (12) and (27), 
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1b. Intrinsic Parameters in the Differential Geometry of 
Curves in an N spacc. 

Griffiths Memorial Prize KsSay, 1910. Calcutta Dniversity 
Publication. 

17. Parametric Coefficients in the Differential (iconietry, of 
Curves in an ^-space. I. General Conceptions. 

Bulletin, Cal. Math. Soc. Vol. 1, 1901. 

18. Parametric Coefficients in the Difforential Geometry, of 
Curves in an N-Space. II. P^xten.sion of Serret Frenet 
Formulae to Curves in an N-dimensional Space. 

Bulletin, Cal. Math. Soc. Vol. I, 1909 

19. Parametric Coefficients in the Differential Geonietr)', of 
Curves in an iV-Space. III. Fundamental I'onntilae. 

Bulletin, Cal. Math. Soc. Vol. II, 1910 

20. Parametric Coefficients in the Differential Geometry, of 
Curves in an N-Spacc. IV. Expression of the Co-ordina* 
tes of a point on a curve in an Space as power .series 
in a. 

Bulletin, Cal. Math. Soc. Vol. Ill, 1911. 

21. Parametric Coefficients in the Differential (ieoinetrv of 
curves in an N-Space. V. Principal Directions an<l 
Curvatures at a Singular Point of a Curve in an AT-SpJice. 

Bulletin, Cal. Math. Soc. Vol. V, 1913. 

22. Paratnelric Coefficients in the Differential (teoinetry, of 
Curves in an JV-Sjuice. Vi. On Nul Parametric Coefficients 
and Osculating vSphcrics to a Curve in an N Spacc. 

Bulletin, Cal Math. Soc. Vol. VIM, 1915. 

23. Generalizations of certain Theorems in the Hyperbolic 
Geometry of the Triangle. 

Bulletin, Cal. Math. Soc. Vol. XII, 1920. 

21. Geometrical Inve.stigntiou.s *)n the correspoiulenccs 
between a Kight-Angled Triangle, a Three-Right AiigU-jl 
(Juadrilateral ami a Rectangular Pentagon in Hyperlio- 
lic Geometry. 

Bulletin, Cal. Math. Soc. Vol. XIII, 1922. 


25. Cicneral Theorem of Co-intimacy of Symmetries of a 
Hyperbolic Triad. 

Bulletin, Cal. Math. Soc. XVII, 192fi. 

2b. Triadic Equations in Hyperbolic ('icometry. 

Bulletin, Cal. Math. Soc. Vol. XVHT, 1927. 

27. An ICxposition of the Axioms of Order of Hilbert 

Indian Phyaico- Mathematical Journal. Vol. Ill, 1932. 

28. A Note on the Stereo.seopic Repre.sentation of Four 
Dimensional Space. 

Bulletin, Cal. Math. vSoc. Vol, IV, 1912, 

29 . Reply to Professor Rr 3 'an’s Criticism. 

Bulletin, Cal. Math. Soc. Vol. VI, 1914. 

30. A Note on Current View of Operations through the 
I'ourth Dimensions. 

Bulletin, ChI. Math. Soc. Vol. IX, 1917. 
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(1916) p. 160-161 ; Vorlesungvd i)ber Differen- 
tial Cieometrie, Vol. II, p. 43. 
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37, (1914) p. 267-268. 
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Needs of Indian Archaeology 


I.\ SriKNri-: .\.\i> 

attnition tn IIh* sliilc ol' oilirial 

ari'liMcnldjxy in India. Indcrd a rcvcisal of tin* 
prnM'iit, stall* (d alVairs is siwli a pri'ssiinj; lUM'd tlial. 
we may bark t«) tin* snl)i<'ct niicc more. In onr 
pi*rvi(»ns issues wa* <»l'trn had nr<*asi<»n to rinphasi/c 
onr belief that a systcinatir exploration of .selected 
site's in India is sure to bniijL: to lijrlit many nn.siis- 
peeled phases of the pre-history and proto-history 
of India, and may nltimat<*ly residt in the eliseovery 
■of tlnMnissinji: liidvs Ix'txvee'ii r. ,'{0tM) n.c., the ela^' 
of Mohenjo-elaro and Tlarappa, and !»t)t) ne'.. the 
dat(* of the Maiiryan haiipin*. This period of Indi:ni 
history is at j)re.sent ve*ry imp<*rb*<*lly known li’om 
incidental r(‘ferem’es |)reserved in tin* Ve-das, tin* 
I ' panishad.s, and the I*]j»i«*s. Ihit these* reler(*nees, 
be*in«jj me)stly orally transmitte'd or i'e*e*e)reh*el nnn*li 
late'i* than tin* actual happe*nin^^, an* ofte-n vajjin*, 
pnzzIinjT, and mutually eamtraelie'tory. ^ e*t this 
pe*rie)el witin'ssed the ele*vch»pme‘nt of such sex'ial 
inst.itiitiems as are! charae*te*ristie*. ol India e*ve'n at 
t)ie.* ])rcse*nt time*, /•/•.., those ot e*asle', Asranfs (suit- 
able eu'cnpatieui of man at dillerent e*poe*hs ed lib* 
and of the aseelie* ide*al); e»f the peilitie-al institutiems 
of kin^sliip and (iove*rnme'nl ; of such e*haracte*ristic 
Hindu pliile)se)phie*al ele)e*trine*s anel e*once*i)l.s as trans- 
niiy^ration of .soul, the tluMiry of hunntfy of Mtnja 
(Illusion), and Aluldi (EmaneipaLion), theory of the 
Bivhmnn (the I’niversal Soul), and the Atmfm (the 


lndi\ielual Sold). < )ne* woiilel naturally like- to know 
what, was the* sue'ce.ssinii of e'venis which h-el the* 
Ineliaii savants tei eh'vi^e* syste'ins for e‘lhnie*al e’emti’ed 
ed‘ mankinel whie-h was so raelieally elil]cre*nt from 
the* Se*milie* thi'ories ed’ e*re:ilion, of tin* OiT^inal Sin 
e)f man, the* eheet rim* ed’ the elivine*ly appoiide*el Saviemr 
or Tropin*!, anel of the* J)ay ed’ Last dud)^ine*nt. 
One* W'Hilel naturally like* to know why the* Inelian 
minel. having!: ve*ry e*arly slnewn •’•re*at oriuinality and 
j;re‘at e eile'rprise* in me*e*hanie*al inv(*nliiins (witne*ss, 
leer example, the* e*a«*ly inve ntiem of potte*r’s whe*e*l, 
e>f e*eetlem we*avinL!:, e)f suiiar makiinj:, demie*stii*ation 
ed wilel animals anel the* e*arly preitji:re*ss maeh* in 
me*tallnr‘ry anel ;ij’e*hite*e*lure‘) late*r Ix'e'aine* ri^^iel anel 
ste*re*e>lN pe‘<l and showe*d a te‘nde*ne*y eif re*mainlnLr slave 
te) traelitiems. Only mate*rial ri*mains eef tin* p<*rioel 
be‘twe*e*n oOOt) n.e’. anel DOO n e'., whe-n brouy;ht le) 
lijilit, prope*rly e*.\amine*el anel analy.se*d, e*an }j;ive us 
ri»:ht answ'e*rs tei this (|ue*.stinn. 

d"ln* eiue-stiem arise*s xvln*lh(*r any mate*rial re*niains 
e)f this periexi do e.xist. d'he* labemrs of the* .\rcha(*e)- 
le)y:ie*al Surve*y e)f India, prior te» liHh”), were* lar«jje*ly 
dire*e*te*d tei • the* e*.\e*avatie)U eif .site*s like* Rajerir, 
Sarnath, Kasia, Sravasti, etc., ceume*e*te*d with inei- 
de*nts in Riiddha’s life* ; site's like* d'axila, Te*shawar, 
xvln*re* Indian Oivilizatiem was admitte>elly infhu'nee'd 
by (ireek contact ; or of sites like* Nahinda whie'li 
w as of |)ost“Buddhistie; growth. This attitude was 
largely dm* to the*, false be'lief that Inelian (.'iviliza- 
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lion was mainly tli(‘ cliiM (Jrnok Civilization. 
Tlio discovery of MolaMijo-daro, once for all, laid the 
(Jr(‘ek jrliost iiiider earth. 

Now we know that there is no lack of import- 
ant sitcN that can llintw lij^ht on this p(*riod, and 
one of the ino>| iir;;ent ne(‘ds of Indian archat'olojjy 
at tlu‘ jii'eseiil moment is the maj^pint* of pr(*-hist(u-ic 
sites, '.riie wmk done by Mr N (1. Majinndar in 
Sind, by Sir .Vinci Sti'in in Malnchistan and Central 
Asia and I'Jastern Iran is only a b’action of what 
remains yet to be dom*. In Sind itself, whi<‘h (‘xplo- 
rations have revealed to hav(‘ been the home of mon‘ 
than one pr(‘-historic <*nllnre, larj!:(‘ tracts of lands 
lay beymid (he purview of Mr Majiimdar^s survey, 
and it is a matter of utmost regret that the work .•n<» 
well bei»nn ami .so rich In it.s re-.iilts, in spito cf its 
limitat ion.s, should have bt‘cn <-alloii.'^ly left iiieoniph‘t(‘ 

on tlu‘ plea of iiiade(|iiatc finids. It can b(‘ h‘<»i(i- 
matcly hoped that Sind will thi'ow innch additional 
lijrht on the ever-increasinu; ma^-s of evidema* relatinu; 
to the intim.ate connei’tion Ix^twemi India ami lra(| 
and other coniitrii's in aneicnt times. It shoiiid not 
be supposed, however, that Avith (Ik* survey of Sind 
(he task Avill ))e <'omplete. Kathiawar yielded to 
Hrnce Knot many Stone-. Vjre artefacts, now housed 
in the ^ladras Museum. 'Po knoAV the rjicial and 
cultural allinities of the peoph* Avho fashioned ami 
used them, a mon* sy.^t.<*matic search in this n’jxioii 
is necessarv. Kathiawar also contains (liriiar, al- 
ready famous as the site of the most famous of 
A.sok(**s edicts, which has been identified by Dr 
N. K. Hhatta.sali as tin* (’ity of Dwaravati, ilescribed 
in the Mahahfidnttd as the city <if Krishna. Who 
knows that a futun* Schliemann may not, in future, 
turn out with his spade material remains of one t»f 
am'ient India’s most romantic names ? The same 
remark applies to the (’entral IVovincr*s, the Decran 
and the Kar South, for meiv'ly (In* n*f)orts of the 
occasional discov(*rics of mc'.jalithic dolmens and 
UK'iibirs and of hierojrlyphic* marks on burial urns 
cjin no lonjrer satisfy the impiisitive anticiiiarian. 
In the Punjab, I laiappa itself is a siillicient proof 
of the e.xistence of rich prc*historic sites in that pro- 
vince. Put (W(*n Ilarapiia has ])een oidy partially 
cx<Mivate(l. The work there in connectiori with the 


cemetery aivia which wa.s started by Mr Vats remain** 
iiutinish(*d. The chal(*olithic finds as far cast as 
Kolta Nihanjir in the- Ambala district also shoAV tlui 
necessity of a survey in the Sutl(*j valley. Th<*re 
can be no reasonable doubt that the chalcolithic- 
culture had important stations in the interveninjj; 
ar(*a a.s w(!ll. Particularly noteworthy from the i>re- 
historic point of vi(*w is the Kurukshetra region, 
(he <*entre of later Vcdic culture and the reputed site 
of th(* Ilharat P)at(le. ,\s Mr U. l^(’handa pointed 
out in tiu* Mmlcrn IUd'icn\ there is Vcdic. evidence 
to show that here the Aryans first came into contact 
with tin* pr(*-Aryan, indigenous population of India. 
Hajputana .again n*mains untouched ; we must not 
forget that its climati<* conditions like that, of Sind 
might hav(* been more cong(‘nial in iirediistoric times 
than it is iioav, and from time to time, r(*port.s of 
sand-buri(‘d cities in Kajpiitana appear in the* press. 
'Pile e.xploratory .survey imi'*t be extended t<» the* 
rich plains of (he I’nited Provinees, in the heart of 
whi<*h, in (he disjriets id’ ( 'awnpore and Kt wah. a, 
l.arge number of <*opper implements wi’re discovered.. 
'Phelhiited PiMvinees contain tin* famous site of 
I la-'limipur, capital of tin* Kurus, ceh*brat<*d in tin* 
V<*d.*is. the h]pics and in Ihiddhislie religious .s<*rip- 
tuH's. It Is represented by a series of mounds in a 
village* <*alh‘d llatth-.inapur in the Me(*rut district. It 
(‘ontains the remains of Ayodhya, capital of the 
Ikshvjdvus who figure in the Kpics as well in Jain 
and Buddhistic literatures as one of the leading 
ruling dynasties (*f India before the* rise of the 
Mauryan Kmpin*. It also contains Kau.sambi, now 
repre.-'cntcd by (Ik* village* Kosam in the* Allahabad 
distrie't, which according to Puranic tnidition 
beeaiim* a very important politie'al centre soon after 
the Nlahabharata War ( c. P.?00 u.(’. ); it is said 
that the descendants of t’ne Pandavas moved there 
after the erosij>n of 1 lastiuaiiur by the (lange.s and 
ruh*d till about loO u.c. The mounds which e.\tciid 
over a vast a re ‘a may ?‘e*v(*al remarkahle p?-(?-hi.ste)ric 
antiejuitie's in its lowe*r le*ve*ls. Ne'ar Allahabad, 
thewe arc large* meuinds at. Piiita where partial exca- 
vatiems were* e*arricd emt by the* Archacejiogical 
De'partment some thirty ye*ars ago, and antiquities 
were! obtaine*el which, a(*(*ording to Marshall, carry 
us back to 1200 B.(’. Ihit of the vast inouiuls, only 
a small frae'tiein has so far been explored. Still 


SCIENCE 
0 U L T U K E 


130 



NEEDS OF INDIAN ARCHAEOLOGY 

fartlior ojist, nt a site* iioar Hiixar, Dr A. Hiuu*rji- 
Sjistri nnonrtliod from ji dcptli of oO ft torracotta 
flffiiros of men and women wliieli ?*eveal ( -refan 
.simiiarif ies. All tliese sites wlien |)ro|H‘rly excava- 
ted will throw lijrht on the most iiiteresfinjr ])eriod 
of Indian history. 

I 

Need for Foreign Co-operation 

It is well known that projrnvss of arehaeolojrical 
knowledjre owes a {Treat deal to private ent(*rprisc, 
and the res^Hmse which such inimcerinjr W(uk is ahh* 
to evoke in the minds of the ])hilanthropically dis- 
])osed rich imui. 'fhe best example of private 
enterprise is allordcil l>y the story (»f II. Sclilicm.ami 
who, lin'd by a livc'iy imairlnat ion, set out to dis- 
cover M'roy and Mveinaf* and succc<'dcd in n'vcalifie: 
to an astonisin'd world that thcs(* <Mlics were not 
creations of |»octic fancy, but had actually c\i.st<‘d. 
'riu'sc disi'ovcrics prov<al that stories preserved in 
tiu' <»ld classics were not mere h'lTr'nds, but were based 
on rf'inr'mbranccs of actual occiirrcma's. Similarly 
the !irchacolo!Tisf ’s spade in Iv^ypt, Syri.a, Palestine, 
and Ira(| has prov(’d that many stories reem- led in 
the Ibblc wen' basj'd (*n aidind <»ccurrcnces, thouirh 
the discoveries have shown that the r(‘al story was 
riclu'r, more varie'jratcd, Jind nmre' instructiv<*. 

^rhe tinancial siijipori from private parties (like 
the rniversity of Pennsylvania W'ho in co-operat i»»n 
with tin* llritish Museum ])rovided funds for ex- 
cavation of I’r <d' the' (dialdees under Sir Iv. 
Wooley), which has made excavations in tin* 
Xear Kast possible, is larjrely due to the appeal 
which the stories in ilie Hibh* Inive for tlie. Western 
mind. The Indian traditions, as preserveel in the 
Vedas, the Epics, atid the Ihiddhist and Jaina 
Scriptures have not been abl<« to mak(* that appeal 
either to the enthusiastic pioneer in the West, or 
t«) the millionaire with a surplus to dispose* of. 
Tnie, India, produced a ^ha;i^Yanlal Indraji, and 
and was able to attract a. James Prinsep to solve 
h(»r ei)i{Traphical puzzles. Hut thes(‘ early ellbrts 
and discoveries were larjrely ncjratived by the «>;row'- 


injT belief that prior to the Creek emitaet in IViO 
India had not iniu'h of ;i mat('rial <'iviii/:ition to 
boast of. iVow, as im'iitioned Ix'fore, ^ine** tin* 
Creek {jhost lias pei*manentlv bi'cn buried under 
earth, more respect should be paid to native Indian 
traditions which picture the irrowth of Indian 
Civilization a.s a continuous, indi{Tenons process 
{ToitiiT ba<*k to several millennia before Christ. 

Early Fndian thon{Tlit {rave to tin* world tin' lust 
{Treat wiirld-n'lijrioii -that of Ihnhlhism. It was 
the first human aftem|)r to brinir all humanity 
under a broad code of universal (‘thieal staiidai'd. 
Nothiu{T like this w’as known in the w’orld befon* 
and probably it was contact with Buddhism whieii 
eonv(*rted the narrow tribal relijrion of tin* »lews 
to flu* imivf'rsal r(‘li{Tion of Christ, modilicil how’cver, 
in its later d(‘velopments by the Koman eoneepi of 
usiuiT Christianity for worldwide jiolitical or{Tani- 
zation. It is dobalabh* in the liirlit of jiast history 
whether the Cliristian ilo<*lrine of ( )riiTinal Sin of 
mankind ami of the Day of Judgment or tin* 
Buddhi‘'tie doetrim* of Karma and Nirvana jirovide 
a bettr-r basis for (*lhieal standards, or in fuliirj' 
sonn* basis lik(* tin* materiali.'*tie eoneeptioiis of 
lile m:iy be found better for the ethi(*al control of 
mankind. We know' tin* st.ory of tin* erowth and 
(h'cline of Binidhism, but W(* have* tin* vaiTU(*.''t iileas 
about eiremnstanees h'adiiie* to its foundation. Will 
in»l the Europ(*an an’haeolojrieal pai’ties wJio have* 
so louiT tried to diir' out tin* ori{Tins of Christianity 
ill tin* N(*ar East try to (*xteiid tln*ir labours by 
tryiu{T to (ind out the orieius of Buddhism, by 
;ir<*ha»'olo{Tieal exea\at ions earri(*d on tin* Indian 
soil? To i:. u. \l. P. tliaiida it was h'ft to point 
out that tin* Moln*njo-daro li{Tur(*s prove* that Jainism 
is not a heretical child of Brahmanism, lint w’as in 
fact much old(*r than the latt(*r and is proliably 
of antoehthonous {rrowth. Tin* <*xea vat ions of tin* 
sit(‘s nn*nlioned will |)robably throw lierht as to 
wh;it (‘vents led ani*i(*iit Indians to favour a iihi- 
losophy of life* niark(*d with extreme form of absti- 
nenc(*, ascc*tieism, weariue.ss of the ])leasur(*s of the 
world, and ('volution of ethical standards based 
on lives of {rrc'at iin'ii rather than an all-p(iwe.rfu). 
Creator ? 
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Problems of River Physics and How 
They are Solved 

N. K. Bose 

Muthi'matical Od’icfr. lrri>Tation Ro'-fiarcli I.ahoratnry. r.nhoi-i!. 


In iiuKicrii knowlcdiXf* of sciciKv* is 

to ;ilinost :ill foniis of liinn;iii a<‘tiviiy. Riv(‘r 
lias foi-m<‘(l no (‘xci'ption to tin* riilo. 
lOvrii tlic anrionis foiind from (‘xpcrionrc tin* n(‘cos- 
sily of cotitfollin*!: and interferin'^ with the fr(‘e flow 
»>f riv(*rs. 'fhey had v<*ry often to fhmw l>rid}«;(‘s 
over rivers, <livert riv<*i’ wat(‘r, hy means of eanals, 
for irrijixatiou, ami (‘re<'t storaire hasins, and tlnw 
Imilt embanlvim-nts to keep out Hoods, "fhey of 
eonrse stood lu'lpless before a y:reat and spiM'taeular 
eastastroplu* eaiised by a riv(‘r, siieh as a j^reat 
destrnetive Hood, or erosion of banks eansin«: <les- 
tnietioii of prosperous cities and villa<;es, and ascrib- 
ed such ph<*n<nm*na to acts of (bid. 'fhev had 
])robably no idea of tin* sIow<‘r chan<res encct<‘d by 
ris'ers, especially in h»w lyinj^ deltaic rej^ions, lik(‘ 
ehanjrine; the level of tln‘ country, formation of 
swamps, and marslu's, ‘iivinu: rise to malaria and 
iithei’ eiiidemies. Hut evim from tlndr narrow raiij^e 
of activities, they obtained considerable kmmdedirc 
of the science (d’ hydraulics which formed the basis 
of the o-reater development ill onr knowledj^e of this 
science in n'ciait years. 

Th<‘ interlerence with rivers has increaseil in 
re<-enl times, th(‘ old problems are still present but 
nf‘W ones have been added. Tin* introduction of 
st(‘am locomotion has n(*cessitat(*d the constrn<*tion 
of lar^re number of bridge's of entirely new desijrii 
ov(*r rivers. It has been found that some of the 
rivers, if i)roperly harnessed, can supply electrical 
pow(‘r which is all-important for develojmient of 
indnstrii's and otln'i* human needs. It has further 
l)een found that in spite of the railway and the 
automobile, riveivs retain lh(‘ir importance for cheap 
and convenient transpo»*iati(m of ‘••(xkIs. The ]n'oper 


execution of all the cn^ineeriiiiy jirobh'ins connect(*d 
with rivers )*e(jnires a sound y;i‘asp of prineiph's of 
river physics. 

V(‘ry few jieoph', wh(*n they sec* a mii^hty riv(‘i‘ 
Howinj^ in Its maj(‘sti<* eonrse or hear of a deva. tat- 
in<!: Hood spreailinji- ruin and misery over a country- 
side, think (hat thc*re is a “physics” of riv(‘r Ho\v; 
very s(‘ldoni can (hey imaii'im* (hat such ruthless 
manifestation of nature i*an at all follow any laws 
of science. Ihit instane(*s are not unknown wln'ii 
slijrlit but p(‘rsistent obslrueliou to tin* course of a 
mijihly river has div(*rt<*d it from its destructive 
path wln*n the ap])arenlly hai'nil(*ss and insi^'niiieaiit 
cu( in the dead or almost dead arm (»f a river has 
sent it miles away from its pn*vious <*ours(*. These 
shew that (‘V(*n such apparently uin‘onlrollable 
t)henonn‘na of natun* follow tin* laws of cause* and 
eileet. It has been fouinl that tin* laws of rivc*r 
physics can bi* as e'tleetivfly studie*.! in a hdmratory 
as those* of s((*llar physics are now beinj; studied in 
a physicist’s laboratory. I shall now try to explain 
how this is (hnn*. 

How to Construct a River Model 

Suppose the problem that confronts a riv(*r 
(‘ny:iin*(*r is how and where* to throw a briely;e ae*ross 
such a mighty rive*r as the* (jan;i(*s. It is well known 
that the hi‘i:ln*st Hooil dise-harj^e* of the (lanj^es Ix'fore* 
it joins the Brahmaputra is about '2 million cubic f(*e»t 
of water pe?r second. The* eu;rin(*e*r finds from his 
le*vel survey and from considcral iem of oth(*r econo- 
mic* and commercial factors that the river must be 
bridged betwee*n a. ce*rta.in stre‘tch of, say, about ‘J(l 
miles. He refers the problem to a river physiedst 
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whom ho siipplios with nil tho I'ncts and lijjun's of 
th(‘ csiso, tells him wh:it are the ammal discdiarjjje 

eiirves of (lie riwr for that. sl?et<*h ov(‘r as loiijr a 
period as avaiiahle, sh(‘ws him what has heeii the 
course* of the* riv(‘r for the last ‘JO or .‘»0 y(‘ars aiiel 
jjives him similar oth(*r information. 'The physicist 
now starts to hnild a moelel <if the stre(<*h of the 

I 

river a<‘ross which the Inadj^c is t<» he* thrown, lie 
knows that he has j^ot aeeoinmodation in his laho- 
ratory t(> put. in a iimdel, say, U() feet lonj; and tH) 
feet wide. 'Flie stretch of the river that lu* has ti» 
model is JO miles or lOr*, 000 ft. so (hat he choo.ses 
a hori/ontal scale* 


s«> that, (he hori/ontal (lis(ain*(*s in the* riv<*r an* all 
i'(*dne(‘d in (In* ratio of l/lOOO in his mode*!. 

Ne>w, heew will he* ivelne'e* the* ve*r(ie*al elime*.i- 
sions e)f the* riv<‘r, Mn h as the* de*p(h ? 'I'he* ele*pth 
e»f wate*!* in such rive*rs jis the* (lanjj:e*s ve*ry e>fte*ii 
re‘ae*he*s such a hiuih value* as To en* 100 fe*e‘t. Ihit with 
the* se*ale* rati<» eif 1/1000 e)n the* ve'rlie*al plane* a 
(h'plh eif wate'r scare‘e*ly To 1000 IJ ine*he*s (say 1 
ine*h) will be* <ibtaine*el in the* nieidcl. 'This small 
d.epth will have* two disidvantaiie's : 

((/) Ib'yimhrs Nnml)e*r ((*xplaine*el l>e*le>w) * f 
the* me)ele*l rive*r-llow will be* very small se> that the* 
How will ne) lem^;e*r be* in the* tnrbnle*nt rci^iem as ill 
the* ae'tnal rive*r. 

(/d Ve*le)e*ity eif wate*r ill the* inoele*! will be sei 
shnv that nei silt in the* be*el eif the* nieiele*! rive*r will 
meive* anel the*re* will be* no e*han.u:e in the* rive*r 
e'enirsp. 

I must neiw explain the* two cemeept ions which 
have bee*n intre)dne*e*ei abeive*. One* is the* e*onne»e*(ie)n 
he*tw(*e*n tnrbnle*ne*e* anel lte*ynolers \nmbe*r, anel the* 
eitlie*!* is the* similarity of sill-move*nient in the* moele*! 
and the preiteitype. 

Reynold’s Number and Turbulence 

Preif. Osborne Re*yneilel while* dolnjr experime*nts 
on the lleiw eif Avater in ])ipes femnd that Avhe*n 
e’olemred dyes are inlreidnee*d in the fluid distiimt 
stre*ainlinc*s aiv ffirme*d flirein;rlie>nl the whole lenjjtli 


of the pipe* lint as t he* velocity <if How is im*re*ase‘el 
these stre*amline>s leio>e* eli*.! ine-t ne*ss anel Mieleh-nlv 
be*ce>me* elitlnse'el at a certain "tai^e- e»f the* tlow. This 
indie*ate*s that the* slre*am line* eir laminar tlow of 
wate*r in the* pijie' irive*s plae*e‘ tei tnrbnh*nt or irre-jiii- 
lar patte'rii e»f How al this point. 'I'his, he* foiniel, 
take's plae*e* at a ce*rtain value* of a nmnlie'r which 
has siime* the*n be'e-ome* well known as the* Rcynohrs 
Nnmbe'r 

// nl 
r 

whe-re* (I is the* eliame*(e'r eif the* jiipe*, r t he* av(*ra^i* 
ve‘loe*ity of jle»w in the* pipe* anel / Kine*malie* \ is- 
e-o^ity // •_> vise*osily eh*nsiiy. '|’he* e*ri(i<*al 
value* e)f foi- pipe* is j[r(*ne*rally taken as JlOO 

whe*re*as for ope'ii e*hanne*l it is about Tijri, 'The* 
alisoliite* maixnitmh* of (his ninnbe>r is not ti\e*el ; 
it elepr*nels on I he* '*oneli( inn at e'lifry tei (he* pipe* or 
e'hanne*!, Wliatcve-r may be* the* absolute* inaeinitiide* 
eif thi> I'ritieal nninbi-r it marks the* t raii'>lbrma(i<in 
Irom one* s(:im;c of tlow to anothe*r. freim the stre'am- 
line* sta'jfe* in whie*h the* iii|niel tlow is laminar tei the* 
tnrbnle*nt sta^e* in wlil'*h the* thiw is irn-milar. The* 
laws eif tliiiel me»ve*me*nl in (he*s(‘ t wo staiie's are* to- 
tally eliHe*re*nt se> that e*are* mii^t be* take*n ne)t (ei 
make* (he* nieieh*! se*ah*s .se> small a-' to re'elne*e* (he* 
Hnid move*me*nt tei a laminai* staL*e* whe*re*as in the* 
ae'tnal rive*r the* me>tie»n is e e*rtainly ve*ry nme*h tnr- 
bnh'iit. I'T-om e*x]ie*rin e*nts e)f Pnnnltl anel NiKn- 
raeKe* it is known that e*ve*n in the* tiirlnih'iit re*jj:iein 
lhe*re* are* trades eif lniblile*ne*e* se) (hat the* scale* 
e*nce*t, as the* e llcct is (e*e*hnie*al!y kimwii, eleie*s neit 
alteij^e-the*!* vani'^h ( ill a hi;i;h value* eif the* Re*yneihF.> 
Nnmbe*r is a(taiiie*el. Iv\pe*rime*nts have* >lniwn that, 
it is eif tile* eirder /i^ - lOO.DOt). 

Silt'Movemenl in Model and Prclolype 

The* eithe*r cenu*e*pt iem intreidne*e*d was the* similari- 
ty of silt-me)ve*nie*n( in the* meide*! and the* prototype. 
It is w(*ll kneiwn that the*re* is <*emsiele*rable* silt- 
me>v<*m(‘nt in rive*rs at all sta^ie's, sp(*cially in risinej 
anel faHini^ stage's. The* mode'l must be* able* tei re*- 
preidne*e* this. This is ae*hie*v(*el in various ways. 

If the physie'ist feilhiws some eif the* (lerman eir 
.\me*riean prae*tice he* will proce.*ed in the* feilhiwdnej: 
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w:iy. Ifo will ssnnpit* <»!’ hod-loud 

in;ilori:il IVnin tlio river :d the hx-nlity in (|uestinn 
wlioro (h(* \v:ilor Mirhioo s!o])e inny he 0.0001 (suy). 
'I’liis s.iinpio will ho pinood in tin* llnnu- to n doptli 
of :i lew inclios jif'tor wliioli (ho (hiino is (illod to .*i 

slopr' of ‘JO :.0001 or O.OOJ. 'rh(*n lie will run 
w:i(<‘r (►vor tlx* hod ni;il(*ri:il, koc'piny: tlx* w;it(T 
siirhioo slnp(* (M|n:il (<» the hod slope and will iii- 
oroM'io fix* (lopfh until inovonx*nl or'onrs. Suppose* 
that tlx* o:en(*ral inovoinent oeenrs at a depth of 
Of) ft. 'Phis indicates that the critical tractive 
for<'(‘ lor (his silt is a<*<*ordiny; to dn Hoy’s Ijaw 

^Fractive* fo?<*o If! 1). fi 

-- llj.r) X .no X .OOJ Ih. sq. ft 
O.OOJ n 11). s(j. ft, 

wlx'ro If weight of water per (Md):o fnot “ OJ.n Ih. 
/(--depth of wate'i* .o ft, aixl x slope OOJ. 

Ih* ix»w Finds lliat if lx* dex’S not <j:ivo the model 
a vertical scale dilleTcnt from tlx* hori/ontal, lx* 
shall have to jLlive* 10 It eh'pth of wate'r in his 
model which is not practicahic. So that ho dish)rts 
the model 10 tinx’s, that is, lx* mahes the vertical 
scale 1, loo and f»htains with 1 ft d(‘pth of wat<‘r 
in his model tlx* same tra<*t ive force* as is re*e|nire*d 
te) meive* (his silt. 

If lx* liixis (hat lx* cainxet have* e'lieeiijrli •'<ilt eif (he 
same size distrihiitie)n and trae*(ive* herce* as the 
sample* fremi tlx* h(‘d of tlx* river lie has to nse* any 
e»tlx‘r silt lex-ally availahle* ; first eif all he finds its 
critical tractive force anel jLrives tlx* mode*] apprei- 
priatc distortiem sei that snitahh* depth of water is 
re(|nir(*d te) nxne this silt. 

It is also desirable* tei kne)^Y at what staixe in (he 
tloexl e)f tlx* river j>;ene»?-al silt move*mcnt takes phx*e 
se) that it can also he* simulated in the nxxlel. Hut 
this is ne)t always peissihle. 

Fixing of Scale Ratios 

Tlx*re is am)the‘r school of river physicists who, 
inste-ad of iisin;^ dn Hoy’s J^aw eif tractive force, 
as>nme the varie)ns ve*le)cit.y formulae, em])irically 
known as Manning’s, Kntter’s, AVinkefs or Lacey’s, 
and ejfct the rcepiired K*ale distortion. If d he the 


vertii'al scale ratio and / the ix)rize)ntal scale ratio 
in a model then the folle)winj^ relation can he e>htain- 
ed he*(ween them : — 

d / ' ■"* from Manning’s Forimda. 

' from Kiitter’s hWmnla. 

//-/■'-' fre)m Winkel’s h'eirimila. 

// /*/■'’’" From Lae*eys Fe)rmnla. 

t 

All the.se relations jrive me)r<* or h*ss the same 
scalar distortion which with a silt slijxhtly liner or 
coarser than that of the river itsc*lf is found to y:ivo 
quite satisfactory result. 

Tims the physicist fixes tlx* vertical scale 

d 100/1 when 

/ 1000 / 1 . 

Ilavinjx thus lix(*d the scale ratio he ])ro(*(‘eds to 
hnild the model, (h-nerally the y:ronnd on which 
the model is to he* hnilt is jnadc* h‘v<*l to a certain 
depth on which a lay(‘r of (-lay and s;iiid is laid to a 
depth of 0 inches which corr(*sponds to oO f’(*ct of 
tlx* riv<*r. 'Fix* model is then hnilt on this so that 
the maximum (h‘|)th of possible scour does not reach 
h(*low this level. 'Fix* top layer which for this 
par(i<*nlar mod(‘l will lx* about 1 ft thick will lx* 
hnilt in i)nrf* .saixl that had been s(‘l(‘cl(‘d pr(‘vionsly 
from consid(‘ra(ions of fra<‘tivc for<*(* or scalar dis- 
tortion. It has been ff)iind th, 'x* slijrht admixture 
i)f clay, say 1 ]x*r c(‘nt, makes fii? mod(*l w'ork better. 
At places where due to dIstoi*tion the natural anjxle 
of repose of jinre sand is (‘xceed(*d a certain (piantity 
of clay has to he mixed to mak(* the hanks .stand np. 
This {ronerally slightly vitiates the result which innst 
he interpnded earefnily. 

The model is now ready. \ow’ the physicifst has 
to Fix his discharu:e that will flow in the model and 
will (*orrespond to a e(*rtain dischar«j:e in the river 
itself. Preliminary selection of tins di.scharge scale 
is done on what is known as (he Frond’s T/iw which 
states that 7 , the discharge scale, is given by 
7 - /d’’ '-. This discharge is allow'cd to flow over 
tlx* model and the gang(*s in (he downstream end of 
the nx)del are adjusted till they correspond to those 
ill the river itself for the corresponding discharge. 
Having adjusted the tail gange.s, attempts are then 
made to adjust the entrance gauges of the model by 
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vnryiiig the disclinr^o. By tlio time the cntraiico 
jraiiKos siro sot froo by varying: tlio disoluirjro llio tail 
jraii«:o« aro distil rbod and lo sot rijrlit by niaiii- 
])u1atin^ tlio tail jratos. ^Pliis npsi'ts tlio oiitraiioo 
{;aii$;os; so that by oaroful adjiistiiioiit of the* tail 
nates and varyinn th(‘ disoliarno all the nJ'**^*’*^ 
sot correct to a certain stani' of the river and lln^ 
ratio b(‘tweon the discharniis in flu* river and th(‘ 
model for this stane nives tin* oorroet di^c^harno sealo. 

The next sealo to be fixed is fhe time s<*alo. 1'liis 
is the most dillienlt of all tin* |)roeessos. Tliis consists 
in lindinn thi* leiinth of tiim' for which a certain ilis- 
(‘liarne in the model should run .^o that a (‘ortaiii 
(ransfoi'ination that has taken a certain nnnilxa* of 
years in the river itself to take place will be repro- 
dnc(‘d in the model, h'or tidal rivers which (iib'^nn 
has mostly dealt with this can be easily managed. A 
wave on the water surface moves with a forward 
velocity m i // dm* to the action of ninvity if 
friction is neglected, so that if the depth scale is // 
a V(‘locity in nature is i d times tin* V(*locity in the 
model, 

Ij _nislaiic<* travelled by wave in prototype 
/ Distance travelleil by wave in mode! 

. '/’l dll 

A ^ l (jh 

ic LOiido. 

\" 

(lib.son found this scale to hold I'**’ Ids tidal 

iiioih'ls. Ibit oiir physicist has net a diflcrent kind 
of problem. '!ldn* (iaiincs is a river that runs very 
low in most part of the year but rises in hinh flt»od 


for a very .sln)rt. pi*riod and does most of the harm 
in this period. 1die rapidity with which this staire 
channes is astonishinn and W'ill retinire very skiifni 
manipulation of tin* model discharne to r<'pro(lnc<‘ 
its most disastrous elVects. V(‘ry «*:ii’efnl analysis <»f 
the annual diseharn** curves of the river will be 
nece.s.sary b(‘forc a certain |)criod (»f years could be 
simulated in the model. 

The Task of the River-Physicist 

If our physicist siiccetxls in fixinn this s<'ale the 
first <‘riterion that lu* shall have to satisfy is tin* 
followinn. Siipposf* lie models the river to a survey 
of the stretch <‘arried out in tin* year P.t-tk can he 
reproduce the ciunlitioijs of fhe ri\«*r in l!t’»7 by 
allowinn fh(‘ imulel to lh»w for a <*erfain leiinth of 
time accordinn his nmdcl discharno curvesV fl 
h<* <*an do this e\(‘n appioximatelv, tln*n he has 
ehos'Mi till' fundamentals uf his model correctly and 
he can now proca'ed to iind the ellcct ol' «'oii^trm'tinn 
a bridm* across tin* rixa-r. lie has >olved the most, 
dillienlt pari of his job, he has n"l his appai'afiis 
properly set np and fmmtioninn coi'rectly. It will 
now rerpiire <*ar(*fni m.anipniation of tin* (*\perim(*nts 
and jndi(*ious and inte|liL’(ait interpretation of tlu* 
results to crown his ctlbrts with success. 

It will be .s(*en that in building the model and 
before tin* physicist, could a(‘tnally run it for any 
(lelinib* purpose he had to encounter many unc(*rtaiu 
factors that om* (*ven iioxv v«*ry little understands; he 
had to make use (d* c(*rtain results that havi* not 
b(*en accepted univi*isally as yet. 'Fliis stati* of 
atVairs will only end when more and more experi- 
ments will be earricil out with a vi(*w to clear our 
id(*as about tin* various fundamentals of models. 
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W'l-: have rci'civcd [‘nwii tin* ('(‘iifral linard of 
Irrij^al i(Hi, Simla, piihlioal i<m No. 14, oonlainia<r tli<‘ 
iiiitiiial r('[)ort of tli(* work of I he IJo.ud in llKio-IJU. 
It is a biji ri’port of I'Jo foolM^ap panel's and is 
divideil into llina* parts and an appendix. I’arfc I 
deals with the roeareh ollieer^’ la'ports. \V(‘ 
h‘ain fronj the i-epi>rl that re>earehe.>. on irrigation 
an' carried on at l^ahore, Irrijujatioii Hesear<‘li 
Laboratory at Poona, at Koorkee in the I’niled 
Provine<‘s, and at Kara<*ln. Krom tin* rep<>rt 
one i’alhers that no olln'r proviin*e has tlionirlit 
it lit to oreaiii/.c a r<‘seareh lalMH’a(oiy lor this 
important subject. 'I'he olhei* two pai'ts <leal with 
tlu' proeeedimjis <)f ihe IJe^eareh <'ommitte(‘ and 
the lioard Meetiii!!-', witli an appendix eontaininj.r the 
various not.es submitted in writinji; !>>• tin* olVieers 
of tin* lrrie;ation department. 

\Vv are here primaiily e<meeriie(l with the first 
part whi<*h deals with tlm r<'|)orls of tin* research 
ollieers. It is well known that the Punjab is aiu'ad 
«if all provinet's in irrigation res(‘areh. 'riiis is due to 
the dev<'loj)menl of the system ol canals in that 
province wln*re the resi'arch section was nri!;ani/.ed 
about two decades ai^o to deal with such proldenis 
as presented lh<‘m'>elves in the canal area, as ior 
(‘.\afnple, the alkalinity ol the .s«)il, the i'tf/finr lorimi- 
lion in the soil, th(' determination <d‘ moistiin' and 
.salt in th(‘ soils, water-lo^ioino-, (*((•. \ «r,)«Kl mimlxT 

of rescandi works are b<-iM,i!: «*oiiducted ac<*(!rdin”: to 
iiptodatf* metlnals. In llie Pliysics and Matln*- 
luatics Sections w(»rk is bein^ carried out on i)roblenis 
of subsoil Ilow, on silt invest i<rations, and many 
otluT interestinj; practi<*al i)rol)lems. Particnlar 
mention should be irnuh* of the work done by Mr 
A. N. Khoshi, Dr N. K. Bosc, ami Dr 10. .McKenzie 
Taylor on the d(*si»u of weirs on peniu'able founda* 
tious. It is claimed that the problem of weir d(‘.si«ru 
in relation to How of water throu^^h the foundation 
subsoil is now a solved problem. This ‘ichievemeiit 


wa.s the outcome (d some nine y(‘ars of .'^iistaiiK'd 
n*search in the tiejd and (»v<‘r four yi*ars of that in 
the Ihinjab Pes«‘arch Institute. In respect of the 
latter, tin* prolession express thc'ir ‘xi’atitude to the 
illnstrimis band of scientists of th<‘ Institute, r/',., 
Dr \. K. Pose for workinir «»ut tin' eom])l(‘te inathe- 
niatics <d‘ weir <l<si«rn, to DrV. I. \"aidhianathan 
for his r(‘seai‘ches with the electric imah'!, to Mr II. 
Ti. Dppal for, tho>e with the hydraulic mcuhd, 
and abov(‘ all to Dr McKenzi(‘ 'Fayh)!*, Dircidor »)f 
Irrijration Heseareli, who (‘o-ordinated all these* 
e'lVorts with such (‘xce'lie'nt re'sjdt. '^Fhe work done 
on this sn])j(*et in the Pnnjal) Ih*sear<'h Institute' has 
bee'll ol a lnndanie>ntal nature'. It has be'C'ii instru- 
nu'iital in furni.shin^’ the' linal solntiem. 

In the* Ilydi’aulie* Section inve>sll«r;j|inns we're' 
carrii'il out een the* uplift pre-^sure'S by the* e*le'e*lrieal 
ine'theKl and eui the* nuMh'Is in the* plume', “’rhe'se* 
inve'sti^.'ilions have' be'e'ii e'arrie'el eait larjxe'ly with the' 
eebje'ct eef deve'le>pin«r suitalih' forms of pre)t(‘e'tie)n 
elownstre'am. The* woik studied durinjr the* ye'ar are 
as folleews: — 

(e/) Panjnad Weir, (h) Me*,rala M'eir, (e) the* Fall 
eni the' Main Line* Lowa*!’, I’pper Dhe'iiab ('anal, 
{(/) The* R ipiel em the* Marh ( ’hinied Drain, (6*) The 
.\nde'rse>n We*ir.’’ 

hive sti^atieins wei'e* alse) e-arrie'el e>ut e>n hiiiel 
re'clamatiem and on de*fie*ie*ne'y e>f plant IbexI in the* 
re'e'laime'd lauds. \ ])e‘rusal ed' the* weak denie by 
the* Lalmre; Irri”:alion IJe*se*are*h Institute* preives eeim- 
ple'te'ly the* pe)int e)l vie'w adve)e*ate*d in this Jouriiai 
that irrijration n*se'are*h shejnld neit bej left tei 
enjfine'e'rs ahme' but she)uld be' earrie'el em by a e‘e>m-« 
jM'te'ut stalV ceinsistinfr eif seeil ehe'inists, [iliysicists, 
niatheanaticians, and en{;in(*e'rs. 

The* main weirk done; at the Irrigation Ro.seare'h 
Division at Peiona was on experimc‘nt.s with the 
ineidels of the (Janj^es River and tite Ilardingo Bridge 
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Oil Ulo Eastorn l^oiijral Railway. Tlio llarditi^o 
Rrid^o spanning!: the Riv(‘r (3 arises near Paksey nii 
♦he Eastern Heiijral Railway was eonstriictod 
])(*tween 11)10-1910. In nrd(‘r to maintain tho course 
of the river through tin* bi’idjre, ifiiidi* and proteetion 
banks were eonsfrneted, /*/:., the Ri<j:ht and l^eft 
(inide Ranks at tin* bridire, a ])ro(«M*|ion bank on the 
left bank of the river at Sara miles npstre.im, 
and another on the rijrht bank at Raita, ll? miles 
upstream of the bridjje. 

In 11)1 o-bS, the e(»nrs(‘ of the river near the 
bridjre was aIon«r (he left baid\. Since then the* river 
has ehanjjeil its eonrs<‘ and at pi(‘sriit the main 
enrrent flows alony: the riy:ht bank at the brid<r<‘- Ii‘ 
11))>1, t.h(‘ riv(‘r startcal to make an embayiiKait above 
the Rijrht (Inide Rank. 'Po c‘heek this and t<» remove 
th(‘ ilanjrer of the rixaa* retnrniini: to tin* IStiS 
channel, and ontflankinix tin* bride<‘. a <;nid<‘ bank 
was const nieti'd at Damukdia. In S< p(cinber IDI’o 
after floods, when tin* di'^charji'e had reaelied 1.7 
million ensecs, tin' Ritrht ( Inide Rank Nvas severely 
attacked and bi’eaelied. 'remporary bnnds weie 
hastily er(M*ted ami dis:ister averted. Dnrinj; tin* 
folhiwinu: cold weather season, two protection banks 
were bnilt b(‘liin(l the breach, known as tin* Mote 
and the Rack M ater Rnnd. In IDS the breach 
was tilled and the onide bank restored with thick 
stoiKf i’arpetino;. 

At the re(|nest of tin* Railway Ro:ird exp<*ri- 
meiits w<*re <*arried out at tin* I lydrodynainie 
Research Station at Khadakvasla to invest ijr.atc 
the causes of the breach ainl to xhow how ctleetively 
to r<'inov(‘ tin* danu’cr of further attacks. 

17*11 s(*iies of (*x|)ci’inn-nts wen* carri<*d ont in 
a mod(*l which inelnded miles ol the river, the 
scale beinjjj such that oin* mile was i'epre.s(*nted by 
about ten feet. ( )l these, series \ W'hi<'h showed 
the b(*neticial elVects of reshaping the nose ol the 
Sara Prot(‘ction Rank by removin^^ the pitehin*; 
stones and allowinjj; the river to erodi? into the 
nose, thus itself doinjj; tin* reshapinjjf, was consid(*red 
the best solution, “b(‘inji: cheapest and yet sniliciently 
eflectivc” and was r(*commen(h*d. 11n*s(* exp(*riments 
indicate the following; j^eneral results of the (*on- 
striietion of the (iiiuh^ Raiik.s, r/ ;., 


(1 ) tliat water tends to adh(*re to a j^nidc bank 
and leaves it with rehictance ; and 

(2) that irnide bank pulls tin* river around its 
npstn‘am nose; but tln*re is a limit to the embayment 
caiis(*d thereby. 

1'here an* many (luestions of fiindemental 
<*!mracter which have arisen in e<mncction with 
this model and the e.xperiments an* still in 
l)rom*(*ss. 

The (lanj^i's is tin* main flood carrier in Reiifjjal, 
and for tin* interest of tin* rural population it is 
ne<*essary that (he water <*arrie(l by her sliould be 
eijiiitably distribut(*d over t he ditlercnt i‘(*‘'ions. As 
has been point'd ont by Dr N. K. Rose* and Mr 
S. (’. Majumder in Si'IKXck .\\i» (l iai'HK this is at 
prc.sciit not the <*a.s(*. Most of tin* water passes 
(hrouLjh <*haiinels in Eastern Ik-ni^al causing: wid(*- 
spread erosion (d(‘slrueiion of villa^^es and ay;rieni- 
tiiral lainl) whih* Pentral R(‘n^al is beine; starved 
and has beconn* a «‘ounlry of ih*ad rivers and 
malaria. R(*in}»‘ deprivi‘d of tin* (JaiijLji's spill, wdiich 
used to ke(*]) ( 7‘nlral Rental in health and ph*nty 
in the olden days, sin* is now progressively deterio- 
rating in health and product isity of the soil and 
lands an* •ii’adiially ^[oin^ out of cull ivation. The 
principal spill channels which usi'd to distribute tin; 
(lanir(*s spill over (he area, nann*ly, Rhaj»iralhi, 
rlalaii^i and Mathabhanjra, an* dyiny;. .\s ]iointed 
out in SriKNcr. and (’n;rn;K by Mr Majumder 
their olVlakes, spcj-ially the oD'taki* ol (In* Matha- 
bhaiij::a, an* however sln>win*i; si^fus of improvement. 
If (In* money which was sp(*nt by tin* ( lovernment 
in dt'visinjx extempoi'f* protection of the Ilanlinjje 
Rrhlije w(*re s])ent in improvinjjj these* riveTs and 
tlivertin}jj a e;ood portion ol tin* (lant:^es lloeKl tlirouy^h 
th(*m, lln*reby n storintr tin* (ian^<*s spill in (N-ntral 
Renjjal, which sin* s«) badly nee*ds, not only a p(*i- 
main*nt .solution would have b(‘cn fe)nnd for suvinj; 
the bridge*, but Pentral R(*ne'al also would have 
return(*d to her old prosp(*rity and h(*alth. Tlion|rh 
the bridj^e s«*(*ms to have* be<’n sav«*d l»a* the present 
at a prohibitive* e*ost, it elo(*s not appear that we arc 
still out of the wood. As pointed out above wlien 
the bridfjc* was constructed tin* main curn*iit was 
alon}^ the lt*ft of Sara bank. Rivers in I)(‘ltaic 
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IVnjr:!! rollnwln^ :i mrjni(l(*rin<r (MHirsc llinnijrli very 
IVifiblr* soil cjin liiinlly Im* considered ;is stable and 
we slionld not b(‘ surpris(*(l ii alter a lew years we 
ajrain find the (lanu'es near |Im‘ bridj^c* alhwkin*; the 
h‘fl baidv. In laet it is iinderstocxl that near abmil 
Lalpiir on tin* left bank, a few miles abov(‘ tin* 
bridtje, considerable (‘rosion has already taken place, 
and the (Jaiijjes has approached within a very >hort 
distaiH'c from tin' main railway lim* to I)arj<*elin‘r. 
If the erosion coiitiimes, a situation <|iiit(* as threaten- 
ing as experiene(‘d n'cently wlien the south bank 
was beinjjj attacki'd is Iik<'ly to arise. In fact the 
situation is likely to be even more serious. For once 
the main line at this jioint is brr‘a(‘hed and the (lan^es 
flood finds ai’cess to the vast dcpn‘ssion near about 
Chalan l^il, there is risk of the main river bein^ 
diverted in this direction with serious eonse(juenees 
not only to the railway interest })ut also to the 
countryside. It thend’ore scmmus to us that <*ven 
now our siijr^estion of divert inji a good porti»)n of 
the (langes tIo(ul to (\‘ntral Bengal as a p(‘rmanent 
solution for the safety of the IIarding<‘ Ifridge 
is not too late*. In fact this is a matt<‘r in which 
interests of tin* Bengal (lovei-nment are identi<‘al 
with thos(‘ of the F. 15. Railway and we urge the 
former to take the initiative and firess this view 
before tin* Tmperial (i<»vernmeut. 

In addition to the history of the Sara bridge 
giv<'n above, w<‘ may add a little mon* information. 
The Sara bridge was (‘onstrinded, at the insisteiua* 
of the Bengal (diamber <d' (Nmimerce, on a site which 
was condenuK'd by the investigating engineer. Sir 
Francis Spring, who first drew the :itt(‘ntion of tin* 
Governm(*nt for investigating river problems in a 
properly org:iniz<*d river physics laboratory bebu’e 
any great engineering work was taken in hand. Tin* 
(jovernnient did nothing of the kind, and they had to 
pay *a penalty of crorcs of rupees when some of 
the predictions of Spring came to be true. 1'liey 
have awakened now so much to the gravity of the 
situation that the Ibiilway Board has referred the 
pr(»blem for a ])ermanent snlutioii to tin* Research 
Laborat(»ry at Poona. There is in» doubt that the 
stall* will do th(‘ir best to give an ade<|uate sohitimi 
of this problem, from tlu* ])oint of view of sab'guard- 


ing the interest of the K. I5. Railway, but the criti- 
cisms may be off(*rcd that the problem is the creation 
of the (jovernnient and if a wider and a larger view 
w«‘re tak(‘n, it should have been mindi to the interest 
of the country. 

'riie I*oona branch reports several exjieriments 
of loi'al int(*r(*s1 of irrig.ation for the us(* of bailies, 
and on the di'sign of the b.iftl(*s and (he .silt of the 
ilowii'^tream pavt'Meiit of the Sukkur Barrage. 

Labor.-itory experiments were also carried out 
on reelamatioii of alk.ali lands. 

In the I’niled Provinces important research 
work is being carri(‘d out umh'r Mr (3. liacey, 
Superint<‘nding Fiigiiieer, on fiindamenlal hydro- 
ilynamical probh'ius regarding the (low of water in 
open chaim(‘ls. “^rhe formuhu* which Mr Lacey has 
ileriveil for taking into aeeount the ellect of viseo- 
sity on the How of silt-la<len water an* eonsiden*d 
t<» be of gr(*al Inmlaimmtal importance*. 

In the (’. P. the Sarda Riven* which is a tribu- 
tary of the* me>re well-known Sarjii has b(*e*n utili/.e*d 
for ge*ne*ration of hydi‘o(*le'e*tri<* power. .A barrage 
has b(*e*n put across the* rive*!* at Baidiasa. I'lie* 
safety of this barrage* has give*n rise to many prac- 
tie*al probh‘ms which we're* attae*ke*(l with the aid e)f 
iinulel exp(‘rim(*nts. 

In the* Res(*ari*h Station at Karachi (‘xperiments 
we*re* e'arried emt about e‘ngine'e*ring pre>ble*ms in th'e* 
eaiials with whie*h the* preible'in is se*rve‘el. Mr T. II. 
(^lITy, the* (’hief Fugine*'*!* of the Irrigation Section 
in Px'iigal, spoke em the* polie*y of irrigatiem in India 
with partie*ular re*fe'rence* to future* ele*v<*Ie)pmi*nt and 
finaiu*e*. I le* practically suppeirts the* view taken by 
Se'iM.Ne K .\Ni) (^'L'ri'UK that vrcnj pnH'inre, at /easf 
rnfloii, sltothil hare hvr (urn irrigation resea rrh 
/(thorffhn irs^ and thr prahtent of one prorinre cannot 
tw tod, ted in the research tatfOratories in another 
prorince tnj officers n'ho are nnargnninted trith tocat 
protdcins. The* Ibllowing epieitation fremi his .speech 
Avon Id be* instructive* : 

“The natural eoinlitioii in the Hitrerent provinces vary 
greatly. Tor exain])le, tlu* conelition.s in the provinces of 
Norlhern Ineii.a arc ejuile? elifle^rent from those in the pro- 
vinces of the South ainl along the coast. .Accordingly, it is 
rlifTicult for an Irrigation Jvngiiiccr, who has .spent his 
.service in one ]>rovince, to eniinciatc a policy suitable for 
auotlu*r part of this suhcontiiu*nt.“ 
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Umaprasatina Basil 

Keaearch Laboratory. Uenaal Immunity. Calcutta. 

Since tlu* cjirlicst tini(‘s the pi oleins (d* riv(‘(l I’rnm 
meat, fish, cjrjr, milk, pulses, (‘tc.), (‘.•irl)uliy(lr:it(‘s like 
sfjirch (ol)taiii(‘(l from cei'ejils mid other sniirees) mihI 
sujrar, mid fats have been rei'oeuized as our principal 
food (‘lements. Of eoiirsi*, the body needs in addi- 
tion a small (inaiitity of mineral salts of potassium, 
ealcinm, pliosiihorns. and inni for iu pli\>iioloi»i<‘:il 
weli-beinjr. Tlie importanee of tla‘s(‘ minerals lias 
been further revealed from (lie recent r(‘si‘mvlies on 
nutrition and it is now beinj* believed that depriva- 
tion of any of tluan generally leads to a patlioloniieal 
deran»:enienl, and tlien^by inhibits the formation 
anionj; other tliinjis of blood, brain, lames, and tissues 
of the body. Wv. have, however, obtained th<*ir 
supply from tin* normal roo<l-stnll*s for tlionsands of 
years iiefore wo knew (he fniietioii or even the (‘xis- 
tene<* of these ehaneiits. I nf or(nnat<*ly, with the 
advent of modern <*ivilizaf ion w(* are forced (o take 
a too restricted diet and this a;iain, beiiij^ highly 
proe(‘ssed or refined, is so ill balanced that (heir 
defieimieies may develop at any lime. So in adjnst- 
iiiy; the correct ((naiitities of dillenait food-elements 
for onr tiaily dietaries tlan'r proportion should always 
b(‘ properly maintained and the supply be nev(*r left 
to ehanee. 

Function of Iron 

Amonost the miimral ehaiieiifs, iron dillers in 
beiiiK essential to the life of many, jirobc.bly all 
forms of ])rotoplasm ((^tslmy: riiarn/aralnfjtj innl 
Tharapenfirs). I'o ns it stands in the closest po>- 
sible relation to the fnndameiital processes of nntri- 
tion, beinir nii iiiifiortant element both <d‘ the retl 
pitrment (hmano^hdiin) of blood and of tin* eyt<»- 
ehroines so essential in eontrolliiijf tin* vital aefiviiies 
within the cells. But the total mnonnt of iron pre- 
sent ill onr body is small, only about O.OOo ]M*r cent 
of the body weijifht. This would come to about to 


I u:m’' (/. e., weight of about t» to S ordinary writiny: 
nibs) in the ease of a m»rmal adult. Of (his amoniit, 
two thirds an* present in the haemoirlobin of (be blood 
ami the remainiiijL; portion is distribiit(*d amonyrst 
the liv(*r. ki<lm*y, sple(*ii, Imiyjs, paner(*as, museh* and 
hair of the bmly. Tin* pereentat*(* «d’ the mineral 
in haemoiilobin aj^ain is only about l) d.‘5r> ; but it is 
this III mit(* amount that enables the blood to absorb 
and carry o\yi»‘(m to (he dillen'iit cells, and th(*reby 
li(‘lps in maintaininy: tin* m(*tabolism of tin* various 
tissiu's. It, may be pointed out tliat iron is also 
esM'iitial for (In* proper trntwlh of jilaiits. A slijrht 
<lern‘iem*y would diminish j^reatly the yi(*ld of a crop 
and a y:realer om* alters the eibmr of the leaves 
owiny: to defeidive chlorophyll formation. The wide 
distribution of iron iiidiea((*s its fundamental import- 
anee in ailditioii to its speeiali/(‘d fiinetions. 

Supply of Iron 

Apart from tin* natural endowineiit of iron which 
we reeeixM* at birth, all tin* iron required for the 
.-«yst(‘m must lx* obtaiii(*d from onr food and this 
ay:aiii in snflieieiit (jiiaiitity which would In*lp tin* 
normal metabolism of (he Ixxly and k(*<*p pae<* with 
onr growth. Iron slonxl in the body is emit imioiisly 
bein<; eliminated in fac'ees (n a maximum f»f my:s 
and a eoiisideraiih* .‘irnoimt (about oO to ]()() my:s) is 
beiny: ri'inoved from tin* eirenlatiny blood aloiiy with 
(he daily desInnMinii of red blood eorpnseles. But 
at the saiin* time bhx)d-fnrminy oryaiis are sn|)])Iyiiiy 
an amount of iron tliat is retjiiired for the daily form- 
ation of liac‘moy;lobin of n(*w red cells. This shows 
that tin* sto<*k of the mineral mnsi lx? r4>pleiii.slie(l 
rt'ynlarly to (aisnre tin* propen* formation of ha<*mo- 
ylobin. It must lx* remembered that if the blood 
lacks ill haemoyhdiin (the oxyyeii carrier), oxyyen, 
S41 vital for onr syst(‘m, cannot be bmnylit to tin? 
tissues and tin* result \vonhl be yenoral aiio.viania. 
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TIk* :ivor:i<»:o iron infnkf* (►!’ :in niliilt ntiin :u*corflinjj: 
to Kozni KoiVnnd lus follabonitois (-/. Sntrition, 
r, 221, lil.’U) is only 10 to 20 in«»s. Of tliis anionnt 
only 7 to !) my;s ini^ht Ih‘ al)sorl)f*(l in llio sysloin 
(\\'i(I(Iow.son aiul Met anco, J. //iiff. Onnh.^ .76', I.'k 
in.') I); AvlnToas, as |)oint(Ml out above, the lo>s (ln(‘<o 
haiMUolysis of nal eells alone <*onies to an avera<{e cd* 
To nijxs of iron. .Vjxain, tlie total amount of iron 
])reseiit in (»ur food would always vary niu(‘h witli 
the amount and mitiire of thf' diet. It is o))vions, 
therefore, that its daily re(|uirem(‘nt would hardly b(‘ 
available from the food alone. 'I'lie nMuaininti; ]>or- 
tion of iron for its daily nudabolism must tluMi eoiiie 
either from the haem«)«'lobin of tlie destroy(‘<l eor- 
jmseles, or frcmi the liver, spleen or other tissues 
wliere iron is always bein^ stored up for its subse- 
(inent ntili/ation. 


Assimilation of Iron 

The (|U(*stion now naturally arises ; Ifow and in 
what form the iron is bein]i; absorbed and utili/.e<l by 
the systcMii ? Inm as pi*es<'nt in our food is jvemu’aU 
ly found to be (‘xistiny: in the form of simi»l(‘ soluble 
iron s:dls and eompounds of iron hydroxide* with 
proteins, and ab(» as (diroiuoprote^iiis, /. c'., (‘orn pounds 
of protein with a |>i«>;iuent of |)ori)hyron type* (I). 
Ilaemojilobin belongs to this nature. 
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At one tiim* it was the jje'ueral belief that it is 
in this latt(‘r form that iron is absorbed and assimi- 
lated and from this haemoglobin is [irodueed. But 
it is now beiny: jjjradually re'eo^uized that for the 
absori)tion and assimilation of iron in the system 
the food in)n will have to be ehanj^e'd larjrfly, jf 
not wh(»lly, into simpler and i(mi/(*d forms of iron. 


For this the food iron will first have to be eon verted 
by onr dij^estive processes into naue dilliisible 
molecules. Ihit to what extent this may happen 
we do not (*xaetly know. On the basis of the abov(i 
hypothesis, it is (*lear that iron of liaemo^lobin, 
liaemin or any complex orj^anie comfiounds which 
y:eii(‘rally tend t<» r<‘sist the abov<‘ process will not 
b(‘ available in the (•rj^anism and ac(*ordinji»:ly, will 
escap<* absorption (Klvelijc'iii, 7. Amrr. .]friL /Ix.sor., 
.9.V, lOHi. 1!):12 ; AA'A til, VXV.l). The value of any 
ol our iron-cfuitainiiij; footl would then depend m»t 
only on tin* total iron contents presemt in it, but on 
the simpler or i(mi/al)le portion. The type of ii’on 
which is easily absorbed and utilized in r(''jeneratin}jj 
tin* haemojLilobin of the body is now beinj; termed 
‘availabh* iron’ and this is found to (MUTes\)oud 
closely with tin* form of iron tliat can be estimated 
by Hill’s ilipyridyl method. Feeding (‘xperim<‘nts 
on animals eh‘arly indicate* that the haemojilobin 
formation is din*ctly proport if)iial to the amount of 
available iron as d(‘t(*rmined by the above* e‘hemie*al 
me*the)el. 1’his, in otlu'r worels, would nie*an th;d 
:\ substam*e* rich in available* iron is a moi'e* valuable* 
fooel so iar as its powe*)’ for re*jLi:ene*ratini; haeme)- 
jrlobin is e*one*e'rne*d. In this e*emne‘ction the* folle>w- 
in«r table from Flvehje*m’s W(U*k, showinjr the p(*re*en- 
tajres e>f avail.able iron in some* biole>,i!:icaI m:de*rials, 
we>idel be* e)f e'cmsielerable interest. 


TAIU.K 


Substances 

Total Iron 
per ^in dry 
material ; 

mir 

.\vailable Iron 
per «Tin <lrv 
material ; 

m.u: 

P(*r cent 
available* 

Peeis (caiinect) 

0-122 

0111 

90 

Almond 

S<iybeans 

0 042 

0-037 

88 

( non-roast ed) 

()-()91 

0073 

80 

Pe.'is (fresh) 

0-1R8 

0085 

72 

Beef liver (dry) 

0261 

0183 

70 

I’ork live'r (dry) 0'652 

0-434 

66 

B.'itianas 

.Soy-betins 

0014 

0-0086 

61 

(roasted) 

0 10 

0-06 

60 

Apricots 

0043 

0-021 

50 

Oysters (dry) 

0320 

0081) 

25 

Parsley (ilricd) 

0-340 

0-069 

23 

Spinach (fresh) 

0352 

0067 

19 
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bVoin the t;i))l(‘ it is cvidtMit that :i larjrcr 

|)(‘rc(Mita}];(' (»!’ iron in any food material would not 
iiocossarily supply a jL!:n‘at<*r amount of available 
iron. This would most ])n>bably maiidy. depend on 
tho amount of inorj^aiiie iion presj-nt. Thus, the 
iron of yolk, which is prescait not, .as formerly 
supposed, in orjranie cond)ination but as an inor- 
jranic compound, is eompl(‘t<*ly *availabl<‘ for the 
system (R. Hill, Prar, 7/o//. Sor., Series Ib 107, 
‘JOo, 19.‘1()) It now s(‘enH advisai>h‘ to (‘\teml a 
similjir investijifation to soim* of the wcllknown iron- 
(‘ontaininjr food-stnfls that an' avail.able in our 
<'onntry. Of course, work in this direction is already 
in projrress in this Laborat^u’v. 

Its Importance to Women and Children 

A1thouy:h n»ir ordinary food supply with common 
salt added to it should <*arry an abundama* of the 
essiMitial mima’al (‘lements to me(‘t tin* nee<‘ssary 
nutritiv(‘ re<|uirements. the usual and a veraj^e dietary 
is often found to 1 k‘ defieient at h'ast in a mim*ral 
lik<‘ iron. Its supply to prejrnnnt women and nursinir 
mothers is of additiomd importance as their food 
shonld always be rich not oidy in prcfteins, vitamins 
but also in ii‘on and this l.atter a^ain in smdi excess 
that besides supplying: their personal r<M|uirem(‘nts 
an amount must lx* hd’t behind for utili/aiion by the 
«!:rowin^ fof'tus in the former <*ases and for exciadion 
with the milk (lurinjr lactation ])enod in the latter. 
Hut as auaemia is found t«> be jm'sent in a consi- 
d(‘rabl(‘ percent a jL^e of Indian women the ipiestion 
naturally arises how the vital processes, esp(*eially 
those of reproduction, are bein^ c.arried on with 
such a vitiated blood supply and conse(|uently 
curtailed supply of oxygen to the tissues. Th(*y 
re((uire somethinjjj whi<*h would increase* the number 
of n*d-blood cells and pcrcc'iita^e of hae'inoirhibin. 
1V) fill this want properly and eib'ctively iron must 
b(‘ supplied in snflici(‘nt iimintity that would insure* 
and sfttisfy the*ir need durinji; the ab(»ve period. 
Most probably it is for this want of iron in the 
systean that durinjx prejjjnancy many wemien in tin's 
<'e)untry are^ found to ediew and take some* e*art.hy 
luatea'ials whiedi are e)bviously rie*h in irem eixiele*. 
He re; another pe)int may biM'aiseid and this is that 


besides iron ce*rtain other mineral element^ like' 
ce)p])e*r, maniraiH'se*, :inel zine* are alse> reeiuire'el for 
niitritiem. Tht*y have* m^lhinjj: tee elo with iron ahsnrp- 
tiem but eudy funedion in the* e*euive‘r>ie)n eef the* 
abseerbcel irem intee hae*me»}ile)bin. It has e‘ve'u be'e ii 
ne)tie‘e‘el that aelministrat ieeii eef iron has re‘^ulte>el in 
its ae'cnmulat ieen in the* live-r without any inere'ase* 
in the* pe‘re‘e*nlajL!:e* eef hae'ime^lobin but a sub>e*ejue nt 
ailelitiem eef e'eeppe*!' has preeiuoteel the* conve'isiem ed 
ste»re‘el irein into hae*me»eie)bin. The* impeertane-e* e>f e'e>p- 
pe*r in the pre)pe*r assimilatiem e»f irem is also e'vide*nt 
from the* re‘e*ent e»bse'rvatie)n e)f Smith aiiel Otis 
C/. I/omo AVo//., 3S', .‘I!).'), I !), ‘hi) that all the* irem ed' 
banana is fully u(ili/e*el lor hae'inee^leebin foruiatiem 
if su|)ple'me*nte‘el with sullie*ie‘nt e*e»|)pe'r. Oiiea* the* 
ieermatietn ed hae‘me>^le)bin is e'lisure'el. the*n it is 
e‘e‘rtain that it we)ulel stimulate* the* e)(he*r e*e*li-fe>rmin^ 
tissue's >ue‘h as the* beme* marreew tee peeiir ne*w e*e*lls 
inte) the e'ire'ulatiiiji’ blexid :inel the>re*by ine*rease* 
vij^e)!!!’ and vitality e»f the* be)ely. 

Ajj.iiu, if we* e'onsieler niitritiem elurinej: infane*y 
and e'liileiheMxl. we* wemld find that milk, the* chie'f 
ibexl elurinji* a e'emside*rable* |)e‘riod ed* e'arly ji»re»wth, 
tliemerh rie*h in mine'rals, is ele*lie*ie*nt in ce-rtain bleM>e|- 
femuiny; e*le‘me*nts like* irein, coppe'r, and many:ane*se*. 
In this re'spe'e*t human milk is mue'h bc'tte'r than 
ce»w’s milk !»s it e*e)ntaius a mue*h lar^e*r pe*re*e'nla^e* 
ed’ ire>n. Ile)we*ver, the* natural steira.ice* of this 
mine*ral e*le*me*id in the* ne*W'be»rn e'emnle*rae'ts the* 
de*ne*ie*ne*y e»f ire)n in e•ow^s milk. Hut this e*nde>w- 
me*nt varie*s with e*ae*h infant anel, feu* the* re*asems 
e*ite*el abeive*, is liable* te» be* exliauste*el very e-arly in 
the* niirsiny^ pe^rieiel. Ne*e*e*ssarily lhe*y shemlel be* le*el 
with type* eef loeeels whie'h Weiulel su|)ply the* ble)e)el- 
feerminji: e‘le*me*uts te) the* be*st :ulvantaj;e*. It. may be* 
fiirthe'i* peunte'd end that as the*re* is a e'leese* inte*r- 
ele*pcneli‘ne*c eif the* eliile'i'e'iil mine'i'als in the*ir 
assimilatiem, the* ratieis ed* elil1cre*nt mine*ral e*onsti- 
tucuts of any die*t tei e*ae*h edhe*r are* of as mue*h 
impeirtane*e* as the* total ameiunts. Thus plmsplmrus 
and cale*ium are* mutually ele‘pe*nele*nt on cae*h e»lhe*r ; 
se) alsei are* the* latte*r anel irem fe>r utilizatiem in the* 
syste*m. This is e>f spe*e*ial impe>rtane*(* when the* 
fe*e*eliner eif e*e»w’s milk is e*onsiele*re‘d. Here* he'atiiier 
e*ause*s the* elisse)lve*el phospheirus and e*ale*ium salts 
ed’ milk te) fe)rm trie*ale*ium pheesphatc whie*h inte*r- 
l'cre*s with the* assimilatie)n e)f irem. It feilhiws, 
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thorol’orc, tliiit <li<‘ lioatod row's milk would be 
iiderior to raw milk in mitrilional valm» and this 
would l’iirth(‘r d(*|)(*iid upon tin* dcjrn'O ol‘ li(iatiiij;. 
This virw lias been arliially sub^tanliatcd by Okado 
and Soiio J. Krp, Mvd., I'J, 1!)7, IJKU). In 
human milk, however, I he dill'enmt mimu'ai eonsti- 
tuents an* present in a well-balaiieed ratio and the 
eonseipieiKM* is that the ini'ant derives more mineral 
eonstituents IVom human milk in spit(> of the faet 
that <*ow’s milk contains a much larger iierceiitat^e 
of mineral exe(*ptinjj[ iron. It is jiossible that this 
(hrliciency of iron in cj)W s milk was known to us 
from V( rv early times as is indicated by the custom 
of boilinyf milk in an iron pot. This is all the more 
sijriiifi(*ant from the observation of Lucas and Mcn- 
derson (i'an. MvtL J.v.sw-. f/., .V /, o;}, IIKII)) that the 
iron cont(*nt of vegetables considerably increas<‘s on 
cookinjr tlu'm in h(*avy iron pots. 

One *»fthe nmst common systems in infant 
fcedinjr is to admix milk with linu* water. Hut this 
addition of lime water to infant’s milk cannot be sup- 
ported as it would t<'nd to <*onv(*ii the soluble (*aleiuni 
present to insolubh* calcium salts (as phosphates) 
and thereby would inhibit the assimilation of otlu*r 
miii(*ral elements. Another practice is to add certain 
een-als to milk appan'iitly to increase tin* food value 
of tiu* infant ili<*lary. Hut there are experimental 
evi<lenct*s (lOlvehjem, Marl and Sherman, J. PiuUa-^ 
h'irs, /, (if), lil.'U) to show that this does not induce 
normal haemo^:lobin hirmation. Tin* :d)ov4* authors 
furtluM’ state* tliat the addition of a small amount of 
iron salt admixe'd with a (race* of ceipper (as sulphate*) 
jrive-s a more* r:ipid anel ju'omjit re'sponse in the above 
dir<‘etion. In the lii»:ht of tlmse* e)bseM'vatie)ns it is 
be*tt(‘r te) enrie-h the* milk-e*er(*al diet e»f the <*hildreii 
eitlu*r >vith foexis rich in available ire)n, fir simply 
with seime* assimilable* iron pyreiphosphate alonjj: 
with salt like solubles iron, eeipper, and manganese 
tei insure* optimum haemei^hibin formatiem. This 
is meire needed for an infant born with a reduced 
supiily of irem, or feu* erne wlieise supply has been 
d(*plet(Hl l)y illness eu* by seune* either cause. Hut. 
the amemiit of iron, if injjeste'd, must be small 
(about b te) t) mirs daily) so that it mijiflit not ajj;aiu 


iiiterlere with the assimihitieui e»f calcium and 
phosphr)ru.s — the twe) other essential elemcMits for 
the proper luaintenane'.e of h(.‘alth. 

Its Value in Diseases 

The administration of iron is found to be valu- 
able in the tre*atment of anaemias, particularly of 
hypochromic type. It has a speeitic action in i)ro- 
motin^ the formation of haemoglobin content ed 
bloeul after an attsfck of tuberculosis, syiihilis, mala- 
ria eu* similar either acute dis(*ases. fn tlu.*se cases 
alse) the iron salts which are easily soluble and 
readily yii*ld iemi/able iron are far more superifu* and 
reflective than any other femu of iron. Ame>n|rst the 
ieinixable* iron salts feiTe>us salts are bein^ i)referreHl. 
JAirther, as ferrous e'hloride uiulci'jioes no chanjfe in 
the ste>ma(*h and forms with albumin a soluble ami 
non-irritatinj; compound it should be* the me)st suit- 
able salt e>f irem lor administration in the* treatment 
eif hypochromif* anaemias. Hut the most active) pre*- 
paratiein eif any iron salt is not necessarily the* be*st 
se) far as its me.*dicinal use* is e*oncern(*<l. For its 
us4‘ in any haemateipoetie pre*paration e*e*rtain eithe*r 
factors such as te>le*rability, palatability, stability, 
anel lastly the* price shemlel also be* consid(*re*d. 
.\nolh(*r elillie'ulty that arise‘s with any sne*h pre*pa- 
ratii*n is about the stre*ny:th eu* e*emce*ntratiem eif the* 
iron seilutiem. This is, eif <*emrse*, mainly due* te> emr 
imp<*rfe*ct kne>wh*eljxe of the* t he*rape*ntie* dos<*s eif 
irem. 1'he*re are* ce*rtain (*asi*s of hypeie-hnilnie* anae*- 
mias whie-h wemid e*asily respemd to smalle*r dos(*s of 
iron sue'h as bO mj^s per elay, wh(*reas the*re* ai‘e* eithe*r 
e*;ise*s where* iron must be }L»;ive*n in sue*h deises as wemlel 
le*ad to the accumulatiein in the beiely eif abemt If to I 
time*s the* abeive* amount.. So a nwtheiel is still tei be* 
feninel by whi. h it would be* pe)s.‘«ible to distin{*:uish 
be*tw(*en the* eas(*s in whie*h a small amount eif irem 
is su(1ie‘ie*nt anel those* whie*h elemand a hi<rhe*r dose. 
This is eif i«fre*ate*r importance whe*n a seiliible* inorganic 
irem pre*paratiem like ferreius e*hle)ride is tei be pres- 
cribed. Any elissociable irem salt by preeipitatint!: 
the* proteins behaves anel acts as an irritant. On the 
eemtrary, the le*ss dissociable salts like ferri et 
ammonii citras, ferri pejitonate, (*tc., de) not precipi- 
tate pre)t(*in and as su(*h arc less irritant. Hut, as 
mentieine*d above*, these irem preparatiems weiuld 
.seldom exe*rt any therapeutic activity unless inj;jcste*d 
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ill liwivy doses. Tlie rollowiiijjj table adapted from 
Witt (IjuireU /, 1) shows tli(‘ n'lative valiu* 
of some <;omm(m iron ])reparations 


Type 

Daily dose 
in 

Iron conieiit 
in 

I’erceiitage 

of 


gins 

gin 

Iltili/ation 

Rcihiccd 

I roll 

1.5 to 6 

1.2 to 5 

0.5 to 2 

1‘erri el 
Ainmoiiii 
CitrsiH 

4 to 8 

0.8 to 1.6 

1.5 to 3 

Blaial'.s iMll 

3 to 4 

0.3 to 0.4 

G to 8 

l^'errous 

Chloride 

0.25 to 0.5 

O.ItoO.2 

12 to 25. 


From this tlie utility of ferrous chloride can be 
easily jud^eil. 

A problem, whieh arises s]»eciall.v in connect ion 
with a eonnnereial preparation, is liow to obtain a 
stable ferrous iron solution as the buTous salts are 
readily oxidized in solution by the dissolved oxyjjen 
aei'ordin^ to the equaticui : 

4Fe(la + <>2 ll-d) lFe(()II)Cl:>. 

From the equation it seems evident that the 
low(‘rinji; of the solubility of oxy;;cii might enable 
the iron to remain in ferrous eoiiditiou. The pivsem^e 
of an acid too wouhl retard the conversion of ferrous 
chloride to a ferric salt in which form the iron is 
j^eiierally found to be extremely irritating to the 


stomach. This am’dity of any ferrous salt ]>repara- 
tion, like sugar and alcohol, might further lu lp in 
the absorption and retention of iron in the body (e.//., 
Mettier and Minot., Anur. ./. Mvd. Set., ISI^ *j;\ 
Itk'H). Ihit an (‘xtra amount of acMcl in an iron pre- 
paration again would cause tenderness in gums and 
blackmi the teeth. In spite J»f all these drawbacks, 
the inorganic iron for its lower bulk and better 
action is gradually b(*ing favoured. Of <*ourse, if 
there h<* a nsasonabh* assuraiicr* that iron of any 
inorganii* pniparalioii would remain in the fernms 
state, it should not be at all irritating to the stomach, 
parlicadarly if taken admixed with milk, riuh'r 
these cinaimstaiK'cs this simph* iron salt would 
serv«‘ as a g«>od tonic for those suffering from 
anaemias. 

In conclusion, it may be mentioned that we an* 
still consid«*rably in the dark regarding the mecha- 
nism of assimilatifui and utilizafir>n of iron of vege- 
table as well as of animal origin, and there are many 
unexplainiMl factors in the ai‘tiology of aiiamnias. 
So an iron food should always be taken with 
diet rich in oth(*r important food el(*ments like 
protein, vitamin, eti‘. It has been sliown by 
llethell ( J. Anf('/\ Mrt/. Assar., IffT, 51)1, liKhi) 
that in cas(‘s of anaemia in pri'gnaney simulta- 
neous feeding of inorganic iron and protein of high 
liiological value (misuh's a b(‘tt(‘r result. Further 
J. Tweddell Mcfi. Assoc. 7., .77, lilJI, Itflli) 

observed that admixing of a soluble inorganic iron 
preparation with vitamin B] and By coneiMitrates 
promotes an increase of haemoglobin formation in 
anaemic rats. 
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The Antiquity of Indian Medicine and its 
Scientific Background 

Tmk history of the oriji'iii ;ui(l cvnliitioii of I liiulo 
niccliciiH^ olVers :iti intcn stinir :mtl htimiihiliii<j; lifhl 
nf study :md jdldrds oik* of tlu* lio.sl cxuniiilcs of flic 
(*iilfiind hcritjijfc of liidi:!. Some scholars consider 
India to Im* (he l)irth-i)hice of medicine and surgery. 
.Veeonlinj!: to Dr Wise, tin* renowned Oriental 
scholar, “it is to th(‘ I lindiis (hat we nwe (he iiisl 
system of iiiedieim*.” Whatever lie the triilli in 
these claims, (here seems litth* doubt that the 
foundations of (*arly Hindu medicine were laid Ion*; 
Ixd’ori* tin* dawn of the ('liristiaii Kra. fn fact, if v»’e 
(aki* into aceonnt soim* of the very early availabh* 
ri'cords, w(‘ can tra(*(* its origin to the nanote past 
wlieii history is hazy and nnr(‘li:d)le. 'rh<‘ earli<‘st 
mention of (he ineflicinal nsc* of plants is to be 
found in the Iiirfmld written about boOO u. r. 
which is one of the (ddest, if not the oldest, reposi- 
tnry of human knowledire in existence. 1die only 
other book whi«‘h is almost as old a< the IiHfm/a 
is the Chinese medicinal elassi<*, lYn T'sntt 
written by Mm|»eror Shen Nnni; about tin? periotl 
‘J,7(i0 II. \ chronological table of some of the 
important mcdii'al jinblications before the ("hristian 
Kra is ^iven below to indi<‘a(e (he wealth of material 
prcsiait in the ancient llimln medicine. 

Ancient Books of Hindu Medicine* 

(Before Christian Era) 

Rigreda 4,SnO H.C.-b.O^O H.C. (?) 

Atharvaveda 

The dales i^iveti by the a at Jior in some eases, we are 
afraid, dilfer widely from, and are mncli earlier than, those 
geiieriilly accepted by .seholAi's.— vSc. & Cui^. 


Ayurveda (The .Seienee of Ijfe) l,()0O Il.C.- -2,??00 IbC. (?) 
(a) SalytL Tantra Major Snr/very. 

(/i) Salakua - Minor Surijery. 

(c) Kaya Chikitsa-iU'neriA Medieinc. 

(d) Bhnta V'/V///«-I)eran;.;ed faenlfy of niitjd, In.sanity, 
etc ; 

(e) Kuynara i?/i.r/<y/«-I’cdiatries. 

(f) Agtida Tantra T<»\i»'oloti;y. 
ig) /^nan.jyaxa-Cheniistrv. 

(h) Baji Knrann-^c\ Priycholoijy. 


Char aka 
Suftrnta 

Bhaobhata 
Mad h am kata 
Chakadnttn 
Sranyailhara }- 

Kanada I 

Sankarni^eti I 

Hangase.na j 

Bhojaprabitndha 


iniM) RC.-sno H.c. (?) 

soo U.C -700 H.C. (?) 


Helween SOD U.C. lOl) H.C. (?) 


50 K.t*. «)r probably KiU.V I). (?) 


In tin* Aflifirrarnln which follow(‘d 
the nse of driiirs is more varii'd thoiiLdi the d(‘scrip- 
tion of charms and amulets covers m‘arly '){)% of its 
pajxes. It is in the .!///■ rnin that deliniti* propel*' 
lies of drnjxs and (heir ns(‘s have be(*n i^iveii in some 
detail. Aifnrrviln, in fact, is the vi*i'y foundation 
^tom* of tin* am*i(‘nt iniMlical seimiee of India. .As 
will be seen from the table, it has e:ot. S distinct 
divisions. .VII th(‘ sections of this ancient troatisi* 
are well written and contain i\ masterly description 
of (he sci(*nce as it was known in that timr*. Parti- 
cniar mention may lx* maih* of (he chapters on 
medicine, toxicology, pediatries and sox psycho- 
injiy, which hav(^ b(*(*n considered by comix'tent 
.scholars as containinn: .some minute observations 
which liave lx‘cn fully borne out by modern science. 
dfarffka (I,000-!K)() ha,) and Snsntfa (SOO-700 
lU’.) are the next two important and ontstandin*; 
contributions of Ilindn medicine and it will Ix^ 
worth while to e-onsid(*r tluMn a little more in detail. 
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The book of Stw'uta is divided into 6 se(;tioiis : 
(n) Sutra sthana, (/j) Nidaiia sthana, (c) Sarira 
stiiMiia, (d) (.Miikitsa sthana, (e) Kalpa stliauii) (/*) 
Ultara sthana. Ex(‘C])ting the 5th sovtion which 
deals fairly c'oiuprehensively with druKs, iKiisoiiings, 
and antidotes, Stfsntfa may be considered as a pure- 
ly surgical treatise. The author was essentially a 
surjreonaud (h'seribed sur«jery as “the first and the b(‘st 
of medical seienees, l(‘ss liable than any other to the 
fallacy of conj(;etnre and inferential practice, pure 
in itself, the worthy product of heaven”. Susriita 
certainly knew the importaneo of anatomy as the 
basis of surgery. 1 1 is description of ilOO bones and 
210 joints looks curious to tlie modern anatomist, yet 
it astounds oin‘ tt» s(‘e tlie <*-arefuliiess of the descrip- 
tions of SOUK! minute structures of the body. Susriita’s 
students were retiuir(‘d to dissect the human body 
and to r(‘port on tlie position of the various orj^ans 
with rcfereiKM* to th(! external surface of the body 
(surface anatomy). His kiKiwIedjre of obst<‘trics in 
jr(‘neral is (|uit(‘ satisfactory, ilis description of the 
menstrual cycl(‘, tin* state of the body durinji: this 
p(‘ih)d, and the r-ieanliness to be observasl at this 
lime seems (piite modern. The diet he prescribes 
for a nuaistruatin}^ woman is a V(‘ry calcium-rich 
diet and iiKHlcrn knowledge has shown that there i.s 
a j^ood deal of calcium loss from the system <!urin^ 
this ])eri<Kl. The descrijitions of the factors in- 
nuencinjf c<inception, llu! sta<>:(‘s of normal labour, 
and other details (d* a similar natun! are not 
very ditterent from modern id(‘as. The manajif*- 
ment of mu'inal d<*livery and tluj u.se of forc<‘])s f'^r 
the tr(‘atment of abnormal conditions ar(‘ intelli- 
t^ently described. 

Exc.ell(!nt ]>renatal and postnatal care was prac- 
tised, Mukhopadhyay in his .study of ne surj^ieal 
instruments of the Hindus has shown that no less 
than .127 suri^ical instruments are described by 
Su.sruta. Surj^ical oiM!ratit»ns were divided into 
many branches, c. jy., incision f)r cuttinji;, .scarification 
and inoculation, puncturing, probing, sounding, etc. 
All tho.se operations were performed by the “yant- 
ras” or blunt instruments and “sastras” or sharp 


instruments. »Susruta tell.s us that c.uttiug instru- 
ments should be of “bright, hand.some, polished metal, 
and sharp enough to divide a hair longitudinally”. 
The openiting room, according to him, sliould be 
clean and fumigated with disinfecting vapours licfonj 
and after all operacions. Tin* techni(|ue described 
for lithotomy, caesarean section, rhinoplasty, skin 
grafting, cataract couching, amputations, setting of 
fracture.s, reduction of Inu'iiia, (‘tc., is certainly ex- 
treni(‘ly instructive to any stiuhuit of modern surgiuy. 

[^(‘t us now s(!e what we tind in tlu; pages (»f 
f 7/0/7//, ri, which deals mainly with medicim*. The 
book is divided inU* (‘ight sections mor(! or less on 
the same pi'inciple ns follow(‘d in iSV/.sv/////. A 
.survey of these ehapt(>rs re\a*als a nuiiarkabh* tle.s- 
eription of the materia mediea as it was known t() 
the aneient Hindus. Charaka elassilusi drugs in the 
following manmu* : 

Drug Classification ( Charaka ) 

1. Vogrt.ililo 2. MiniTul 3. Aiiitn.al 

TuIutous ami Uullmii.s Roots ClicMuieals l.)rj;aJis 

Hark of Roots atid ia 

Bark of J.arge 'I'rccs Metals Dried form. 

Trees l*osHt‘H.sing Smell 

I.eav(‘S 

Blowers 

Bniils 

See. is 

Aeritl and Aslringtmt Vej^etablrs • 

Milky Plants 
i hulls and Resins 

It will be evident that the v(‘g<!table character 
of the mat(‘ria mediea is niost pronoiineed and it in- 
cludes about 2,0t)t) vegetable remetlies. Only a few 
mineral drugs and still fewer animal remedies an! 
cited. The soil, the season, and the gathering time 
of individual drugs of the vegidable kingdom arc 
inentioiH^d. Tin* ni(!thods of aduiiiii.it ration of drugs 
are fully described and bear a striking resemblance 
to tboso in use at tli(! present time ; even administra- 
tion of medicaments by inj(!etions has not failed to 
uttnict attention. (■hildren\s disea.ses have their 
.share of attention and preventive! nu'dieine — the 
‘keep-wolP rather than the get-well’ point of 
view -which is only a recent diwelopment of mo- 
dem medicine, ha.s been duly stres.sed. Natural and 
artificial feeding for the child i.s considered. The 
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proper foods to b(‘ the c*Ioth(‘s to be worn in 
different climatcjs, and the hour of sleep and rest are 
all mentioned. Dental hygiene and the utility of 
some sort of a brush to remove the food d(‘bris cling- 
ing between the teeth was fully appreciated. As 
pathology was entirely unknown, the diseases were 
studied from el i ideal symptoms only. The m(‘thods of 
palpation of tlic radial artery and interpretation of 
various chang(*s and their significance in disease are 
described. Following Charala and Su^ruta^ a 
number of other valuable books on medicine and 
surgery were published. These are mostly of the 
nature of ‘specialization books* and liave dealt with 
particular sections in more detail ac>cording to 
the individual cxperienc(‘s of the. authors, 'fhiis 
lihnghhnta deals with anatomy and dissection of 
the human body and ('halawlatta contains a 
special chapter on epidemics and their prevention. 
These books, however, may be generally considered 
as compilations from the two classical works- - 
Charakn and Sftsnfia. 

ft is not necessary to go into more details regard- 
ing the numerous evidences of the higli standard of 
nneient Hindu medical culture. The examples cited 
will amply prove that the ancient medicine of India 
was not based on pure emiiiricism but was permeated 
with a scicntifi(j spirit, a.s evidenced by a desire, 
by observation and cxpcriiiients, by induction and 
deduction, to probe the secrets of nature and to build 
thereon a rational system of medicine. 

Hindu Medicine and its Foreign Contacts 

From the time of Chtraka and Snsruta up to 
about 1,200 A.D., Hindu medicine had a very good 
progress and practically attained its highest deve- 
lopment. Available evidences clearly indicate that 
tlic knowledge of the Hindu physicians in the 
domain of drug therapy and toxicology at this 
period was far in advance of that of others. Snake- 
bite remedies were definitely known. Kven anaesthe- 
tics in some form or other were known as there 
is definite reference to an inhalation anaesthetic 
called ‘SammohinF. Towards the close of this 


period (about 1200 A.n.,) Ayurvedic medicine 
made its way far beyond the limits of India. The 
influence of Hindu medicine penetrated far and 
wide into Kgypt, Greece, and Rome, and moulded 
Arabic medicine also. Charaka^'s fame travelled into 
Arabia. Avicenna, the renowned writer on Arabic 
medicine, quotes him as Scirak, and Rhazes, who 
was prior to Avicenna, calls him Scarak. One 
of the earliest ot the Arabian authors, Herapion,' 
mentions Cliaraka by name as Zarch. In the 
eighth or ninth century a.d., Charakn was translat- 
ed and was well known in Arabia. Jacolliot 
remarked, “India, that immense and Inminons centre 
in olden times, was in constant comnmnication with 
all the people of Asia, and all the philosophers of 
antiquity wont there to study the science of life”. 
The early contacts rif India and (Miina are recorded 
in Rnddhistic works. MoreoviT, China exported to 
India turmeric, caiiii)hor, ciibcbs, alum, arsenic, 
orpiment, glue, etc. From Rombay, thcu'c were 
imported Arabian fraiikineeiisc*, ])atehnek, rose 
malocH, etc. These eontai'ts still continue, and they 
reflcc't centuries of trade and contaert b(*l ween the 
two countries. Accurate botanical identification of 
the vegetable drugs in India and (’hina shows tliat 
there were materials from about 211 identical 
sources. There is also evidence to show that an 
external trade in Indian drugs existed between 
India and Rome many centuries ago. In the days 
of Pliny, this drug trade assumed such cnorinons 
proportions that ho actually complained • of the 
heavy drain of Roman gold to India in buying costly 
drugs and aromatic spices. There is reason to 
believe that many Greek philosopher.s like 
Paracelsus, Hii)poerate.s, and Pythagoras actually 
visited the East and helped in the transmission of 
Hindu culture to their own countries. 

Decay of Indian Medicine and the Rich Heritage 
of a Combined Materia Medica 

After this period, however, the glories of Hindu 
medicine nqiidly declined. During the invasion of 
India by the Greeks, Scythians, and Mohammedans 
.succesively, a good deal of the existing Ayurvedic 
Htemtiire was mutilated or lost. Various branches 
of medicine passed into the hands of priests, and 
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drugs nrid herbs gave way to cliartns atid aiuulet<4. 
The knowledge contained in Ay nr rain and other 
siiuihir books began to be considered inspired and 
incapable of iniprovenient by the ingenuity of man. 
The study of surgery and the touching of the dead 
body were considered sinful and dirty w'ork. The 
dissection of dea<l bodies being discontinued, 
advancement in anatomical and surgical knowledge 
naturally declined. The Jbiddhistic doctrine of 
Ahimsn added the last straw. With the advent 
of the Muslim (‘on(|U(‘rors, Arabic system of 
treatment (Mnani-Tibbi system) becann^ the Stsite 
system of relief and the Hindu system was pushed 
to the background. Most of the original literatures 
and records werc! lost, but it was imt altogether a 
curse. During the contact b(‘tween the old Hindu 
medicine and the Arabian medicine, which by the 
way was already fairly W(^ll developed, tli(*re was 
a great deal of intermingling and each utilized the 
materia im'diea of the other. With the advent t»f 
Kuropeaiis the detdiiu? was still further marked. 
Whatever now exists is in a highly chaotic condition 
and is a conglomeration of the various foreign 
influences around the original core. Though the 
system is very greatly mutilat(’d and is now beyond 
recognition from its original form, a rich store of 
condiined materia mediea is left behind. Thi.s is 
a veritable mine of knowledge and will undoubt- 
edly repay careful study and critical analysis. 

Debt of Modern Medicine to Ancient Materia 
Mediea 

The credit of directing the attention of the 
medical profession and tin* public at large to their 
ancient .sy.stcins of medi(ane, particularly its materia 
mediea, re.sts primarily with certain Western scho- 
lars interested in oriental studies. The more chemi- 
(!al side of it has been explored cxt(!usively by Sir 
P. C. Kay ill his well-known History of Hindu 
Chemistry, There seems little doubt that out of the 
large number of drugs used by the Hindu physicians 
for centuries past and still in use, there arc many 
that deserve tlie reputation th(*y have earned as 
cures. It is true that empiricism and superstition 


are intimately mixed with some descriptions, but. one 
cannot but give the ancient physhians credit for some 
keen observations. Such an observation wIkmi con- 
firmed by modern science becomes a sound principle. 
An example of this kind can be found in the pre- 
vention of smallpox in civilized countries. It is 
true that hMward denner Il7flfl) was the dis<'.overer 
of vac(ination but the observation that the inocula- 
tion of eowpox debris (jonters immunity against 
smallpox was previously known to the Indians and 
other orientals and also Huro|)eans, especially among 
milkmaids. It was from the milkmaids that denner 
obtained tin* information, then eonc(*ived the idea 
of va<*cination, and finally achieved his discovery. 
Witlna-ing’s discovery of digitalis and the discovery 
of ergot are instances of knowledge being derived 
from folklore, in fact, some of our most impoi*tant 
remedies to-day like cinchona bark, ipecacuanha, 
coco:i leaves, opium, coflee, mix vomii^a, hemp, 
datura, (‘t(!., are d(*rived from folklore and (‘lupirical 
indigenous medicine. Tt is thus evident that modern 
medicine still owes much to tln^ people of the pa.st 
for the aeiaimulated knowledge of many rmnedies 
and cures, A thorough investigation into some of 
the ancient medii'al sysUmis is th(*refor(! well worth 
taking up. 

Difficulties of Modern Therapeutic Research 

The question now arises as to what is the best 
way of achieving such an object. The subject of 
revival of the old medical systems in India has en- 
tailed considerable divergence of opinion even among 
the learned exponents of the indigenous systems. 
There is a school of thought, which favours the 
wholesale revival of the old systcm.s with all their 
para|)hernalia of superstition and folklore, thus to 
bring back to suffering humanity in the 20th century 
the true teaching of Susruta and Charaka in all their 
pristine glories. There are others, however, who are 
more open-minded and critical and are keen only to 
receive those teachings and observations which have 
stood the te.st of time and are found of value as judged 
by modern science. Our knowledge of pathology and 
pharmacology has increased during the several 
thousand years that intervened lietween the origin 
of Aynrveihi, for instance, and modern science, and 
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WO now know iimny of i\\o idons wliioli formed 
the mainstiiy of t}i(> old Hindu in(>dieal practieo are no 
loiijTor tf‘nal)I(‘. "riie revival hi Av/oof the old systems 
of medi(‘iiie which have remaim'd stat^nant for siit^h :i 
lonj; period and (o hold them up before the modern 
generation is not lik(‘ly'to meet with great suet*ess. 
I 'ldess there is a seientitie background behind a t>nr- 
tieiilar remedy, its aee(*pt!im‘e and use cannot be assur- 
ed. Tn any suecessfnl schcnK; of revival of the old 
Hindu medicine, one of the chief problems which 
suggest themselves is a thorough investigation and 
empiiry, along modern seientilie lines, into the rich 
field of the indigenous inatcu’ia inediea. This is likely 
to lead to some tangible results. 

Let us now sc(‘ how this can b<‘ done. The field 
for research in Indian indigenous drugs is obviously 
a vast one, but the work is not easy as may be 
sometimes imagined. Since the period of decay, 
many of the (‘Heetiv(i remedies have b(‘en lost, and a 
number of uncertain ones have come in without any 
satisfactory (‘videiie.e; The result is that in the 
indigenous sy.stejri at the present time, almost every 
])lant and .shrub growing in the country has some 
inedieiniii Virtue a.'^eril)ed to it. 'Po bring order into 
. diaotic 'state of alfairs is truly a Ibu’cnlean 
taskiV*^^ would constitute th(‘ life-long work of 
innuifierable scientists. No one is (pialified to un- 
dertake the task single-handed. Few institutions 
are properly prepared to do .so. The hhtififieafifm 
of f/ntifs is a prin/r diffintlfy. 1''he eharneter of 
the historical traditions is too hazy, and too many 
changes in terminology have taken i)Iaee during the 
eenturies to give the seientifie aeenracy needed. 
Many of the remedi(*s mentioned in tin* old bi)oks 
defy both reeogiiition and ideiititieation, and 
oin* cannot bo eertain from the de.scription whether 
the spe<*iiiH*ns obtained are of the particular drug 
described. The rhanirnl aitalysis is ihe next im- 
portant step, M<*dieine is now intimately related to 
c?h(imistry and the solution of most problems, 
whether physioh^gh'al nr biological, rests on some 
idiysical or ehemieal basis. The eo-operatioii of 
eompeteut chemists at ev(*ry stage of drug research 
is the only key to success. Nejii mines the pharma- 


mlogienl evaliinttou. The pharmacological apprai- 
sal of new drugs is a difficult task and should not 
be attempted by an amateur. The ]>harinac()logist 
must possess a keen sense of the different kinds of 
effects that various types of eh(*mieals have on 
living tissue. lie should be able to eoiiduet a 
tlmroiigh and reliable toxicological testing of the 
different members of a series of eoni])onnds. No 
drug, whose tonic ])roperties are not well known, 
can be ii^ed in human beings. The minimal lethal 
dose (killing three animals out of five) depends on 
many factors among which are (a) species, fh) 
eomlition of animal, (c) solvent and coneentration, 
and (ft) mode and rate of administration. It takes 
considerable experience to control these variables in 
cu'der to arrive at sound estimates. After all these 
tedious ju’oeosses are gom^ through, which may take 
months and perhaps years, the rtinieian iritt hare to 
tend his hetping hrnfd fnr the fiinit sotntinn in his 
hands lies tin* acid t(‘st of all laboratory endeavoiu’s. 
The most promising laboratory achievements have 
often come to naught in tin* hand of the (‘linieian. 
The introdiietion of a worthwliib* new medicinal 
agent from the claims of the indigenous materia, 
niediea, therefore, ?’e((iiires the close eo-operation fd’ 
four distinct fypc's of seientifie endeavour. The 
following programme will indicate (*learly the inter- 
relationships which should exist in th(‘ critical 
evaluation of a drug (L(‘ake, 

Need for Co-ordinatsd Drug Research 

ft will thus be se(*n that a ‘t(‘am-work^ carried 
on! by botanists, eluMuists pharmacologists, toxi<*olo- 
gists, and clinicians, with w<‘ll-ecjnipp(‘d ])hysiologi<*al 
laboratories jiiid special resear(*h hospitals, is 
necessary befon* any satisfactory progress can bo 
achieved. None existed in fiidia to enable anybody 
to take np the probleni.s along ])roper lines. 
Admirable attempts were made by i)ioneer workers 
to investigate tin* claims of Indian materia medica 
but their efforts had to be confined mostly to simple, 
ehernn’al analysi.s and nneontroll(*d clinical trials. 
Chemistry, physiology, and clinical medicine were 
in a very rudimentary condition up to the eighties 
of the last century, and the knowledge of the earlier 
workers was naturally not sufficient to enable them 
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to take up ])rol)I(*iiis in lini^ resen reli, wliieh calls 
for the most iip4o-(lnte t<‘ehiiii|iie and nir'thods. 
Ill 11)2.% a unit on the principles mentioned above 
was set up in the Calentta School of Tropical 
Medicine under the Kuidanee of nt-(^>l. U. N. 
Cliopra, and tlie unit was (Mitrnst(‘d to inv(‘stiy:at(; 
the claims of Indian medicine from the modern 
viewpoint. It will be of iiit(‘r(*st to know the 
direction alonj^ which this empiiry has been conduct- 
ed dnrinjj the last Ueca<l<‘. 

The problem was taken n[) from two main anjih's. 

1. To investijrate the possibility of ntili/ation of 
idiarniacopoeial and allied drnjr.s ^r^)^vin^r in India 
in place of the ofVnaal omvs m<Mi(ion(>d in the 
llritish Pharmacopoeia and the rnilid Slat<*s 
I^harmacopocMa. 

2. To invest ijxatt! tlu‘ remedies used in the 
indiji;<‘nons mat<*ria mcdica which have an establish- 
ed r<‘putation, on strictly scientide and cxpcrinicntal 
lines, in ord(T to assess lh(‘ir real valm*. 

The first proposition is likely to lead to {rn.jit 
results because nhnns! nU ihe phurnHiritpitridl dnujs 
and Hair snhslifttfrs (jroir irih! am! in (jreat a/nnt- 
tiainr in India, Thasv lhaf d(f inti tjrnn' ran hr ntsilif 
made, to ijran' in s<nne parts of India, as India 
has y:ot a wonderful variety of climate and soil. 
These plants or their substitut<*s cannot (irdiiiarily be 
u-^ed, as no standard work has Ix'cii carried out 
with rejrard to the p(‘rccMitajre composition of tluMi* 
active principles in t.(‘rnis of the otlicial standard, 
liiiless such work is done it can hardly bt; expected 
that they will be taken into use by the nie<li<*al 
prof(‘ssion in place of more (*ertain and tried 
remedies. In this parti<*ular tieid, much has been 
aceomplished within a comparatively short time in 
India. Tims Digitalis pnrpnrcn thrown in Kashmir 
has been found to have full therapeutic value and 
ean coin])are very favourably with the imported 
h‘af. The tinctures and otlua' pharmacopoeial 
preimrations are properly assayed biological ly before 
they are allowed to be sold in the market. Kxeelleiit 
santonin can be prepared both from Wrieinisin 
nnnftinm' and 'Artemisia hrcvifolkd jrrowinjff in 


the North Himalayas. Tprrarnanha jrrowin«r in 
Darjeelinj^ and Hurma <i:ives a j^oocl yield f»f em(*line 
which satisfies all the pharmacopoeial tests. 
Vaterian, Aron if e, Podopinjtinni, Mrntha. lltjo- 
Sryainns, Ifetladotma, of Indian orijrin, arc all up 
to and sometimes better than plianmicopoeial 
standards. Cotrhirnni I a tram of India is an 
excellent substitute for (\ anfftnnndr, sriltti Indira 
for N. tnarifiina, Frrnla. narthvx for Asa fort ida, 
Pirrasintf qnassioidrs for I\ r\'rclsa and Urn liana 
karroo lor U. In tea. Indian I0ph(*dras hav(‘ been 
lonnd in many instanc<‘s as jirood as tin* best (’hiiiesi* 
Kphedras. 

1'hcse results jire very valuable in poor countries 
lik(‘ India where th(‘ medu'al ami public health 
biid*j(‘t is ridicMihmsly limited, (‘om|)ar('d with that 
of other civili/«‘d countri(‘s. 'I'he confkh'uce of the 
medical profession is jrradually beinj; created for 
the local plant iirodiicts Indian manufacturers are 
now tuf^ani/injj: for fh«‘ exiiloitation of these re- 
sources and onc(‘ the w 1 h *(‘1 is set t^oiny;, the er>st of 
medicines W(»uld lx* enormously n‘duccd, enabling: flu* 
JXMU* masses to f^et the benefit of modern meilicam*. 
It sounds <jiM‘c‘r but neviTf hel(‘ss it is true that 
thoiijirh India is the lioim* of Snx Vomira and tra, 
stilt tto sh grhninr or raffrinr is prodnrrd in India. 

Th(^ second proposition of populari/.injj: and intro- 
ducinyr n(*w dnnrs from tlx* claims of Hindu medicine 
has not yi(‘lded v<*ry satisfactory results so far. 
'riicre is such an enormous field and so little has 
IxM'ii done that no definite statement (‘ither on the 
posit iv«^ or nejxativ(‘ sidi‘ can justifiably be made. 
A few im|)ortant medicinal plants and one or two 
mineral rcmcdi(*sof outstanding n'putation hav(' been 
carefully iiiv(*stijrat(*d from all vi(‘wi)oints. Their 
cixanical composition has been d(‘t<‘rmined, the 
phariiiaCf)lo^icaI action of the active priuci])Ies and 
the toxicity tests hav(‘ been worked out by animal 
experimentation, and finally, suitable preparations 
made from tin* dru{; have* b(‘en t(*st(‘d on paticMits 
ill hospital. This trork has hnntghf into prominanre 
the merits and (ptalifics itf re r fa in drng.s and have 
shoivn that these n iti form ratnahte additions to 
the armnmenhfrinm of the physiriatts, if hrnnghf 
into general use. Sucii drills, unfortunately, are not 
many. A few .showed certain amount of therapeutic 
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activity, not superior to Unit of the drugs already 
coiitain(‘d in tlie plnirinae-opoeias. No ei)0(‘h-inaking 
discoveries havi* thus far l)(*eii made. It has also 
shtnrtt rlrarhj life wnrlhlfissaess of qaile n larqe 
nmnher of Ihc so-ralfnl "'mres^' of llw iatUgemms 
mtleria nmlira. Disappointments liave been the 
i’(?sults in the large* majority of eases, but the situa- 
tion must have* to be* faced. Only systematic work 
in well-eejuipped laborah>rie?s and by well-qualified 
workers <*an r»*me)V<5 the ohaff and bring to light the 
real teachings of the Hindu medicine. 

Research in Ancient Hindu Materia Medica — 

A Promising Field 

It may lx* emphasiy.(*d that there is hardly any 
truth in the c>rt-repeated statement that tluTO is 
nothing worth while in the ancient Indian medieiiie, 
simply Ix'cause empirieism and superstition form 
such a large part of it. We must not forget that 
these ancient jieople were fae(*d, as we are to-day, 
with the sanx* life-and-death struggle with natural 
enemies and advc'rse environmental conditions, and 
th(? very fact that th(‘y survivixi the ravages of 
epidemics and diseases is a proof that they must 
have? adopted definite measures to fight against them. 
A system which hius survived to such an extent the 
dcstrm'tive iiiHuenee of time and a system which 
is still a living system in many parts of India 
cannot entirely be brUvshed aside as unscientific. 
According t(» Dr Hugh 8. Cummings, the president 
of th(* n. S. Pharmacopoeia (.\)mmission, “any 
system of medicine or for that matter, any ancient 
usage, or custom that has held its own for genera- 
tions usually has something at the back of it, no 
matter how litth* it appears to bo supported by 
modern science. Por generations the fact that the 
American Indian hunters always chose the diver 
and the whitem(*n the meat, when the animals they 
trapped or killed were divided, was quoteil .as [iroof 
of their ignorance and primitive development, yet 
in the last 5 years, the great nutritive value of liver 
•has come to l)e recognized and is universally pres- 
cribed in cases of ana(*mia.” Further, scientific and 
well-controlled investigations have on more than 


one occasion proved that at least some of these 
remedies richly deserve the reputation they have 
earned as cures. A very convimang example in 
.support of this statement is the rediscovery of 
h^phedrine fi*om the ancient Chinese materia medica 
of 4,000 years ago. True, there have crept in, 
during the passage of ccnturi(»s, many things with 
doubtful utility and question.abh* value, but it may 
be confidently ho|»ed that if passed through the 
scicntifii* machine, the useless things will be com- 
pletely eliminated. As has been aptly des<*ribed by 
Prof. Head in one of his (lapers, “Modern Science 
is like a furna(*e through which w<i ne(‘<l not fear to 
put out precious lore. The rubbish will be burnt 
up but the purified and glistening treasure will 
remain.’’ Tlx* lield for research is a vast one .and 
no single iixlividnal or single institution can cope 
with it satisfactorily. Pion(*er work has been done 
both in India and (Miina, tlx* (*ountries with the 
richest lore, but a great d(*jd more is left behind. 
What is requin*d is a well -organized team-work 
among botanists, chemists, pharmacologists, toxi- 
cologists and clinicians all over the w()rld in a joint 
endeavour to find the truth. Mod(*rn nx*dicine is a 
universal system. Distinctions are often drawn 
between the Western system of nx‘dicine, the Indian 
medicine, the Chinese medicine, and so on. Medicine 
has no limits and boundaries. Modern medicine is 
.as remote from Western systems like allo|>athy, 
homeopathy, osteopathy and chinqiraxis .as it is 
from Chines(‘ and Indian systems of m(*dicine. It 
is a curious blend of information where side by 
side with the most up-to-date chemotherapeutic and 
synthetic remedies, there are the century-old reme- 
dies from all over the globe- opium, mix vomica, 
hemp, datura, many spices, mercury, etc., from 
Itxlia, cinchona from Peru, ipecacuanlia from 
Brazil, strophanthus or kombe an’ow poison from 
Africa, coffee from Arabia, digitalis from Oreat 
Britain, eoeoa leaves from Peru, antimony from 
Greece, arxl a host of others from various sources. 
Modern medicine man is a seeker after truth and 
his duty is to pick up the best from every system, 
whether it is emanating from India, China, or any 
other part of the world, and to knit all the experi- 
ence together in freeing humanity at large from “the 
sufferings which flesh is lieir to”. 
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Mineral Nutrition in Agriculture 
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With the reinsirkable series of discoveries regarding; 
the constitution of matter in the 18th Ontnry, the 
science of chemistry was appli('d on a true and 
accurate basis in the development of agriculture. 
4^he admirable work of do. Saussure established the 
fact that plants obtained their carbon mainly from 
(!arbon dioxide of air rather than from soil. Rprengel 
was studying the ash contituents of the filants which 
he assumed to be of distinct importance in agricul- 
ture. Ikiussingault was working on i)ot experi- 
ments to show which of the elements in tin* plants 
were derived from tin? soil which were essential to 
the growth of plant.s. Schrnbler was working on 
the principles of s(»il ]>hysics. It was not until 
Liebig^s classical work, ('Itemisfry in its nppfiralion- 
to Ayricntfnre amt Physinlnyy, was published in 
1810 that any very serious consideration was given 
to the study of soil in its rr‘latioM to crop ])roduc- 
tion. He pointed out that elements such as nitrogen, 
potash, lime, and other sid)stanees were essential to 
the growth of plants. 

The bulk of the ])lant is com])osed of carbon, 
oxygen, hydrogen, and nitrog<*n, which in an infinite 
number of combinations form almost all the oi'ganic 
eompJMinds of the plant. With tlu* spread of the 
knowledg(* of the fuiietion of plant organs, tlie 
importance of other elements was known. Of all 
tin* mineral elements that have been investigated 
in the ash analysis of plants, potassium, phosphorus, 
nitrogen, calcium, manganese, magnesium, iron, and 
sulphur arc considered to be of paramount import- 
ance in the growth and yield of the crop.s. Rome, 
of these elements arc responsible as catalysts for the 
(ihemical reactions bc'tween the organic compounds 
uf carbon, hydrogen, and oxygen, and for tlnwe 
reasons mere trace.s sullicc, while others function in 
building up plant substances. Nitrogen, potasium and 
phosphorus are included in the latter and are required 


in such large quantities that in agrieuitural practice 
they are usually ad<led to soil as artilicial fertilizers 
in order to obtain a good yield of <*rops. '^Fhe ns(* of 
artificial fertilizer was first att(Mnpted by Liebig and 
he introduced a patent manure, b:is(‘d u])on thechemi- 
cal composition of the natural guanos but made u]) 
of prepared salts, which he ollered as a complete and 
satisfactory fertilizta* for all crops and for all soils. 
This patented fertilizer failed to nu'ct his expect- 
ations and was abandoned. 

In nearly tin* middle of tin; l!llh Cent nry Sir .lolin 
Lawes and Sir Henry (jilbert (‘stablished the famous 
tilot exp(‘riments :it th(> Kothamst(‘(l Kxp(‘]‘imcntal 
Station, England, to determine the eiVieieiiey of 
various (‘omjiounds in increasing th(‘ growth of 
crops ; and by field trial the (‘tliciency cd’ the chemi- 
cal manuring was established a(.rording to the 
nature rd’ the seal. Since IS.VJ fadd exp(‘riments 
are being continiietl there year aft(T year on the 
same ground, manured with the same substances 
and sown always with the same crops ; and c?vcii 
now after 85 years (d‘ eheniical manuring these 
plots continue to prodiu*e good crops. In the 
problems of nutrition the function of the elements, 
potassium, phosphorus, and nitrogi'U, as chemical 
fertilizers in the gn)Wth, yield and physiological 
processes of plants, will be bri(‘tly discussed in the 
present article. 

Potassium (K) 

Potassium is abundant in the regions of active 
growth. Chemical analysis of the. corn plant at 
maturity shows that 15 % of potassium in plant 
is hxiated in the leaves, 82% in the stem and the 
rest in the grains and roots. The high percentage of 
liotassium in the growing n^gions is attributtid to 
the merLstematic activity of the cell and t<» the 
active ])rotein synthesis that is going on in these 
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regions. Pljuits ^oncnilly absorb iiiorj^atiic coiii- 
lK>iin(ls of i)f)tasssiiim Iroiii tin* soil and as a ooni- 
iiiorcial foHillizcr |iotassinin siilpliato is jr(.n(?rally 
used. Tht* application of Iv-fcrtilizcr depends on 
the nitro^cMi eontent of the soil ; tin* hvo nnirieiits 
are intimately linked tofrether in tlam* aetbm. 
Ibider small supplies «>f nitr()y;(*n on all tyf)es of 
soil K-starvation results in the ashy-y:roy colour 
and stunted y:rowtli of the plants, the h»aves die 
f)rematnr(*ly, death is first nf»tieed at the tips and 
then pnK*eedlii<^ aloii*; tin* ont<*r edjrcs. 'fhe fruit 
and sr'<*d become small in ipiaiitity. si/e, and weijrht. 
Iv-fertilizer in these soils is found to act w<‘ll 
on all crops. The soil wilh an ami>le supply of 
nitr<>}jj(‘n ])nt ilelicient in potassium is resp(msible 
for the lar^e growth of h'aves, but the latter be- 
come inellieient in metab«»lic activiti(‘s as the carbo- 
hydrate metabolism is reduced. On account of 
increased nitrojyen supply from the soil, a coiishhu*- 
able u|)talv<‘ of nitrogen r(‘sults with less synthesis 
of carbon compounds, 'rims the carbon-nitrojjen 
ratio (C/N), the eftert of which is to rcj^iilate the 
vey:ctative and reproductive' yjrowth. b(‘(‘om(*s un- 
balanced. As a result of this many und(‘sir.‘d)le 
ctfects are notii'cd ; tin' pow<‘r of the jdants to 
resist diseases is diminished. In the Rothamsted 
Kxperimental Stathm in plots rccicvin<; ex<*ess of 
uitroj^en but no potash, wheat is attacked by rust, 
mantjolds by a black bacterial blotch, but plots 
adequately supplied with K- fertilizer reduces tin* 
ehanevs (»f tomato beinjx attected by streak disease 
and blotchy ripeninjj:, an<l potato or youujj; oranv:e 
trees by brown patches. The addition of sullicieiit 
K-lcrtilizer in these plots has considerably increased 
the power of disease resistance. The reason is 
found to b(i the increase c)f the m*t prodm*tion 
of sugar and starch in th<* leaf and thus tlio (VN 
ratio is brought to a normal value which is dis- 
turbed by an <‘X(M‘ssive uptake of nitrogen. Respi- 
ration increa:-.es markedly under K-d(*licioncy, 
while assimilation or carbohydrate synthesis is 
giN^atly reduced. The m;t result of tin? two processes 
in the life-history of the plant tends to decrease 
thf3 earbon compounds without alVecting the total 
nitrogen. 


.M though potassium has no part in tin; coiKstitu- 
tkin of carbohydrate, yet the plant s(?ems to be unable 
to combine carbon, hydrogen, and oxygen into car- 
bohydrate products except in the presence of K-salts. 
No dt'liniUi conclusion is reached as to the way 
K-starvation inti'rferes with earbon synthesis, but 
a suggestion ((iri'gory) has been made that the 
chi(*f action of potassium is to determine the rat(» 
at which earbon .dioxide diiruses through the cell to 
the chloro()last surface. The other vi(*w (Loew) 
is its superiority as a comhuising agent, the carbo- 
hydralt* synthesis being considered as a process of 
condensation, 'riie suggestion is drawn from instaii- 
c(‘s in org;inic cla-mis(ry where condensation process 
takes plac(* only in tin* presenc(} of potassium or 
itiuch more readily than with related elcnuaits. Tin* 
cllect of K-defi(‘iency in the nMluction of carbohy 
drat(i production is noticed even before any dimi- 
nuthin in the vt'getative growth of leaves and stems 
can be olxa veil. As the c.irbohydrate sup])ly is 
limited under K-(l(‘ficiency !i very poor il(‘vel(>i)ment 
in mechanical tissiu' dm* to the lack of r<*serv(* 
<*arl)ohydrate supply is noticed, h'or the i)oor d(‘V('- 
lopment of m(‘chanical tissm* grass(*s umhu' jiotas- 
siiini starvation do not stand up well. Potassium 
salts lacilitate th(‘ entry of w'.iter into the plant. In 
c(dd, sunless s(‘ason transpiration is le.ss coiiM'ipient- 
ly less uptake of nutrients ; under these* conditions 
tin* cllect of K-lertiliz(‘r is to facilitate* tin* entry of 
water-carrying nutrients. On the olh(*r hand K- 
<h*ficient plants act well nc'h*r bright sunshine wdien 
W'ater conduction is more aetiv(*. Plants grown in 
.‘I soil containing prop(*r amount of K-fertili/er are 
found to b(* less allected by wide variations of water 
supply, while without potassium they are much more 
s<*iisitiv(‘. In tin* process of rip(*ning K-fertiIi/.er 
helps in increasing tin* wcu’ght and rpiality of the 
grain. Plants ditler in e-onsideral)h* degrees in their 
response to K-f(*rtiiizer ; the (piantity to be adtled 
to the soil depends on the nature of the erops tiiat 
are being grown. It has been shown that wheat, 
<»!it, rye and e;uTot .are .satisfied with a small suiq)ly 
of potassium salts, wliile barley, potato and cabbage 
require a medium supply ; and onion and tomato a 
large amount. 

Phosphorus in plants occurs in greater amounts 
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ill the Roods and fruits ; more than 50% is in the 
cobs and grains. The anioiint of phosphorus found 
in plant tissue will depend upon the amount present 
in the soil ; and it has been shown that up to a 
certain point the ])roduetion of plant substance 
increases with the phosphorus supply, but beyond 
this, phosphorus is not utilized in an increased plant 
growth. The phosphate absorbed remains unmetji- 
bolized in inorganic form and sometimes leads to 
phosphate poisoning. The crop yield is depressed by 
an excessive supply of ])hosphorus. On phosphorus 
nutrition Ilussel writes ; “'riie relation between 
phosphate supply and phosphate content of the crops 
is of great practi(*fil importance*. Over large areas 
of the world soils an* d(*licient in phosphate and (he 
herbage they carry is therefore also deficient so 
much so that it may fail to supply grazing animals 
with ail phosphorus they need. The animals then 
sutler from a defici<‘ncy disease which may be very 
serious. The animals devour boiu's with great avidity, 
even putrefying bones, and so they become further 
liable to ptomaine poisoning. Tin* r(‘medy is to treat 
the land with superpho.sphate or, if this is too costly, 
to supply the animals with bone mear\ Super- 
phosphates are generally us(*d as phos])hate fertilizer. 
The application of phosphorus promotes root form- 
ation. In the dry regions the rapid growth of 
roots down into the deeper l.iyers compensates the 
scarcity of water supply in the surface soil. Phos- 
phate dr(!ssings an; used for root crop like turnips, 
mangolds. Tii the absence of phosphorus the roots 
do not swell but remain permanently dwarfed, and 
their market value is greatly diminished. P-fertilizer 
also induces earlier ripening of the grain crops, 
cabbage and cotton, etc., growing on soils low in 
])hosphorus; for this reason they are ap|>licd to crops 
reipiiring early maturity in order to avoid the risk of 
loss by bad weathers. By hastening the ripening 
])rocess the leaves of barley or other such plants could 
be made free from the larval attack of some insects, 
the eggs of which lying in the top of the topmost 
leaf hatch late in the season and then proceed down- 
wards towania the head for food. Increasing the 
rate of application, however, above the neeiis of 
the crop does not help it to ripen earlier. It 


is generally the first few weeks that the crop plants 
take up sufficient phospliate for full normal growth. 
Supply of the fertilizer later than this period in a 
defii'ient soil is not always very elective. Plants 
grown under phos[)horus .starvation are characterized 
by the dark-dull-green leaves and a reduced number 
of tilh‘is. Cereals sufiering from P-starvation have 
a stunted root-system, especially in their early days, 
and oven more stunted leaf and stem. IVitassium 
starvation depresses tillers causing a decrease in 
the total number of tillers aud tin* number of tillers 
bearing seeds. Similar stunting of the root, shoot, 
and leaf is .seen in phosphorus-starved fruit-trees. 
The efiei*t is al.so exhibited in depressing the yield 
of .straw and of graiii.s. 

The relation b(*twcen phosphorus supply and the 
rate of respiration has bc‘en known for a long time. 
The part played by phosphorus is considered to lead 
to tin* esterification of sugar for carbon dioxide 
production. P-d(*ficiency is accompanied by low car- 
bon dioxide production and thus the energy liberated 
is small in the regions of active .synthesis (leaves). 
In the internal compo.sition of plant substances, the 
effect of starvation is very remarkable. The detail- 
ed investigations of Gregory and his collaborators in 
the Uothamsted Kxperimental Station have brought 
out the importance* of pho.sphorus in the carbo- 
hydrate and nitrogen metabeilism of barley. In pho.s- 
phorus starvation the carbohydrate and nitrogen 
metabolisms are .seriously impaired, the syntheses of 
protein and sucrose arc inhibited, and there results an 
accumulation of reducing sugars and of amides. The 
ae'cumulation of the.se simpler compounds of carbon 
and nitrogen occurs j)reci.sely at the same stage of the 
plant. Simultaneously at this time the symptoms of 
jihosphorus starvation are noticed in the leaves. 
The work continued further by the present author in 
the .same institute has shown that the protein .synthe- 
sis could be revived wh(*n phosphorus was .supplied 
to the starved leaves. Phosiihorus wa.s found to be 
neces.sary for the conversion of amide to protein. 
It was ahso ])ointed out that a close relationship 
between carbohydrate; and nitrog(*n metabolism and 
its deiiendence on phosphorus is established. Pho.s- 
phorus is also n(*cessary for the formation of lecithin. 
In its absence the formation of lecithin docs not 


163 


Yol. III. No. S 
SEPTEMBER 1037 



MINERAL NUTRITION IN AGRICULTURE 

occur and, as a consoriiiencc, there is an accumulation 
of fat ill the cells. 

Nitrogen (N) 

Nitrogen nutrition is responsible for protein 
metabolism. Supply of nitrogen below a ccrtsiin 
level reduces considerably the pn)tein content, while 
an increased supply above the normal requirement 
docs not lead to an imn'cased protein synthesis. It 
is absorbed by the roots in the form of either 
nitrates or ainmoniuin salts. Atmospheric nitrogen 
is made us(j of by the leguminous plants with the 
hel() of symbiotic relationship of micro-organisms 
in the soil and the roots of legumes. Some non- 
Icguniinons plants, ciicurbita pepo, wheat and barley 
are reported to have assimilat(*d atmospheric nitro- 
gen without the aid of symbiotic micro-organisms. 

Before nitrogen is metabolized to protein a series 
of complex reactions occur. It is assumed that the 
availability of ammonia ion to the synthetic organ 
is the starting point of protein synthesis from 
simpler inorganic compounds. Nitrates before 
entering into protein composition are converted to 
ammonia, which is really the true nutrient. In 
agricultural practice nitrates an? commonly used in 
preference to ammonium salts. Tha relative values 
of nitrates and ammonium salts in plant nutrition 
depend on two iinporfcint factors, nanujly, the 
hydrogen-ion concentration of the medium, whether 
it be a nutrient solution or the soil, and the amount 
of carbohydrates present in the ])lant. 

Plants absorb ammonia-ion from ammonium salts, 
leaving the acid radicle, which tends to increase 
the acidity of the medium and becomes toxic to the 
plant unless some balancing (nation is present in the 
soil or added in the form of fertilizer. Jn cases 
where nitrogen is added to the soil in tlie form of 
ammonia, it is the usual custom to furnish an extra 
supply of calcium or sodium or to investigate into 
the abundance of some cations in the soil to over- 
come the toxic effect. Absorption of nitrogen from 
sodium or calcium nitrate leaves no toxic ion behind 
and, therefore, has no harmful effect. In some 


plants, however, the ammonium salts have a higher 
coefficient of utilization than nitrate salts. 
Rice is found to grow well and produce better 
yield when nitrogen is applied in the form of 
ammonium salts. 

In nitrogen metabolism asparagine plays an 
important role. It is regarded as the best inno- 
cuous store of the excess of ammonia for future 
use. It is synthesized when ammonia combines with 
the residues of carbohydrate-oxidation. Accordingly 
the rate at which ammonia could be utilized de- 
p<mds upon th(‘ quantity of carbohydrates i)rescnt 
in the plant. The plants like barley, maize, and 
rice, relatively rich in carbohydrate, readily take 
up ammonia to form a.sparagiiio and hence the 
supply of ammonium salts is an ellcctivc fertilizer. 
On the other hand, lupins containing a small carbohy- 
drate will not assimilate nitrogen from media 
containing ammonium salts even in |)reson(!0 of 
calcium salts. Ammonia absorbed remains un- 
coinbined and becomes toxic to the plant. 

The symptoms of nitrogen starvation are stunt- 
ing in growth and yellowish or reddish green colour 
of the leaf. Tlui yellowing and dying of the leaf 
are noticed all over the lc*af as distinct from the 
effect (>f pota.sh starvation where death of the leaf 
starts from the tii)s and proceeds downwards, finder 
nitrogen starvation the leaves are shed early and 
the fruits become coloured, the root system is n;- 
diicod and bc(iome.s a!mo.st entirely fibrous. Addi- 
tion of sodium or calcium nitnitc to a nitrogen- 
deficient plant revives the normal colour of the 
leaf and the incroa.sed height of the? plant. A 
large amount of nitrogen in the soil iiroduces a 
rank growth of foliage but retards the ripening 
process ; shrivelled grains and .seed.s .are the result. 
Plants, HH cabbage and lettuce, which are cultivated 
solely for the loaves, are benefited by an abundant 
supply of nitrogen, »JudiciaI application of nitrog<‘ii 
fertilizers improves the size of the leave.s and 
imparts tenderness and bright colour to the leaves, 
which have much market value. On the other 
haitd, the leaves supplied with an abundance of 
nitrogen develop very tliin-walled cells which make 
some plants more susceptible to fungus and iri.sect 
attack. Infection of wheat rust is known to spread 
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tlirougli the thin-walh‘d cc?lls under .siipniiioriual 
supply of nitrogen. A large supply of nitrogen 
prolongs the vegetative ])ha.se, the ripening 
])roeess or grain formation is very much retarded. 
The dilTieulty in cauliflower to form the edible 
inflorescence in the same soil having an abundance 
of nitrogen, where cabbage leaves are much bene- 
fited, is undoubtedly due to the differential effect 
of nitrogen supply in retarding the reprodii(‘tive 
phase of cauliflower and in the luxuriant growth 
of the leaves of the latter. An excessive* supply 
of nitrogen prolongs the vegetative phase of all 
cereal crops for a longer time, too much straw is 
])roduced which becomes com])aratively weak and 
is lodged by wind and rain. Similar unbalanced 
growth is exhibited in potatoes and tomatoes ; in 


Relativity Tested 

S. M. Siiluimun 

chief Juatici!. High Court. Allahabad. 

PuoFKSsou Albert Kinstein has frankly admitted 
that his Theory of Kelativity rests solely on three 
criferia : (// The advaiuie of the perihelion in 

planetary orbits, (//) the deflection of light from 
stars by iiie sun’s gravitational field, and (///) the 
displacement of spectral lines towards the red end 
t»f the spectrum, ‘‘//’o single one of the mnrinsions 
firawn from if {his theory) prores wrong, if mnsl 
he given np\ io moitify it withont destroying the 
whole strit^nrc seems to he ifnpossihte\^ According 
to the principle of General Relativity, the cause of 
the difference between solar and terrestrial wave- 
lengths is the slowing down of the atomic clock in 
the sun. This effect is, according to Kinstein, the 
same all over the sun’s surface with the result that 
the spectral shift should have the same value, no 
matter from what point on the sun^s surface the 

1. Relativity on Trial, ScIK^c« & Cui,turK, 2, 344, 1937. 


the former the tuber is proportionately less deve- 
loped than the leaf ; tomatoes under such condition 
produce too many leaves and too few fruits. 

Although these effects of nitrogen supply are 
very aiiparent, yet tin* plants to a cerUiin extent 
seem to adjust to the environmental condition. As 
mentioned befon?, C/N ratio is an important factor 
in growth processes, fn order to maintain a normal 
ratio, plants are found to accommodate in the soil 
by varying the area f)f the I(*af and changing the 
assimilation rate. In cases where soil contains an 
:d)undan(‘e of nitrogen it is d(;sirable to increase the 
potash supi>ly, thus increasing the efficiency of leaves 
to carbohydrate production. Rut wlum the soil has 
a very high percentage of nitrogen, potash addition 
is witlKMit any efiect to balance the C/N ratio and 
the harmful (dleets appear. 


light is received, /.c., at the centre or circumference 
or any point on the solar disc. 

According to the theory given by the present 
writer,- the sjiectral shift should vary rapidly from 
the centre to the edge, in acconlance with the formula 
/lA (I + sin*a) X Kinstiun’s value, where a is the 
angle between the line of sight and the radius of the 
sun. This formula makes the value of red shift 
of the edge of the sun double that at the centre 
and therefore double f»f the Einsteinian value. 

Previously, St. »John, in measuring the shifts at 
the edge, had made a rather curious selection of 
lines confining them mostly to the ultra-violet region, 
and altogether left out of account the entire range 
of the blue, the violet, and the red, and never 
measured the limb shifts in these regions. Neverthe- 
less, he observed a fairly large divergence from 

2. ibid, p. 345. 
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REUTIVITY TESTED 

Kinatoiii^s tlieorotiVal.vnliio at tlio cdgo and attrihiitod 
it to some unknown and iincxi)Iaincd “edgo ollect” ^ 

T)rJ. A. Evorshed^ had in 1923 felt no doubt 
that there was a ccinsiderable exe^^ss of red shift at 
the snn^a limb. Eiirther obs(*rvations *]n-ov<*d that 
“the high and low level lines which at tlie centre 
of the sun give very appreiuablo plus and minus 
residuals give nearly equal shifts near the limb. , . . 
The increase of wave-lengfh from the centre towards 
the limb becomes v(*ry rapid as the limb is approach- 
ed.” Later**^ he made careful measurements of the 
limb shift as the limb was approached. As pn*viously 
noticed by Freiindlich, Brunn, and Bruck^, he also 
conceded that mysterious large excess of shift at the 
limb could not b(' (*x))lained by simple (^)mpton scat- 
tering due to the long optical path from tlu* limb^ 
beeaiiso exactly the same (jxcess was shown by the 
spectra where the light does not traverse any portion 
of the chromosphere, and the lines are not widened as 
they are in limb spectra. In order to explain it as be- 
ing due to Doppler effect, he felt comi)elled to assume 
a recession at all points on the limb din'cted at all 
times away from the earth. But a su])posed repul- 
.sion from the earth at all points on the circum- 
ference of the solar disc was both objectionable and 
untenable. Ife gave certain curves for the difference 
betwe<*n the .spectral shifts at the edge and at the 
centre and arbitrarily imagined that the curves 
approached one, of which the ordinates are the vei’s- 
ed sine (/.c., l-(;osine) of the central distances. 
conqiari.son of his c.urv<*s will, however, show that, 
except for the middle, they follow the 
general trend of the ratio sin^«, where »sin« is the 
ab.scissa. Dr Evershed rightly concentrated atten- 
tion on the measures of limb and arc in tlie red 
region, where atmospheric seatt(‘ring is less than in 
the more refrangible part of the spectrum and found 
large values of tin* shift which were subsequently 
confirmed. His liiial conclusion was that *V// the 
r&t, the Ihtth efferi is nearly cgnal to the Kinstein 

3 . Astro- physical Jourval, 47 , 201 . 

4 . Monthly Notices, 96, 152 . 

5. Monthly Notices, 91, 200, 

0. Zeilschrift fUr Astrophyaik, J, 43. 


effect ; in other tvorda^ the shift (ft the timh is 
prolidhty egnat to the Kinstein effect mnttiptmt 
hy 

It was accordingly eagerly expected that at the 
last total solar eclip.se of June 19, 1939, excellent 
spectra would be obtaiiu'd giving the real values of 
the limb (‘ffeet freed from the effect of scattered 
light from the central part of the di.ee. Dr Royds, 
whose expedition to Japan had been fmanced by the 
(Jovernment of India, obtained excellent photo- 
graph.s, and his results were keenly awaited. These 
results were recently announced before a joint 
meeting of the Rr)yal Astronomi(‘al Society and the 
Royal Society of liondon. Three, im])ortant results 
certainly come out from his observations ^ 

(1) There is very little difference between the 
values of the .solar displacements derived from 
eclipse plates and those derived in full sunlight. 
This fact is of considerable importiince, as it will be 
a great encouragement to astronomers to make 
measurements of the spectral shifts of light from all 
jiarts of the solar disc, without waiting for any 
totid or annular cedipse. 

(2) I'here is decidedly a marked and progressive 
increase in th<* .shift from the centre towards the 
edge, atid thi.s is true for all levels and for lines of 
all intensity. This undoubt(Hl cireiirnstarice disproves 
the result in Relativity that the spectral shift 
should remain the .same all over the surface. Dr 
Royd.s, inste.ad of boldly saying that his results 
dclinit(?ly disprove the Relativity Theory, luis 
mildly remarked, “The explanation in terms of con- 
vection <*urrents for lines of dillerent intensities 
originating at different levels in the sun, which ))ad 
been riffered for the discrepancies at the centre of 
the .sun, could not hold for the limb, and the diver- 
gences from the predict(*d Kinstein di.^lacements 
have yet to be explained.’’ 

(.3) The exee.ss at the limb is decidedly so large 
as to be far b(*yond all possible errors of observa- 
tion, so that a .serious divergence from the Relativity 
value can no longer be disputed. 

7 Nature W, July 3, 1957, 11. 
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RELATIVITY TESTED 

Even excliulinju tlie correotioii rt»quir(Ml f(»r 
re(liicin{; the shift from air vacinim, Dr lioytls* 
eclipse observations give 


Intensify Centre Limit 

11.0 0.007(1 0.01 2(i 

5.2 0.008S 0.0151 

3.2 0.0058 0.0110 

Average 

value 6.40 0.0078 0.01.31 


These values show that the .shift at the e<lge is 
nearly donblo of that at the centre. 

Dr Royds had strangely enough omitted t(» 
introdnee an obvious and neee.s.sary eorreefion if 
wave-lengths in the vaennm were to be used. It was 
left to Dr Evershed to point out at the meeting that 
“to reduce his (Dr Royds’) shifts from an are in 

the air to an are in vacuo meant an increase of 

o 

0.003 A, and that with this correction the f/isplaee^ 
weni at the limh was Iwiee the prcflictctl Einstein 
Thus there has been tin* clearest c<»firm- 
ation of my formula and the shift at (ho limb is in 
eraef accordam;e with it. 

Dr Royds' full paper is not yet available and 
detailed comments must, therefore, be held over. 
Jt, however, appears from its summary (hat Dr Royds 
has curiously enough lunip(‘d togetlua* rays of (litler- 
ent wave-lengths, and presumably taken only their 
average value. It is well known that the red light 
is the lea.st .subje(;t to refrangibility and scattering. 
The eonditions of the .solar atmosphen* cannot be 
certain and are indciinitely known. 'Flic resiihs 
w^aild be of greater value if tlie etVcct in the red 
region wore closely and separately examined and 
not mixed up with that in the region of shorter 
wave-length. 

No doubt the average variation.s do not appear 
to be the same for the lines of different I intensities. 
Rut it must be remembered that different intensities 
imply different levels from which light comes, the 
weaker lines coming from the deeper layers and the 
stronger lines from the higher layers. 
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It is not clear what further corrections he has 
niad<» for the earth’s rotation and orbital motion, 
the sun’s rotation as well as small corrections for 
pressure at tin* sf>I;ir surface ; nor is it y(*t known 
how many plates he actually obtained, because, for 
reliable average* values, it is e.ssential that a con- 
sidcTJihle number of plates (according to Dr Ev(?r- 
slu‘d there should be at lea.st 20 spectra) .should be 
taken so that in taking the average the effect of any 
irregular, radial, or sii])erlicial t urrents may be got 
rid of. 

The shifts at (lu* edge are probably under-esti- 
mated, because the spectra would be obtained from 
a region within tlK^tfnib. Also the ob.s(‘rvations of 
the rays at the centre cannot be accurate as the 
(‘rt(‘ct of scattering in their case is extr(*m(*ly large. 
Indeed, the measur(‘s of the shift across the disc arc 
rath(‘r uncertain on account of the width of the 
s<»lar lines when high dispersion is used, even apart 
from Doppl(‘r shifts dm* to local currents. Slight 
deticiencies can also lx* exp(‘ctetl owing to errors of 
obs(*rvation. 

Kurtlu*r results, particularly those* derived from 
the .shift in (he red region, take'ii at all points of 
the .solar surface, will furnish conclusive tests of my 
formula ^ ( 1 + sin vi ), which for 

the (liflcrcnce b(*twecn (lu? centn? and the edge 
gives a ])arabolic curve, e.v plaining the progressive 
.shift, which both the usual wave theory of light and 
the Relativity hypothesis of a .slowing down of 
atomic clocks comi>lctely fail to do. 

It will take a f<*w months before the results of 
Profe.s.st)r Michailov’s observations of the deflection 
of light from the .stars due to the sun’s gravitation 
become known, showing whcth(*r the value is equal 

Einst(*in’s or, as pr(*dict(*d by me, ru»s between 
4/3 aiul 3/2 tim(*s as much. 

In the m(‘antime, I have ventured to make a 
third predtrfntn that if the Mich(*lson-Morley 
experiments w('r(* p(*rf(UTn(*d with light from the 
sun, or preferably from a. star, and not with terres- 
trial light produced on the earth, the null effect 
would vanish, e.stablishing the irorpuscular character 
of light and also d(*stroying the fundamental postu- 
late of Relativity. 

Vol. III. No. S 
SEPTkMBEB 1M7 



P. C. Ray— the Man and the Scientist 


Tjik rrcont rctironiont of Sir P. C. Rsiy from the 
Palit (>liair of (J!lH*mistry of the I'liivcrsity of 
Calcutta recalls to iniiul a career, wliicli is iiulisso- 
lubly associjit(‘cl with tlie history of the last four 
decades of Fiidia’s ren:iissaiice. Made of the same 
stamp as Ram Mohnn U«)y and Vivekananda — at 
once a seer, acrith', and a fitrliter — Aeharyya Prafiilla 
(yMiaiidra has jriven his indelible impress to the 
movement of India’s awakenintj in practically all 
spheres, social, political, literary, scientific, and indus- 
trial. It is diiruailt to choose in paying a tribute to 
his myriad-sided p(*rsonality. A life, indeed, truly 
amn/ini; in richness, variety, benefi(;en(‘e, and hi^li 
endeavour ! 

Prafulla Chandra, the man as is known to 
those who know him well -- has few ecpials in India. 
Unselfish beyond b(*lief, simple in habits to a fault, 
supremely contemptuous of money, he has dedicat- 
ed his life to the ]mrsuit »>f science and j^ood of 
hiimanity without ever beinjr lur(*d into the paltry 
ways of the worldly man. People there have been 
who have earned and enjoyed wealth and then given 
it up. But it is rarer to find men, who, though 
capable of commanding luxuries, have eschewed 
them at the very outset of their life. Prafulla 
Chandra has not merely avoided luxuries and 
worldly possessions, which most men value, but has 
oven shunned what many would consider to be ordi- 
nary amenities of life. And his almost ascetic 
habits have been fittingly complemented by his 
princely munificence for the benefit of varied organ- 
izations, including the University of (yalcuttji. We 
make no apology for stressing this aspcM't of his life 
as it is in sharp contrast to the selfishness, greed, 
and desire for possession that we see all about us in 
our present unjust and iine(|ual social order. 

A highly critical and intellectual maiii Prafulla 
Chandra early turned his analytical mind to contem- 
porary social problems. His writings, his speeches. 


his ceaseless efforts to shatter the cobwebs of super- 
stition, unreasoned belief, and obscurantism, and to 
steer the Indian mind towards light and reason have 
(contributed in a very large measure to the develop- 
ment of tiu) cnti<^>al mind in modern India. Prafulla 
(liandra docs not believe in eompartmentalism in 
thought and la^havionr. lie iiisi.sts on the iiuadca- 
tioii of the scientific attitude of mind to all probhmis 
that face ns in the big tluMitn* of life as iniK'h as to 
experiments and obscu’vatinns in the laboratory. 
This divorcee betwtum laboratory and life, he has 
ofteji said, is the bane even of many Indian 
scientists. K(iw ni(?ii have striven so hard for the 
cause of rationalism in India. 

(-ombined with a keen and powerful inU^lloet, 
Hrafnlla Uhandra has a luiart, which is wonderfully 
kind and gencTons. lie has shown this not merely 
by nnmeroiis bem^factions and personal charity but 
by his untiring work on oe(‘.asions when tens of 
thousands have b(*eii thrown into distnjss by natural 
catastrophes. On occasions of political snllerings, 
inevitjd)le for a people struggling for life and fnu*- 
dom, the nation has been touched by his vibrant 
]>atriotism and poignant sympathy. The love for 
his country is so deep in him that it is impossible 
for anybody to be near him and not to bo atlcCtcid 
by it. 

Prafulla Chandra^s tremendous and snceessfnl 
efforts for the industrial development of the country 
need not be retold. While shunning wealth for 
himself, he has always tried to create wealth for 
the nation. His original scientific^ achievements and 
the creation of the Ijulian school of elieniistry 
are monnmentj^ in which he will ever live. 
Scientific honours have come upon him thick 
and fast. He has received world- wide recogni- 
tion not only for his researches but also for 

(Continmd on page 17 Col, 2.) 
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Notes and News 


British Experts on Educational Reorganization 

TIic proposals adumbratfd by Messrs A. Abbott 
and S. H. .Wood, British Kdueational Ex])crls, who 
were invited last year to advise the Indian (Jovern- 
ment in respeel of the cdueational r(*organi>:alion and 
parlieularly on the problems of V(u*alional eduealion, 
include the establishment in each province of an Ad- 
visory Council on vocational education, consisting of 
the Directors of Public Instruction and of Industries, 
the [)riiieipals of the vo(‘ational colleges in the pro* 
vitticc and four or five important businessmen sclcc*h‘d 
by the Government. The duties of the (‘ouncil will 
be to see that their branch of vocational education 
functions siieecssfully. According to the Experts, 
full time vocational schools fall into three types: — 

(a) Those which imparl a vocational bias to their 
curricula during the last year or two of school life, 
(h) Those which prepare their pupils for work in 
an occupation to be selected at the end of the course 
from a range of related occupations, 'riicse arc pre- 
apprenticeship schools. (c) Schools which prepare 
their pupils for a specified (KTU[)alion. These are 
apprenticeship schools and are sometimes known as 
'I’rade Schools. 

M<;ssrs Abbot and Wood stress the necessity of 
cultivating a bias toward the needs of agriculture 
through tlieir curriculum which should be a continu- 
ation of the Rural Middle School, and the desirabi- 
lity of giving a training, in junior vocational schools, 
preliminary to employment in industries of the mani- 
pulative variety suitable for boys who aim at becoming 
highly skilled artisans and foremen, 'riie Experts 
deprecate the insufficient attention given in this country 
to the teaching of art, and suggc.st that the spheres 
of influence of the existing schools of arts and crafts 
should be enlarged considerably ; and that other schools 
of arts and crafts working in close as.socialion w’ith 
them should be set up as opportunity serves. 

There is little possibility of the .cultivator, says 
the report, becoming a successful small-scale worker, 
though the village artisan might be trained to repair 


and refit agricultural implements. But, in our view, 
it is the villages where some stimulus should be appli 
cd to cottage industries and cottage gardening with 
the many sidelines which can be run in conjunction 
with these. Such developments would serve the pur- 
pose of giving some profitable employment to tlu^ 
villagers during their idle months. Wc should also point 
out that the conquest of illiteracy is the urgent need 
of the moment and the villages, it .seems to us, require 
nothing more at prc.sent so far as their education is 
concerned than an adequate number of well managed 
primary sc hools which will include an interesting 
sUlalms 1 ‘omprising useful sidelines of local industries 
and horticullurc, hygiene and recreation. 

Radio Organization 

Rc!C(Mitly Dp M. X. Saha in an interview with the 
correspondent of the Amirta liazur Pairika dwelt 
on the question of the reorganization of the Indian 
Radio Se rvice at some li‘nglh and strongly advocated 
the. establishment of a conimitt(‘e consisting of offi- 
cials, lion officials, representatives of various interests 
and cxj)crt scientists to whom the whole managcinc'nt 
should be entrusted. 'Phis syst(*m is followed in En- 
land and other civil i/cd countries. At ])rc.scnt Indian 
broadcasting is a wholly official affair, and has all the 
defects of such a system. Recently a leading article in 
The Times of July 2S discussed the future possibilities 
of broadcasting in India and "cxpres.sed the opinion 
that there seems to be a very strong case for the early 
tran.sfcr of the control of Indian broadcasting from 
the Government to an independent corporation of offi- 
cials and non-officials on lines similar to those of tlie 
British Broadca.sting (Corporation.” This is exactly 
what Prof. .M. N. Saha suggested . We fully agree 
with the views of Dr Saha and The Times, 

Proposed Museums’ Conference 

It has been proposed to hold an Indian Museums’ 
Conference this year at Delhi. When interviewed 
ill this connection, Dr K. N. Sitaram, the Curator 
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of tlic Central Museum, Lahore, saici “1 hope that the 
Indian Meseuins’ Conference which is to be held in 
Delhi early this winter after a la])se of .*<0 years, will 
take such steps which would ensure, in the words of 
His Kxeelleney Lord Linlithf^ow, the ({uiekenin^ of 
the creative impulse in the held of indiji^enous art and 
literature”, Dr. Sitaram added: — 

I want a museums’ association formed on the 
model of British Association, this body to have a 
journal which would not only ^uidc and co-ordinate 
the activities of curators but serve as a pro])a^anda 
medium to make the nation museum mimded. 

I trust that with the sympathetic ^uidaiu'c of Lord 
1Jnlithf(ow, the .Museums Conference will become an 
annual feature. Such annual conference would help 
to bring about greater co-operation between cural(»rs 
and the Archaeological Department than exists at 
present. 

In the carrying out of the provisions of the Ancient 
Monuments Preservation, Act, curtors could be of the. 
greatest service. 

'riiey can also render help in seeing that rare and 
valuable antiquities, and works of art do not leave 
this country. Five years ago India lost the 
very rare illuminated manuscript — A'o/w/- which 
could have been secured for Rs, 2,000 but which was 
sold in America for Rs. 1 !• lakhs. 

I hope that as a result of the discussions at the 
Delhi conference there will be evolved a system of 
exchanges of exhibits between various museums, thus 
helping to dill’use culture throughout India. The 
need for alfording facilities to curators to visit the 
various museums in India and also those in other 
countries cannot be over-emphasized. 

A most important subject which is not envisaged 
on the agenda yet is the nec<l for taking steps to 
repatriate to India simie of the antiquities which arc 
now to be found in the Western Countries. In this 
task the help of the I.eague of Nations may be sought, 
as is done by France, Germany and other Kiiropean 
countries. 

Live Stock Wealth of India 

A Press Note of the Government of India issued 
some time ago gives interesting statistics of livestock 
in India for the year 1981-35. 

SCIENCK A 
CULTUBB 


This estimate places the number of bovine animals 
comprising oxen and buifaloes for British India at 

159.985.000, the total number of bovine animals com- 
prising sheep and goats at 61,157,000 and that of 
other animals comprising horses and ponies mules, 
donkeys, and camels at 8,801,000. 

Of the provinces, the United Provinces have the 
largest numlK.'r of bovine animals, namely, 82,470,000. 
Bengal comes next with 25,287,000. Madras is third 
with 21,607,000. Some of the other important pro- 
vincial figures arc as follows: — 

Bihar and Orissa — 21,808,000; Punjab — 16,840, 
000; Central Provinces and Bcrar — 13,844,000; 
and Bombay — 12,596,000. 

'i'he largest number of ovine animals is in 
Madras, namely, 18,701,000, the United Provinces 
being second with 10,002,000. 

The United Provinces have the largest number of 
ploughs, namely, 5,1 9(), 000, the second largest figure 
iH'ing in Bengal namely, 4,592,000. 

Madras has the largest number of carts, namely, 

1.194.000, the Central Provinces and Berar l)eing 
seconil with 1,147,000. 

’Phe number of livestock of the bovine class (cattle 
proper), per 100 acres of sown area and per 100 of 
the population in each ])rovinee is as follows: — 

Per 100 acres Per 100 of 


of 

sown area. 

population. 

.\jmer Merwara 

. . 184 

86 

Assam 

. . 100 

69 

Bengal 

108 

52 

Bihar and Orissa 

88 

• 57 

Bombay 

. . 88 

60 

Burma 

34 

42 

(Central Provinces and 

Berar 

56 

89 

Coorg 

. . 100 

84 

Delhi 

75 

24 

Madras 

76 

58 

North-West Frontier 

Province 

. . 50 

44 

Punjab 

60 

67 

United Provinces 

91 

67 


Coming Jubilee of the Indian Science Congress 

'Phe coming session of the Indian science Con- 
gress, which is to be its Silver Jubilee session, will be 
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liclil from January .H to January i), next year. As our 
renders already know, a number of eminent foreij^n 
scientists are expected to attend the session. In 
a recent meeting Ijeld at the (’aleiitta rniversity the 
arrangements to be made for the Jubilee sessitm wert' 
Miseiissed. 

J'Or tile purpose of seiiuitilie deliberation the (’(vi- 
jL»iess will 1)e split into l.'i seeiioiis and meet daily in 
Ibe morning for reading of papers. 'I’liere will be a 
number of discussions on sub j eels like ehemistry and 
Ihe industrial di velopmenl of Iiulia, a naiional berbar- 
iiim for India, nutritional diseases in India, diet and 
adaptation to climate, etc. A symposium on river 
pliysies will also, it is hoped, be arraiigetl. 

Arrangements for exeursions hi the following places 
of interest will be mach': 't’alanagar, Ass.am oil tields, 
iineient (laur and Pandua, Darjeeling, (iosaim, 
Molepur. Kxeursions to local places oi scientific, 
leehni(‘al and industrial interest will also be made. 
A. number of evening lectures by st*me of the most 
eminent sei^nitisls from abroad will be (lelivere<l. 

A reception toinmiltee was fornu'd al the meeting 
to hel]) in the organi/.alion of the i i lehralions with 
Mr. S. P. Mookerjee, Vice Chaneellor of ('aleutta 
l’ni\ersily, as ehairman, and Dr S. ('. l.aw, Sheritf 
of Caleutla, as Honorary 'Pn asurer. 

Petrol from Coal 

foal and ])etnd are the two most inijiortant sources 
of power to day and the countries which jmssess 
enough supply of these two finds in their own soils 
must consider Iheinstdves lucky. l'’or many purposes 
<i tiler of these materials can be success fully used 
but in certain mailers, e.r/., in aviation, ])etrol cannot 
he substitut(‘d by coal, (Jeograjihieal distribulion of 
petroleum, however, is much less uniform than that 
of toal and among the leading eounlries of the world 
unly I'. S. A. and Soviet Ilussia have adecjuate re- 
sources of natural oil within their bounilaries. Other 
<<iuntries, /.c., Ciennany, (ireat Britain, and Jajniii 
have to import their recpiiromtmts from outside. It 
is needless to ])oint out that during war lime, when 
a large sup]dy of petrol is an absolute ne«*essily, the 
outside supply may be obstructed and eve.u stopped. 
Humours of a possible war have, therefore, driven the 
j)ower.s, who now depend upon foreign supply, to ileve- 


lop ebemieal methods of inanufaiduring petrol from 
coal, 'riiere are two jirineipal metbods of doing Ibis: 
(i) by hydrogenation and (ii) by low leinperalnre car- 
bonization. 'riiese methods have already been dis- 
(‘iisstal in oiir eolnmns in the course of the following 
two articles: “Petrol from Coal” (Svicticc and 
Culture, /, T.'lJt, and “Low Tenijieralure 'Par 

am! L'cpiiil Fuel" (Scieuce and Culture, ,)7t, llK'Ki). 

(lermaiiy, which is the ])iomer eoimlry in this 
industry, starttd ])r(Mlu<‘tion in with Stall* ludp 

and lias increased lier production at a rapid [laee. 
li. lOfS.-), lu r total oiitjml of coal oil was nearly 
2()().l)(){) tons. In DKh!, ontpid rest* to more than 

500.000 tons, in this year bituminous coal ami coal 
tars were, for the first lime, used to a large extent 
and from .Inly tin* fiermaii Siipm’visory Hiirean for 
Mineral Oil proliibiled the use of crude coal tar for 
any oilier purpose except distillation. In lO.’tT, it 
is t‘stimale(l. the total yield of coal oil would he ahoiil 
000,000 nielrie tons supplying alioul 50' ,. of (ier- 
iiiaiiy s lolal reipiinnienls for petrol. 'J’he Cji(>rinan 
(hivermnenl, however, has (h'cided lo develop this 
industry till the eoimlry lieeoines praelieally self- 
suffieit III. 

Ill ilapaii, too, the strategical eoiisiderations have 
h‘d the authorities to turn their atteidion lo tin* eoal-oil 
imliislrv. 'Phe first liig Ja))anese ))ln.ut started work- 
ing in 1055 in Mant'liuria. \\’ithiii se\(‘n yi ars .lapari 
wants to he self-siiftieienl lo a gnat extent in her 
supply of petrol and lieavv oil. In 101*5 Japan's total 
reipii remen Is are expected lo hi* 1*,J)10,000 metric tons 
out of which 2,000,000 Ions are to lie prodneed from 
coal. 'Plu* huge capital whieli will he reipiired lo 
finance the project will he supplied jointly J)y tlu* 
.lapaiiese Stale and the .Japanese industry. 

In Kngland, as our readers are already aware, a 
hydrog‘*nation ]>lant was opened hv the Imperial 
C'heniiial Industries al Hillingham with State aid. It 
is ex]H*eted lo produce 150,000 tons of oil this year, 
('oiojiared lo the plans of fiermaiiy and Japan, the 
British ])roduelion is rather modest, meeting only 
ahout of the eoimlry’s total need. 'Phe low tem- 
perature earhonizalion industry, however, showed 
gootl progress. 

Discovery of Cannons with Inscriptions 

According lo an A. P. message, a ploughman, while 
tilling his land in the Upper Dehing Reserve, East 
Block (some seven miles from Margherita in Assam), 
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brought his ploiiglisharc in contact with a liard sub- 
stance^ whi(‘h was found to be a cannon. 'L'hc mailer 
was brought to tlic notice of the local Forest Ranger, 
who caused the cannon along with another lying 
nearby to be brought to Margherita. 'I’lic cannons 
measure 1-' (>" and it' S" in length with ein umfereiiees 
of 1' S" and it' S" resj)ei-tively and weigh it inaunds 
and 21 seers, and 2 niauuds and It seers respectively, 
'.riic importance of the discovery lies in the fact that 
the cannons bear inscriptions in Assamese and l.’rdu 
which when translated run: — 

“In memory of the glorious vahnir <d' Haja (lada- 
dliar Singh (.Ahoni King) and Sri Sri Surjanarayan 
Dev (Koeliraj, C’ooc'h Itehar) who defeatc<l the 
Javans — KiOt Sakabda." Hy Javans it is presumed 
that it refers to the ilefeat of .Mirjumla by these Kings 
in Kainrup. 

Santal Dictionary 

Jn the course of a speech eommunieating tlie news 
of the eom])letion of Mr Itodding’s Santal Dii Uonary 
to the Royal Asiatic Society, Mr,fo]ian van Mar.en, (he 
(leneral Secretary of the Society, said that until recent 
decades the le.\ieographieal Irealinenl of the many 
languages of India was with one <'xeeplion rather 
primitive. 'J'he one exception was the great Sans- 
krit Dictionary by Hiihtlink and Roth, piiblislied in 
St IVtersburg in seven gigantic voluiins, from 1S55 
to 1S75. None of the vernaculars, until (phle recent 
ly, show anything comparable to that work. Of 
late a great imjiroveineiit has taken ])laee, though in 
certain east's hulk and methodical treatment have not 
been eommeiisurate. In in2;’> Stede’s Fali-Knglish 
Dictionary became complete, in 1J);U Turner’s Nepali 
Dictionary and in li).‘12 Clrierson's Kashmiri Diction- 
ary. For several vernaculars extensive and th taih'tl 
dictionaries are in course of publication. 

Last year P.O. Jlodding completed liis Santal 
Dictionary, a monumental work in five volumes, 
containing over ;i,K)() large octavo pages. 'I’lie 
nucleus of the material had beon eolleetcd by Skerfs- 
rud before 1890 when Rev. Hodding arrived in 
India to work amongst the Santals as a missionary. 
In about 1J)()5 he had increased the. numlier of wonls 
from an initial i;t,000 to about double that number. 
From 1905 rt'gular work on the dictionary had to be 
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laid aside fur about 20 years .but in 1921 the work 
was taken up again and became the author’s principal 
occupation. From 1924 to 19f31 the dictionary 
remained Mr Hodding s main preoccupation. During 
that time .Mr Hodding had not only In'cii speaking 
Santal language daily but had studied it with the 
greati'sl care. In 190.3 he had provisionally tinisneo 
the translalio!! of. the Hible into Santali. Notwith- 
standing his thorough knowledge of the laiiguagi^ the 
author look the greatest care to ensure the reliability 
of his data, so necessary in the case of a practically 
unwritten languagt'. Wlu'ii working on the (iieiiou- 
ary lie had always Santals silting with him, never 
less than three at a lime. These, the author says, 
wen* inl(‘llig(‘nt men with exp(*ri«*nce and knowledge 
of the people and their customs. 'I'he author is a 
linguistic .scholar of great gifts, quite apart from his 
spieifie knowledge of the Santal language. He n«.'» 
been at ])ains to indicate the possible eorresptnuleiiees 
with other Alunda idioms, ’rile dictionary is exeep 
tionally rich in its rei'ord of idiomatic expressions 
and combinations. Throughout the work a wealth of 
information of ethnological interest is to be found 
and a spi'cial index to the relevant headings is added 
to the work. With this life-work of over 10 years’ 
iluration, ti rminated by the issue of the last volume 
in 19.‘1(), Mr Hodding has erected a monument to 
himself and prodiiec'd a lingiiislie doeume.!it unrivalled 
for any Imlian aboriginal idiom. 

Improvement of Indian Museums 

The .Markham and Ilargreavi' re]>orl on Indian 
museums has revealeil beyond doubt the utter back 
wardiu'ss of museums in India both in number and in 
quality. We have »'ditorially reviewed this report 
in our last .Inly numlu'i* and diseussed the gradual 
evolution of tie.* museum ideals from the stage of 
eurio-eolleetirig to the modern eone(?])lion of an active 
institution of instruction. It is a hajipy sign that 
the (joveriiment of India authorities are now con- 
templaling to take some active slej)s in the matter. 

It is reported in the press that the authorities 
are planning to hold a .conferoiiee next winter in 
Delhi to discuss the imjirovcincnt of museums in 
India, 'riiis is a most important slej) and elsewhere 
in this issue w'c publish the eoiiimcnts of Dr Sitaram, 
the curator of the Lahore Museiini, on the proposeil 
conference. 
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Plans for improving the Indian Museum in 
Caleulta are parlieularly in hand. The exhibits will 
he rearranged in siieh a manner I hat the. layman may 
iiave no diflieulty in undersiaiiding tlieiii. 'I'he old 
fort at Delhi may Im' usc-d to house a (’eritral Museum 
and the ('eiitral Asian Museum will lu* shift(‘<l (hen* 
from ils present site and eonsiderahly exleiuled. 

An e.!U|iiiry eommilt(*(‘ some lime ago diseoven'd 
that in the famous Kleplianta ('avi's near llomhay 
salt water was pen^olating and eating up parts of 
the cave’s temple. On considering this report the 
(tovernmtnit of India have d(‘eid(‘d to uudiriake ilu‘ 
restoration work immediately. A sum of Its. 2 
lakhs may he granted for the })urpose. 'I’he resl<»ra- 
tioii work will include the washing out of sail, 
eiMmniting the cracks and realignment of the drainage 
from the main liall where one (d‘ the pillars has htcii 
badly damaged. 

It is further understood that the fiovernmeni (»!’ 
India have decided to send one (d' the su])erinl«‘ntlenls 
of the Arehaehigieal l)e])artinent to Kurope. He 
is <'X])eeted to visit London, Paris, Rome, llerlin and; 
Vienna to gain knowledge of the curatorial methods 
fit these centres. On his return, it is proiiosetl to 
place two Indians under him with seholarships for 
receiving the necessary training at tin* (’enlral 
fiovernineiit’s museums at New Delhi, Caleiitla. and 
Taxila. 

All-India Institute of Hygiene and Public Health 

A Press Note of the fiovernmeiiL of India gives 
an aeeount of tin work earried out at the All India 
Instituti* of Hygiene and Public Health, during the 
year H);R). 

(’noj.KiiA 

Side by side with basic re-si-arehes there were in- 
teresting investigations bearing on j)ublie health 
problems of the eounlry. One such problem was 
cholera, wdiieh has made Heiigal its home from 
where big epidemies oeeasionally spread over vast 
area.s in India and beyond. The causes of endemi- 
eity of cholera in Rerigal were investigateil both in 
Ihe laboratory and in the lield, and in these investi- 
gations other research lalmralories too gave* active 
co-operation. Statistical analysis of reeonled 


cholera mortality in different parts of llengal has 
sIhAvri that the incidence of the disease is not uni- 
form throughout the Province. Certain areas have 
been found to In- highly endemic. In one of Lhesi* 
areas continuous field observations were earried out 
and a large amount of information was eolleeti^d, I he 
analysis of which, it is hoped, will I'lear up I'crtain im- 
])orlnnt ])oi:nts in regard to thi' cholera ])robl(‘m. 
Statistical studies were also larrieil out with a vi«‘W 
to devi lo]) a method of foret'asting cholera (’pideinies 
so as to forewarn the ])ubli(‘ health authorities. In 
addition, there were basic rcsi'iiri'lu's into the ehemi- 
(‘al i'onslitution of cholera vibrio in relation lo tlu* 
\irulcnee of the organism, and important results liavi* 
been obtained. iVt tempts have also been made to find 
simpler methods lo determine I he chemical const it u- 
lion of these vibrios. 

f’eioKMie Diioe.sv 

ICpidcinic* dropsy is anothe r disease which receiv- 
ed spcc-ial attcuition. I’ht' esmiroversy regarding its 
e tiology dates back to 1S77, and many theories have 
been .'uivancHsl, but none of the*m have proved entire- 
ly salisfac'tory. Intensive field investigations e*arrie.*d 
out in Assam. HeMigal and Rihar have' indicated that 
ee-rtain samples of mustard oil may be to blame. 
.Vs a result of a series of control expe*rime‘nts in- 
eluding e,\])erinunls on human voluntei'rs, it ha.s 
been strongly suggested that certain .supplies of 
mustard oil contained a siibslaner which may be- rrs- 
ponsible for the produelion of syinpleans of cpideanie 
dropsy. While it is possible! that the* term epidemic 
elroj)sy is at ])resi‘nt loosely used and covers more 
than one disease condition, much can be deine, says 
the report, to prevent develoj)menl of the dis»*ase by 
preve-nling the distribution of mustard oil of this 
kind, 'rile nature of the poisonous substaiu*e and the. 
source* from which it is derived is at present under 
investigation. riie* problc'in is as yi*t by no means 
.solved. 

Nttuition 

'riie* jiroblems of nutrition whieh are now very 
much before tiu* public eye we*re also hivestigaied 
in certain aspects. A large number of common 
Indian foods! ulls were examined for their salt and 
vitamin e*onlenls, ])artieular attention being given to 
vitamin H. Nutrition surveys for the delerininalion 
of the epianlity anil ipiality of food and mitritional 
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status of the < hiltlr»'ii were earried out in eertaiii insti 
tiiUons at (■aUiitla and at lHro/.t l)orf in the Ihinjab. 
Jl was found that the main (h fieiern v in the diet was 
the laek of ^<ood typi s of protein and of eertain salts, 
and that this defeet ifi the dietary, whieh eould W. 
eorreeted hy milk, was assoeiated with the poor 
physicpie ol the ehildren. 'I'lie ealorie vahu‘ of tood 
required hy Indian ehildren was found to he 
the same as that re(|uired hy Kn;»lish ehild- 
ren. Sludhs were also niaile on the relation 
of eataraet to vitamin H deleet and on ttr 
tain ehemieal properti»s of hlood in relation 
to anaemia and other diseases. A taet of great im* 
portanee whieh emerged was llu‘ desirahility ot eoni- 
hining fat and it j)ossihle meat with food eontaining 
green vegetables ami earrots. 'rinse foodstutls are 
rich in a suhslaiu*e ealled earotene, whieh is the main 
source of vitamin A in Imlia, while fat helps in 
the absorption of earote.ne and meat in its conver- 
sion into vitamin A. 

M.m.aui V 

In the Malaria Section attention was ehielly given 
to investigations into hlaek water fever, whieh oeeurs 
in eertain higlily inalarii)us localities. Hlaek water 
fever is a highly fatal alllietion hut unfortunately 
seieiitisls are still in the dark as to its causes and 
its trealineiit. Studies of a similar c’ondition in 
monkeys show that it was caused hy paucity of the 
halanee of eertain chemical ionstiluents of hlootl due 
to h sions in the liver and the adrenal glands. Par 
tial sueeess in the treatment (d’ the ilisease in many 
eases was ohtaineil hy basing treatment ofi these 
tindings. Investigation of Ilur disease was extended 
to human eases and promisiiig nvsults were obtained. 
Other malaria problems stmlied included investiga- 
tions into the part played by certain imjKirtanl 
malaria carrying s|)e<*ies of mosquitos and the sjiread 
of malaria in Hengal and eertain basic studies on mala- 
ria j)arasites. Kxpc*riments were also eondueted to 
test the claims math* by the inviiitors of the Knt«)* 
ray machine for its effieieney in killing mosquitoS; 
but the elaiins eould not be substanliatt'd. 

MiscKm.ANKurs 

Intensive studies were also made into the prob- 
lem of tuberculosis, and among other points broiigiit 


out by these studies there was one whieh demons- 
trated the danger from exposure of contacts special- 
ly of ehildrmi to open eases in the, family. 

J^oss of life associated with maternity was 
another subject investigated. The results obtained 
should giv(‘ food for thought to social Wi)rke»'s and 
partieularly to those wlu> are interested in the well- 
being of mothers. It was foui.ul that in PI per cent 
of deatlis due, ilireetly In ehihl-hearing, a primary 
avoidable factor was present, the main eases of 
maltTual deaths being (iue to iiiieetion arising out of 
niieleanliness during ehildhirlli, poistm in the system 
anil aeeidents of labour. 

Apart fnun research, traiming is another asj)eet of 
its activities in whieh the Institute j)resenls aTi inter- 
esting record of progress. It may he noted that the 
Institute provides advaiurd training for public lieallh 
workers on an all India basis. 'I'lie prineij)al eoiirsr 
of training otVered by the Institute leads to the 
Diploma in Public Meailh of the I’niversily of 
('aleiiLta and Diploma hi Public Health and Hygiene 
of the School of 'rropieal Medicine and Hygiene, 
Hengal. In this training the School of 'I'ropieai 
Medicine takes aii imj)()rtant ])art. Admission has to 
he restricted to ,*M) students on account of limited 
laboratory aeeommodatiici. In ])revious years some 
of the seats remained vacant, hut a nolieeahle fea- 
ture of the year under report was that there wen* 
71> applieaids of whieh 2() were admitted for D. P. H. 
and 5 for 1). P. H. and Hy. Students came from all 
Provinces of India except Sind and Orissa, and 1.) 
were emj)loyees of the (’entral and Provincial 
(fovernnieiits, local hodie-s or Indin<:i Stati's. 

It may be recalled that the Institute was establish- 
ed with funds ))rovided by the mimilleent donation ot 
Its. 17.S7 lakhs from the Roekei'eller Foundatiim of 
the United States of America. Hut the res])onsil)il 
ily for its maintenance was undertaken by tin 
(fovernment of India. Lhifortimately, how'cver, the 
opening of the Institute eoineided with a period of 
acute financial slringeiiey, and thus the full deve 
lopment originally contemplated had to be deferred. 
As a result, four sections dealing with public health 
admini.stratioii, Malariolpgy, HioehiMuistry, Nutrition 
ami Kpiderniology and Vital Stati.sties have been 
fniietionirig for I he past four years, ami (he tw'o see 
tion.s on Sanitary Eiiginirring ami Ma’lernity «n<l 
Child Welfare were kept in abeyance. With a re- 
turn to improved firiaiieial conditions, the Oovern- 
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nicnt of In<lia who have all along hccJi consfioiis nf 
those oulslanding iice'ds of tin? Iiistitulo have added 
to it the tw(» new sections on Sanitary Kngineering 
and Maternity and Child Welfare from Ai)ril 19;t7. 

Woodhouse Memorial Prize 

’rile Director of Agrieiillure. Hihar, has sent ns 
the following notice for puhliealion: 

Jn rnemorv of Mr K. .1. M oodlunisi', late Keoiin- 
niie Htitanist and J’rineipal of Sahonr Agrienlliiral 
(\)lh‘ge wlm was killed in action in France in 11117, 
a hiennial prize in the form of a Silver Medal and 
hooks of a (simhined value of Us lOOj- will he award- 
ed to the writer of the hesl essay on a subject to 
he s»leet<‘d fr<mi the list noted lalow. 'I’he haiglh 
of the essay should .lot exceed l-,()0() wonls. 

'I’he competition is e.|.en to graduates of Iiwtiaii 
Cni\ ersit it s and to Diploma Imiders and Ideeiiliates 
of recognized agiieultural colleges in India who art* 
nol more than IK) \«ars td* age on tin* tiale <d sub- 
mis‘»ion t»f their essays. 

Papers should be forwarded to the Director id 
Agriculture. Hihar, Patna, before the ItOtli Novem 
her, 11)117. 

I’ailing pajiers of suflieient merit no awanl will 
be made. Fssays nnisl b«' typewritten on tine sitle 
of jiaper only. 

List ok S« n.iKt ts 

1. llvbrid vigour in jilanis ami its signilieanee 
in ])lant breeding and agrieullure. 

U. Agrienlliiral problems of the Indian Sug.'ir 
Industry anti their stdulii.ii. 

I>. ’rile importance of purity and e(|ualily td 
seeds of farm enilis anti how to preveiil 
their deterioration. 

Bt-Col. R. N. Chopra 

We w'ish to olVer our luarty eongratiilalions Iti 
IJt-Col. H. N. Chopra, f.i.i;., K.ii.e., M.n., {Caniah), 
M.ii.c.i*. (ImikL), I.M.S., Profes.sor of Pharmaetdogy 
and Direettir, St'liool of 'Propical Metlieiiie, ( aleiilla, 
on his recent admissitui tt» the drgret' tif Doctor t»l 
Science of the Uiiivcrsily tif (’ambridge. Py this 
award, the Univer.sily lias iitintnircd one of her oltl 


alumni from India. Prtif. Chopra is well-known in 
medical anti scientific circles all over Imlia, and 
iicctls no fresh introduetitiiii It) tmr readers. He is 
Professor of Pharmaetilogy and Director of the 
Sclmol of 'I'roiiical Medicine. A large niimht'r t)f 
researches on Indian iiuligeimus tlriigs have emanated 
from his labtiratory ami the report of the Drugs 
Kncpiiry Committee, tif which he was i>hairman, is 
eoiisitleretl tt» be an authoritative publication tm the 
subject t)f eoitrol and standardization of drugs in 
the Indian market. We wish him nmpialiiit'd siie- 

t‘ess in his new veidure of standardizing drugs and 
ehi‘4‘king drug adulteration in India. 

Sir Syed Ross Masood 

We regrt t lo ha\'e to anmiunee the recent death 
t)f Sir Syetl ttoss Masood, Ktliiealiiin .Minisitr of 
Hhop.il State and ex-V'iet Chanet llor of Aligarh 
Muslim Cniversily. He was forty eight years of 

age at tin* tiim* of his dealli. He was an eminent 
scholar and ediie.‘it ionist . 

Dr. K. P. Jaysvval 

'I'he death oeeiirred of Dr K. P. dayswal on 

.\ngust I* last at Patna at the age of sixty six. He 

svas a wellknown scholar tif indology and was the 
e(*itor of lie* Ilihar tintt Orissa Jirsrarcli JnarnaL 
He. w.is a past president of the .VII Inilia Oriental 
Conferem*e. 

Announcements 

Following the reeoiiiniendations of the Jrvine 
(’omniitli*e. Sir C. Itainan has ceased to be the. 
Dinetor of tin* Indian Inslilule of Siienee, Pianga- 
lore, bill will eontinm* lo be i*rolessor of Pliysies 
for amillur fen years on a montlily salary of 
Its Piiiding the appiiinl imiil of a new 

Dirci tor, Hao llahadiir l>. V'eiikalesat har will act in 
that ea|)aeily. .Mr C. 1*1. W. .lom*s, lti*fir<*d Dir«*<*- 
lor 4 if Public Inslrm litm, Central Pro\ im es, has been 
appointed to the m wly <*reali*d ])o.sl of the Uegi.s- 
Irar of the Instiliile, wlm will look to the. adminis- 
Iralivt* side. 

Dr K. R. Kaiiinigj). Reader in the Department of 
History of the Dacca Cniversily. has been appointed 
Hea<l of the Dtparlment in place of Dr R. C’. 
M.Hzniiidav appointed Viei*-Chaneelliir of thi‘ 
University. 
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New Industrial Processes developed in U. S. A. 

A rci-riit of llie (ln'inirnl Atjc ^aivrs an 

iiitrivsliiij^ ari'oiiiil of a larirr iiiiin|)rr of iirw iiuhis- 
Irial 1111(1 rlicioical proccssis arc now hcin^ 

developed in the I'niled Shdes. WV jrivc below a 
few of Ihe most intereslin^; ones: 

A prot'ess lias Ix'eii iiiventt'd for ele.’inin^ and 
de/Hreasiii/f wool bv it tliroii^ii a refrigerated 

ebainber. 'J’lie layer of f;rease on tlie hairs is llnis 
made friable and becomes delaelied from llu* wo(d, 
earrvinfj; away the dirt, wliieb normally lies on the 
surface (d* tin* j^reasc. 

I'lxperimeiils are beinjH made willi the maiiufae 
hire of billions. biieUli's, table tops and iiuim'rmis 
ollu r plastic articles from eonstil iionis of llie soya- 
bean. 

Hadieal dejiarlure has been made in jiermaneiil 
ma^in ts by the use of a l>5 per cent iron, 25 per 
cent nickel, and 10 per cent aluminium alloy lo 
wliieb may be added manj«;anese, vanadium, cobalt, 
ebrotniiim, luniL;’sh'n. molybdimum, or eoppt'r, pvin^ a 
coercive force of 500 oersU'ds in combination with a 
residual induelioii of 0.500 f^aitss. 

A new process has been specially developed to 
eirecl a case ])enet ration of It j)er cent silicon in steel 
objects for (‘hemieal (‘(piipment, machine parts, bolts, 
nuts, etc. to render them iion-eorrosive a^aiinst hot 
and cold hydroehloric and sulphuric acids, wet 
ebloriiie ^ases, salt -sjiray, etc. Its chief advantage; 
is to give articles made from a cheap base, metal the 
acid resisting properties of expensive stainless steel 
or the (dTeeliveness of high silicon irons. 

A new source of aluminiuin from the. mineral 
aliinitc, instead of from the usual bauxite, is being 
developed. Jn tlu‘ light alloy ticld. the structural 
application of alumiinium to large engineering ('oii- 
striictions such as railway coaches, cranes, bridges, 
ship:’, ete., is making substantial j)rogrcss. 

Selenium, a member of tlie sulphur group of (de- 
ments, is a by-prodiiel from the lead rtifineries. Jt 


is b(‘iiig used extensively in the tyre industry to im- 
prove the wear resistance. 

Potassium Salts from Molasses 

Annual prodnelion of polassium salts from molns- 
s(‘s nvsidiics at Ibe ])lant pul int(» o]>erati(nn by 
L’AppuIa Soe. Anon., in Italy, in l!);t5, is now n^- 
por((‘d lo be l-.OOU tons. 'I’lie range of salts pro- 
dii(‘(‘d imdiidcs (‘liloritb*. sidplialts bicarbonate, hydro- 
xide, and imdabisiilpliitc. 

Electrical Developments in Madras 

A recvnl note in Ibc Sttitrsinnn gives a brief 
ac'coiinl of the pbuns of the Madras (Jovcrnniciit for 
til.* dcV(dopiiu‘iit and cxjoiiision of elect ri<*al ])rojccls. 

'i'lic most im]>ortant work noNv in progress is the 
second stage of the Pykara 1 lydro Kleetrie Scheme. 
'I he Metlur Hydro Kleetrie Scheme lias, from the 
middle' of .Inly, Ixi'ii supplying power with one unit, 
while the Vi/agapatam and He/.wada tlu'rmal stations 
are in (imrse e>f (‘onstrnel ion. 'I’he Papaiiiasam 
Hydro-Kleetrie Sehenu', which is exp(‘eted to cost 
about two (Tores of rupees and a selnine for j)iLtnp- 
jiig water from bore boles for Ibe famimj-alfeeted 
ceded districts, are also under consideration* by the 
(ioveriimeiit. 

'rile second stages (d‘ the Pykara Scheme com- 
prising the e(«istrnetion of the .Mukurti dam, is al- 
most eomplclc and work in providing additional 
units at Pykara has been in j)rogress since April last, 
'i’he Mukurti reservoir will impound 1,4,‘U) million 
eidn’e feet of wat(‘r and has been eonslrueted at a 
cost of Us. 21.1 lakhs. An additional pipe-line for 
the Pykara ))Iant, of larger diTnonsion.s than the 
present ones, is being set up. Jt will feed two large 
turbines of 15,800 b.p. each. 'Phis will cost about 
R.S. 55 lakhs, and is scheduled to be (completed by 
10;J8. 

I.ater, the Moyar site below the Pykara power 
house will be developed, eon.sti tiding the third stage 
ot the Pykara S(*beme. 'i'hiis the Pykara site alone 
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is capable of producing more than 100,000 li.p., and 
with the completion of the second stage it will be 
possible to generate about 00,000 b.p. 

On account of the cxlo!isions of power to the 
Trichinnpoly and Negapatain districts, not foreseen 
when the estimates for the first stage of the Pykara 
Scheme were prepared, the limit of the present plant 
has been reached, necessitating the eonsl ruction of 
the second stage. Since the middle <if July the 
Metlur Plant, with one unit workiirig, has been abh* 
to supply power up to Negai)atam and Vellore. Fur- 
ther transmission lines, under the Mettur system, 
arc being completed. 

Prospect of Chemical Industry in India 

This month we are publishing in this section an 
arti<‘le on " Some. Aspects of (’hemieal Industry in 
India” by K. L. Iloy of the Department id* A])plu‘d 
(’hernislry. Caleiilta l."iiiv<‘rsity. It is (»nly too 
well known that a huge amount of wtalth flows 


annually from India to more advainced countries of 
thti West by our export of raw materials and impi>rt 
of manufactiiri'd goods. Mr Roy has siippliid v\- 
haustive figures and facts which help us to form an 
idea of the magnitude of this drain. Tin* author also 
puts forth a strong plea for the eslablishnu'iit of 
eheiiiieal industries in India for many of wliieh all 
the neeessary raw materials are availahh* in oiir 
country. 

Glass Industry in India 

.\lso, there appears a short article on (llass 
Industry in India. Various erilii*isms have be**n 
offered from lime to time about the activities of tin* 
Iiuhislrial Research Ilnreati, ii?id these have apjaared 
in most papers. Here in ihis article some of those 
wliieh set nied to iis seienlifieally imptirlanf and (jnile 
hgitimati* have bt‘en menlioiuil with a view to draw 
the attention of all those who are interested in the 
impro\ t'liu'iit and t xpaiision of the (llass Industry in 
ihis eon.!drv, espttially lhi‘ (lov eriimt'iii and the 
Industrial Research l.’nrea’.- 


Some Aspects of Chemical Industry in India 

Kanai Lai Roy 

rjfpartrnent of Applied riierriisl ry, Caliaitla I'liivor^ity, 


Industry, as is well known, is at the r«)ot of the 
wealth and ])rosj»erity of a mtalern etunmunity. 
Industry, as it is understooil to-day, with all its 
numerous brant'ht's, was not known a few centuries 
ago, and trade then consisted mainly in the import 
and export of yhw materials from or.e country to an- 
other. With the adveinl of the modern seieiitifie era, 
whi‘fi people began to learn bow by application ot 
seienee these raw materials eon Id be turned into new, 
useful and fine products, an unseen but all pervasive 
•‘'Upremacy in Uie line of iiiduslry wa.s gaineil by the 
scientifically skilled naticjns over others, wfiieJi were 


.s<-ienli(ieally backward. 'I’liese latter eoiintries, thus, 
ultimately became the eliief t \porlers of raw materials 
at nominal prices and eonsiimers of llu* finished 
articles imported at ixorbitant rales. In this way a 
eominuous drainage of wealth from one eouiilry to a 
more .scientifically advanced eoimlry heeame possible, 
without (‘ansing mneh ))erlurhalion amongst the 
people, who were being thus impoverished. Yet it 
must he easilv understood that this type of exploita- 
tion through the agency of modern seienlifie indus- 
tries is really more devastating in nature than llie 
ordinary invasions, for instance, to which India had 
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Ixni long subjrcl. 'I'liis cxploitaUcMi, bloodlrss but 
iinisl insidious, can be slopped only by a eonseioiis 
and planned adoption of the seieiitifie anil indust rial 
way of life. 'I’lie weapon, therefore, is not the sword 
but thoron,L»h si-ienliHe and imliislrial training in tin* 
count ry. so that India's vast resources of raw- 
materials could be eonverleil into linislied goods in 
the eonnlry ilsi'lf. 'The establishnieiit of seientine 
industries niii'-l br eiuouraged and steadily foslrretl. 
In our country wlicre the amiiual rx])oris of ini reliaii- 
dise (wliiel. comprise over raw materials) are 

estimaled at more than Hit) <*rores id' rupees, and 
animal imports of articles (most of which are deriv- 
ed from chemical industries) at over !.*{{) <ror»s of 
rupees, the eslablishmeiil of chemical induslrltvs has 
now bieome an jiiiiik diale iiviessity. 

With the jJiogress of chemical nsearehes m 
various braiu'lies, and their sulisnpienl appliial ions 
in industries, tin- chemical industry of to-day has 
beeeiiK* a vast and very eom|)h x subjeil. I’nlike 
other industries the ehemie.d ones often re<|uir(' soiiu* 
special teelini(|ue in tlie manufacturing process, wliieli 
is knouii only to tlii' leelinieal experts and elii'inisls. 
'riiese industries, therefore, particularly rei(uire the 
assistance of those who know the leelmiipie well. 

The industries of our count ry when* huge eapilal.s 
are iiivisled are the folloN\ing: 

1. .lute and Colton. 2. Paper, .‘t. Iron and 
Steel. 1<. Sulphuric Acid and Ammonium Sulphate. 
0 . Petri*! and Kerosene Oil. 0*. Portland Ce.nieiil. 
7. Sugar. .S. Matches. .U. Wheat and Flour. 
10. Distilleries and Hnweries. II. PaVil and 
Varnish. 

If we look into the statistics wt' will find that 
our ({(‘inand for many imported articles is eonstantly 
increasing: this shows that many small industries an', 
growing within the country. Put these infant indus- 
tries flow depend e«!i the foreign manufaeluri'rs fo* 
their raw materials. It is then fore unwise not to 
start some new elieiiiieal industries which are basic 
in nature, as, otherwise, in an international crisis 
these smallei industries will have a severe set back- 

'I’lie following is a list of some im|Jorlant im[M)rl- 
t'd articles, a.;id as most of the raw materiahi for their 
manu fact lire can be obUtimed in i.ur eounlr v there is 


iio ground why atti'Uipts should not bo made to start 
the niaiiufaelure of these articles: — 


Articles 


Value 


(in ewl.) 

(Rs. in lakhs) 

Artificial silk 


;il() 

Aluminium 

();i,5oo 

1-5 

IJrass 

50l),5()() 

i;b) 

Copper 

11 7,000 

117 

Lend 

27,(;00 

n.i 

'Pin 

.7;!, 1 00 

7S 

Zinc 

l o |.,()()0 

llil 

liirman Silver 

27.100 

ir,i 

(^uiek Silvir 

12 1 ,000 

!) 

It libber (loods 


207 

Chemicals 


.*112 

Sodi Carbon/ite 

1 ,2:>;j,()oo 

02 

Caustic Soda 

lOO.OOO 

M-J 

Calcium carbide 

ni;,7oo 

7 

Copper Sulphate 

;ir),220 

i.l 

Itleaeliing matt rials 


12 

Starch ;'*:id Dextrin e 

le. 

.‘to 

Patent medieiiu s and 

Dni;»:s 

(it 

Mineral Oil 


o02 

I )yes 


I 

(/lass and Class Ware 

i;jo 

Paints and Painter's 

materials 

101 


The eonsuni))lion of liijuid fuel in our country 
has considerably increased as our annual import figure 
is approMinaiely li erores of rupees, in spile of the 
fact that the total produel ion of petrol and kerosene 
in Inilia and Murma in i-'lh") iUi was 1(12.1' million 
gallons. This shows that there is a good lUniand 
for liipiid fuel. It is, therefore, worth while in- 
'estigating jiroetsses of low temperature earboni/a 
lion of coal and other methods, so that we may ri' 
cover most ol the tar as liquid fuel and use it in 
))laee of jielroleum oil. 

In India then; are vast deposits of minerals and 
ores, but e.\eej)t the iron and steel industry there 
are no other metallurgical industries worth the 
name. Our annual imjairl of metals other than iron 
and steel i.s worth about 5 erores of rupees. 

Rubber is another inilustry of importanec. 

Imy over 2 erores of nijiees of rubber goods. Jhd 
"ubber is grown mainly in Southern India and 
Hurma. 'I'he export of rubber l\y sea from India 
to foreign eoiinlries during ID.'la-JKi amounted to 3t.7 
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(In lakhs of riipms) 


million pounds, of which the United Kingdom absor* 
bed major portion. 

Now it is time that India should undertake some 
basic industries like alkali, calcium carbide, metal- 
lurgical industries, glycerine, starch and dextrin, arti- 
ficial silk, coal-tar dyes, etc., so that many minor 
industries within the country will get internal sup- 
port and will not die out even during war for want 
of raw materials. 

One of the greatest difficulties that we experience 
in a manufacturing process is the want of suitable 
and efficient machineries and other appliances. We 
always depend on foreign manufacturers for those 
machineries. It is not always possible to place order 
from India abroad for a particular piece of machi- 
nery which may be very urgently needed, as it woidd 
involve unnecessary expenditure and loss of time. 
So it is a very important point that if we want to 
develop our chemical iindustries in our country we 
should simultaneously try to develop our mechanical 
and electrical workshops with up-to-date standanls 
ann ccpiipmciiis. v;ur annual import ot inacinnery 
and mill work is Rs. lakhs. A list of the im- 

ported machinery and injlwork with their approxi- 
mate value is given Ixiow: — 

TABLE I 


Machinkhy 

AND 

Mii.lwohk (Rs. 18,(58 lakhs) 
(In lakhs of rupees) 


1929- 

1981- 

1982- 

1988- 

1984- 

1985- 


80 

82 

88 

84 

85 

8(5 

Prime movers 

412 

I.')() 

100 

121 

144 

157 

Electrical 

241 

21(5 

15(5 

127 

1(59 

206 

Boilers 

109 

5(5 

45 

(5(5 

44 

7(5 

.Machine Um)1s 

8(5 

19 

15 

1(3 

14 

18 

Mining 

(51 

(5(5 

38 

82 

52 

41 

Oil crushing 
and refining 

48 

85 

19 

27 

21 

22 

Paper mill 

7 

(5 

5 

11 

9 

8 

Refrigerating 

20 

10 

9 

7 

10 

9 

Rice and Flour 
mill 

24 

10 

9 

7 

10 

9 

Saw mill 

9 

8 

8 

8 

8 

5 

Sewing and 
Knitting 

86 

51 

45 

50 

88 

74 

Sugar Machinery 

9 

80 

153 

336 

105 

66 
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1929- 

1981- 

1982- 

1938- 

1984- 

198.5 


80 

82 

88 

84 

85 

8(5 

Tea machinery 

28 

11 

21 

12 

22 

18 

Cotton machinery 
.Jute mill 

210 

198 

208 

208 

241 

201 

machinery 

144 

82 

86 

82 

54 

11(5 

Wool machinery 
Type writers 

(5 


8 

8 

2 

4 

incliniing parts 
an 1 accessories 

2(3 

18 

7 

10 

18 

19 

P’.Hitiing and Liiho- 






graphy Presses 
Belling for 

28 

15 

9 

15 

15 

17 

machinery 

90 

50 

58 

46 

50 

54 


One would be astonished to learn that India con- 
sumes over 8 crores of rupees of provisions, which 
include biscuits, cakes, caniieil and linnc*d foods, etc. 
X list of these articles is given in the following: — 


TABLE 2 

Articles 11)85-8(1 Value 

(in cwt.) (Rs. in lakhs) 


Biscuits and cakes 
Canned and bottled 

5,47,00 

3(5 

provisions 


(55 

Tinned or canned fish 
Canned and bottled 

64,100 

14 

fniits ' 

48,800 

11 

Vegetable ghcc 

Milk food for infants 
and invalids aind 


IS 

other patent foods 
Condensed and pre- 

10,400 

1(5^ 

served milk 

209,200 

64 

Jams and Jellies 

20,000 

7 

Confectionary 

Pickles and chutnics 


18 

and sauces 

10,800 

7 

Bacon and ham 

17,000 

12i 

Butter 

7,700 

7 


Here also is a vast field opein lx*fore the chemists 
and inhabitants of this country. 

Besides all these there are many other minor 
industries which can be established in this country. 
They are, for example, clcclro-plating, dyeing and 
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blcachinji; for fabricrs, pri^parations, manufacture of 
disinfectants, ink, metal polishes, manufacture of 
carbon blocks, preparation of some chemicals like 
copper sulphate, sodium sulphide, alum, permanga- 
nate, di-ehrornale, et<'., which have good markets; 
toilet products; manufacture of photographic chemi- 
cals and plates; preparation of some fine chemicals, 
etc.; and these industries cannot develop without the 
assistance of chemists. It is evident that with the 
gradual development of chemical inlustries in our 
country our chemists as also thousands of others 
will receive employment in these industries. 

'I’he accompanying table, which show's the compa- 
rative importance of the principal articles imported 
into British India (Table 3), may be of interest. 

The development of chemical industries in a 
country depends on (o) the cheap supply of raw 
materials (fe) the cheap ^supply of power and lastly 


Glass Industry in India 

Glass Industry in India is of comparatively recent 
growth and is still a small {industry. In order to 
attain greater importance, it requires not only the 
support from the public but also Govcrnraenl patron- 
age and backing w'hich alone can save it from hard 
foreign competition that tends to .stifle every indigen- 
ous industry. But unless the steps that the Govern- 
ment take or propose to take are conducive to a 
greater prosperity and quicker improvement of the 
industry, not much good can come out of it. The 
Industrial Research Bureau of the Government of 
India now claims to devote its attention to the glass 
industry. Its anual report published recently is not 
however very hopeful as far as this industry is 
concerned. “ The importance attached to the develop- 
ment,’* says the Government Communique, “ Of the 
glass indusary in India is indicated by the allocation 
of a complete chapter to the work carried out in 
connection wdth problems of this industry. An im- 
proved pot type of furnace has been designed to 
operate w'ilh considerable reduction in fuel consump- 
tion and to give higher temperature which will en- 


(c) the local conditions. Conditions for many manu- 
factures are favourable in this country. So far as 
industries, which require special climatic conditions, 
are concerned, one should not forget that by modern 
scientifle mcains it is now possible to change many 
local conditions. The technique of air conditioning, 
artiflcial cooling and heating have developed to such 
a degree of perfection that it is not at all difficult to 
modify any local condition according to the require- 
ments of an industry. It is high time that our 
capitalists should come forward and invest capital 
for the establishment of basic chemical industries, as, 
otherwise, these industries are bound to be started 
sooner or later in our country under -manageincrit of 
foreign financiers. The raw materials arc there, in 
most cases the technical knowledge is there and much 
capital is at present idle. At present it is only co- 
operation betwen the capitalists and experts that is 
needed for the establishment of important ehemieal 
industries in India. 


able the costly soda-ash content of glass to be re- 
duced, and arrangements have been made for the in- 
stallation of a demon st rat ion fiirna<r of this design 
in a Glass Works at Firozabad, the well-known centre 
of the glass industry in l!.e United Brovinees. In- 
vestigations arc also being conducted w'ith a view to 
assisting the glass bangle industry. Valuable w'ork 
on the Io(‘ating of deposits of raw materials suitable 
for use by the glass industry and their grading by 
means of analyses and testing of samples is in 
progress.” * 

Since it was published, the report has been com- 
mented on by various individuals interested in the 
glass industry. We quote below somewhat in detail 
the criticism levelled against it by one of the most 
prominent persons of this industry in India: — 

“I have just glanced ‘ through tho Annual Report 
of the Industrial Research Bureau recently released 
to the public and I cannot but express a keen sense, 
of disappointment at the results of the Bureau's 
research activities in connection with the glass indus- 
try After laborious researches during more 
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tfian H yt'.&r and a half, the ihireau i.s ^ning to 
present us with an experiment in a better type of 
fiirnaee at Ferozahad in U. I*, which specializes more 
in the manufaeture of bangles than in other varieties of 
glassware. We have becin denied the advantage of 
proteetion which our languishing glass intlustry 
badly recpiires against foreign competition and now 
we are going to have an experiment to be carried on 
far away from the chief centre of the industry and 
for reasons which would not bear a moment's 
scrutiny. 

" The report of the Hureaii informs us that ‘an 
advanced pot type of furnace has been designed to 
operate with considerable reduction in fuel consiiinp- 
tioii and give higher working temperature which will 
enable the costly Soda-Ash content of glass to be 
reduced.’ Jlut I have definitely comt; to know from 
a Director of an established glass inaiimfat'turing con- 
cern who has just returned from a business tour in 
Japan that pro])ortion of Soda Ash prescribed by the 
Japanese standard formula for glass manufacture is 
almost the same as in our country. The low cost of 
I he Japanese industry must be due to some other 
causes but here in India the effort to secure economy 
by reducing the Soda Ash contont in glass seems to 
be mistlir(‘ctcd ami is not likely to pay after all. 

“ 'rhis is in fact all the response which the Govern- 
ment of India has been pleased to vouchsafe to our 
persistent entreaties for prote<*tion and other forms 
of assistance to the gla.ss industry. The industry 
languishes and succumbs but the Government is sit- 
ting complacent over a research organization that has 
taken about two years to hatch a plan of experi- 
ment of dubious utility." 

We fuly agree with Mr Sen and endorse the 
points of criticism raised by him in the alMive statc- 
inent. 

There is another point which rccpiires mention. 
The subject of scientific glass apparatuses and vari- 
ous other laboratory rccpiisitcs has not yet engaged 


tlic attention of the Bureau, and it looks as if glass 
industry in India is synonymous with the inanufac- 
ture of bangles. Whatever little is being done by 
the native factories in this ease must be supplement- 
ed and improved by the Bureau which stands for the 
})urpose. 

Alkaline-free glass materials form one of the in- 
dispensable commodities for use in the laboratories; 
but unfortunately this branch of the industry has 
failed so far to engage the attention of the Bureau. 
An up-to-date factory for these articles should be a 
paying concern but until and unless built on a scien- 
tific basis tticithcr the quality could be improved nor 
would the prodiurrs be able to compete with the im- 
ported articles, 'rhis is what can never be brought 
within the range of practicality without the active 
support and sympathy of the Government of the 
country. 

It is hoped however that the Research Bureau will 
yet find it worth while to consider this most import- 
ant aspect of glass industry in all its bearings, and 
do somedhing by way of ret'ommcndalions and sugges- 
tions that would ensure a march ahead of the small 
concerns dealing in none-the-lcss important branch of 
this industry. 


Continued from payelnS 

his History of Ihndn Chemistry. But the dourest 
thing he cherisho.s is the school which he 1ms created 
to hold aloft the banner he unfurled. Prafidia 
(liandra lm.s truly betui a nation-builder. He is 
one of those groat men who work ceaselessly, in the 
W'ords of the i)oet, 

“To turn the clod 
To a thing divine 
The earth a shrine 
And Man the God.*' 

B. C. G. 
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Heal of Vaporization of Elements with High 
Melting Points 

Heat of vaporization of (■l(*in(‘Mts is a quantity 
very often required in tlienuoeliornieal and i)!iot<i- 
eJiemical calculations. The method for tliis deter- 
mination consists in measuring tlic vapour pr(*ssure 
of the substance at various temperatures and 
then applying the well-known therinodynamic re- 
lation A = 4’57l h»JX 77-1 where A is the 

latent heat of vaporization and J\ and s‘re the 
vapimr pressures at temp(‘ratur(‘s 7\ and This 
8 im])le relation though sufficiently aeeuratt* at fairly 
low temperatures does not yi(4d good results for 
substances at high temperatures on account of the 
difficulty in measuring the vapour pressure at 
those temperatures. Liingmiiir modffied it atid 
replaced it by the relation ^olT^A-Ji logT- 
log m- I)T“ EIT [PItys, Per, HO, 20(), 1927], where 
Aq* is the latent heat of the substance at 0 *^ Abs, 
A, B, (\ B and K are parameters depending on 
various atomic and gas constants, and itf is the 
rate of evaporation of the substance given by the 

relation m^-p \M!2nP/I) ^ where M is the mol<?cular 
weight, p the vapour pressure at Abs, P the 
well-known gas constant [Langmuir : Phys. Jiei\ 2, 
329, 1913]. With the help of these relations Jones, 
Langmuir, and M^kay found out the heats of 
vaporization of W, Mo, ]*t, Ni, Fe, Cu, and Ag 
having boiling points of 0970°, 5900°, 1800°, 3050°, 
3475°, 3110° and 2740° respectively. Their values 
for the heat of vaporization were 191880, 140000, 
127500, 89440, 89000, 820' 10 and 71320 calories per 
gram atom respectively [Phy. Per. 27, 201, 1927). 
These vahies require confirmation from other in- 
dependent sources to test the validity of LangmuiFs 
relations. Marshall and Norton experimented with 
graphite [HoHrn, Anter, Chem, Soe. 00 , 431, 1933]. 
In the case of graphite the vapour pressures obtained 


in this way yielded a heat of vaporization much 
higher than that calculated from spectroscopic 
data. In view of this disagreement it seemed desir- 
able to test the validity of LangmiiiFs method of 
determination of vapour pressures from the rates 
of evaporation of eh'inents by comparing with those 
<if reliable equilibrium vapt)ur pressure nieasur- 
ments. Harteck had published the result of such 
measurements for copper (/v. Physihvl. (Jiem., IHI, 
1, 1928) and evaluated the heat of valorization 
from his vapour pressure data. Marshall, Dorntc 
and Nortim thus found in copper the suitable 
element by experiment on which the validity of 
LangmuiFs theory could be ascertaiiKHl. 'J'hcse 
investigators heated rings of copper and iron of 
known .surJa(;e area by high frequ(*ncy induction 
furnace in a high vacuum at accurately determined 
temperatures and measured the ratc^ of evaporation 
of these metals for known time intervals. From 
this rate of evaporjition of the metal they (‘alciilated 
the vapour pressure with the help of Langmuir’s 
relation. Their mean values of Aq for temperatures 
ranging from 1300°K to 1 () 0 ()°K for copper is 80709 
J 000 cal/g. atom and that for iron 9()0.33.'‘310 eal/g. 
atom. Hartcck’s value for copper was 81807.1.300 
cal/g. atom indicating the satisfactory agreement 
between the two nu'thods (Jour. Anar. Chem. Sor., 
59, 1101,1937). In this paper it is also point'd 
out that there occurs a systematic tnmd in the 
Aq values for copper. The valuc‘s for solid copper 
lead to a mean A© of 81244 cal/g. atom while the 
values at the melting point and above give a ineaii 
A© of 79853 cal per gin. atom. • 

s. a ikh. 

Chemical Reagent for Vitamin Bx 

McColum and Prebluda report [e/, BloL Chem. 
119, proceedings Ixxix, 1937] that the derivatives 
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of aniline or iiaphthylumineA after being treated 
with nitrous acid produce cliaraeteristic, cohmrod 
solutions when allowed to react under certain 
conditions with vitamin Bi. hjtlier /)-arninoacet- 
anilldc or ?;-aniinoacotoplieiione is suitable for the 
purpose. These reagents give purple-rcd comi)ounds 
which crystallize readily, are st.:iblc, an<l are highly 
insoluble in aqueous medium in which they are 
formed. The erystalliue <*oloured product obtained 
by the use of either reagent is readily extractable 
by acetone or /.vo-butyl alcoltol. 

Since the (;olour of the reacition product witli 
these reagents is sulliciently sensitive to enable one 
to detect the presemee of vitamin Bi in amount 
corresponding to even one international unit in 
1. c.c. of solution, the test has been made the basis 
of the quantitative assay of vitamin Bi in biological 
materials and foodstuffs. 

li. Hhosh. 


Root-forming Skatole 

OlovTr observed the activity of skatole as a 
growth-])roniotlng substance. Recently Warner and 
Jackson [Nniure^ July 3, 1937] carried out experi- 
mcn<s which showed that skatole acceleral<*s root 
formatit)!! in cuttings of Tjcpfospenttiin sroparium 
and Ffcfts repeits. The simple method is to treat 
the cuttings with a(|ueoiis solution of skatole (20 
mg per 100 c.c. watcu’) for 0 hours and then the 
cuttings are planted in a mixture of coeoaniit fibre 
and sand in a propagator. This treatment acceleratcfd 
the root propagation. Nearly GO to 70 per cent 
growth was observed in the skatole treated samples. 
Parallel experiments showed /-tryptophan to be 
inactive. 

B. a. 


The Discovery of a New Purine in Tea 

Treat R Johnson \J. Amei\ Chem, Soc., July, 
12G1, 1937] reports the discovery of a new purine 
in tea. The tea residues left after the commercial 
removal of the alkaloid ' caffeine were treated with 
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methanol to wash out yellow vegetabhi colouring 
matters. The residue was taken into solution by 
warming with methanol. After tiltcring and (iooling 
slowly, hexagonal crystals wer(» noted mixed with 
of her .substiuices. 

The hexagonal crystals were mechanically 
separated with small twe(‘zors and purified with 
difficulty by cry.stallization from boiling water. The 
now substance was charac.terizod by its crystid habit, 
its sharp molting point and neutral character. Aftc*r 
a c*arefnl investigation of the several colour-tests 
applicahlo for the detection and identification of 
specific purine and pyrimidine configurations, .the 
author has come to the (amclnsion that this new 
.substance occurring in tea residue is 1 : 3 : 7 : 9 ; - 
tetramctbyl - 2 : G : 8 - trionypnrine. In fact, it is 
the first methylated derivative of 2 : G ; 8 - trioxy 
purine (uric acid) to be discovered in nature and 
this piiriiK' derivative was first synthesized by Kinil 
Fis(fher in 1884. 

n. 0. 

Extraction of Hard Lac Resin by Means of 
Aqueous Solutions 

In previous imblieations of the London Shellac 
Keseareh Bureau the possibilities of improving the 
lu’operties of lae or shellac w(‘re demonstrated. It 
has now been shown by R. Bhattaeharya [Chem. Tud, 
;76*, r»GG, 1937) that certain solvents under suitable 
conditions (‘ould extract a major ]>art of the soft 
resin component of lae, :ind the residual resin, wliieli 
forms about 70'^/-80'‘!J of the total lae, possessed 
higher softening and nuJUng points, did not *'blush’' 
or whiten when immersed in water, and did not 
attack copper. It has been shown that films of this 
hard resin eompoiient on baking had good adhesion 
and flexibility as well as increased hardness. As 
processes involving extraction with organic solvents 
are hazardous and costly, attempts have been made 
to find other processes of extraction. The possibili- 
ties of extracting lac in aqueous medium, first dis- 
covered at the Teddington laboratories in February 
1936, have materialized in the last few months. 

Aqueous solutions of alkali phosphate, borax, and 
sodium carbonate have been used successfully to 
extract lac resins. The dilution of these salts as 
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well as the quantity relative to the amount of lae 
under treatment <?xtract varying (luantitics of “soft 
resin eompoiu'nt”. Though the aeid value of the 
extraets vary with total pen'cmtage. extraction, the 
acid value of the extracted “hard hie resin'* re- 
mains practically the same in (;ach case. It can be 
assumed, tluirefore, that the main component of lac 
has a definite acid value of approximately oo. A 
hypothesis which can explain the mechanism of 
extraction appears to be that the alkali salts of 
some components of lac resin of high acid value 
are first formed, which then peptize delinite amounts 
of other components, depending on the dilution and 
other conditions. By using amounts of alkali 
insufficient to dissolve all the lac, any predetermined 
(piantity can be extracted. The aqueous solution 
of tin? salt is taken in a suitable vessel provided 
with a mechanical stirrer. The temjiorature is 
maintained at 80°-100°C. and the lae is added. In 
an hour or so the peptized components are removed 
by decantation. The extra(*ted resin is washed 
once or twi<;e with hot water and dri(*d. The “soft 
hi(? resin” can be recovered by acidifying the decant- 
ed a(|in*oiis extract. 

It has been observed that the “hard lac resin” 
can be easily bleached with hypochlorite or ordinary 
bleached hu* can be extracted by this ])rocess to 
give a white hard rosin of low acid value and 
improved [iropcrtics. 

Formation of Lignin 

Polymerization of formaldehyde into glucose 
and that of glucose into cellulose in the vegetable 
world are now established facts. But wc have no 
such definite knowledge regaixling the formation of 


lignin in plants. Comparatively fewer workers 
devoted themselves to the solution of this portion of 
the lignin problem. Some years back Wislicenus 
advanced the hypothesis that in the plant, glucose 
and fructose arc formed simultaneously —while 
glnco.se is transformed into cellulose, fructose is 
convert(‘d into lignin. The most perplexing thing 
in lignin cluMni.stry is the faert that lignins from 
different sources are found to b<‘have diff'er(*ntly. A 
g(?neral theory of formation of lignin can hardly 
explain this. The recent observations of /lierebov 
(Ihnmninmyn Prom,, /d, ‘.^7, has thrown 

some light on this problem. He finds that tiie 
accumulation of lignin in a plant ti.ssue proceeds 
differently according to the physiological function 
performed by it. In young and old pine Avood, the 
percentage of lignin is found to be constant, while 
in the case of cereal plants, the lignin constant 
increa.ses continuously with age from nil to the nor- 
mal value in a ripe plant. In conifers, in the 
early stage of growth, lignin is found to possess no 
methoxyl groups — the methoxyl value increases with 
maturity. This is contradictory to the views of 
Xlason who holds that lignin owes its origin to 
coniferyl complex. Zherebov has det(‘cted sufficient 
amount of hydrocarbons with methoxyl groups in 
these plants, the ipiantity of which de(;r(‘ases gra- 
dually as the methoxyl value in lignin increase's. 
According to Zherebov these hydrocarbons pl.ay 
an important role in the formation of lignin in 
plants. Obviously, larger number of plants of 
different types must be thoroughly studied with 
rifspect to the formation of lignin in the light of 
Zherebov's observation.s before a final theory can 
be advanced. The formation of these hydroc;ir- 
bons as well nas got to be adequately explained. 

J\ U. Sarhir, 
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University and Academy News 


Anthropological Society 

Tlic* aiuiuiil of tlin Aiitlir(^|)oloirifjil 

Society was held on I Ik* 2Htli duly, at do Ihilly- 

}iuiij;<* (drcnhir Road, Calcutta, in the Antliropolo- 
gical Seminar, Calcutta rniversity. The following 
ollicobean'rs wen; elect(‘d. 

/Vesidcni— Mr K. I*. Chattopadhyava. Secretary^ 
Dr R C. Kiswsas. Secretary --'SU K. H. llosseam. 

Representative of the Rx-s Indents— ytr N. K. Hose. 


Indian Chemical Society 

An ordinary ineetinj^ of the Indian Cheinical 
Society wjis held on the 23rd of July Hid?, in the 
Chemistry Lecture Theatre, Lnivensity College of 
Science, !)2, Lpper Circular Road, Calcutta. 

Professor J. N. Mukherjee was in the chair 
The eluiirmaii r(‘f(‘rn*d to the loss sustained by 
th(» So(‘iety through the d(*ath of Prof. Fauna T^al 
of Science College, Patmi, who was elected a Fellow 
in IH2(). The chairman moved the following 
resolution : 

The Ffllows of the Indian Cheinical Society offer their 
sineere condolence to the bereaved family of Prof, Panna 
J^al in their grievous loss. The resolution was earrieil 
.standing. 


The chairman ])rcsented the Sir P. C. Ray 70th 
Hirthday C'Ommemoration medal to Dr R. Sarkar 
who was considered to be the bi'st candidate* by the 
Board of Examiners apiiointed by the (^)uncil. 

The following gentlemen are admitted as fellows : 

1. Mr Charles H. Shirtcliff ( Ishapore); 2. Dr Tarapada 
Banerjee, D. Sc. ( Dacca); 3. Mr B. B. Chaiidhnry M. Sc. 
(Poona), 4. Prof. Andre ('drardet, ( baii.sanne); 5. Dr S. V. 
Anantakrishnan M. Sc. Ph. 1). (Calcutta); h. Mr M. O. 
Kale, M. (Bombay). 

The following gentlemen wen* (*le(?ted as Fellows 
by ballot: 

1. Lala Chetan, Anand, M. A. (Lahore); 2. Mr Champa 
Lai (Ludhiana); 3. Dr .1. L. Sarin, M. Sc., Ph. D. (Lahore); 

4. Dr A. N. (diei, M.B., B. S., 1). T. M., D. P. 11. (Lahore); 

5. Mr B. K. Menon, M. Sc. A. I. I. Sc. ( Rangoon); h. Mr 
Y. S. Owan, B. Sc. (Rangoon); /. N. K. Brahmachari, 
B. Sc. (Calcutta). 8. Dr A. N. Bose, Dr. Ing. (Calcutta); 9. 
Dr B. N. Pramaiiik, Ph. I). ( Shahjahanpur ), 10. Mr. B. N. 
(vho.sh, M. Sc. (Calcutta); 11. Mr P. N, Sen Gupta, M. Sc. 
(Calcutta); 12. Mr M. Po Tha, M. Sc. ( Rangoon ); 13. Mr 
M. San Tun, B. Sc. (Rangoon). 

On being recpiested by the chairman Dr P. B. 
Sarkar deliverf*d tin* lecture on ‘The pre.sent state 
of our knowledge of lignin". 

Dr P. (\ Mitter, Dr J. X. Mukherjee, Dr 8. V. 
Anantakrishnan, Mr AF. A. Saboor, Dr D. (^hakra- 
varti. Dr B. C. Oului, and others took part in the 
diseitssion. 
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Letters to the Editor 


A Comparative Study of Vitamin G 
in a few Germinated Oileeedi 

Some time af;o one of us* reported on the vitamin C 
content of fjerminated peas, estimated according to the 
titration method of Harris and Ray* as modi ft od hy Ghosh 
and Ouha* and Guha and (ihosh*# Of late the existence 


oxidizes a part of the vitamin C in natural products even 
in course of its estimation hy the above procedure. To 
obviate this deleterious effect of the oxidase, Mack and 
Tressler* have recently introduced a niodillcation of the 
above method by the use of sulphuric acid in place of 
glacial acetic acid. 


TABLE I. 


Hours of 
germination 

Mustanl seeds 
(black) 

Hrassica 
Canipeslris I. 

Mustard seeds 
• (white) 

Kaisarisha 

Bra.ssica 

Juncea 

Hook I** 

Sesame 
(black) 
Scsamiim 
Indicuiii l)e 

Sesame 

(white) 


0.182 

0.288 

No germination 

Nu germination 

0.054 

48 

0.390 

0.236 

0.088 


0.094 


0.326 

0.213 

0.119 


0.053 

Average 

0.299 

0.268 

0.103 

- 

0.067 


0.185 

0.309 

0.123 

0.030 

0.064 

72 

0.574 

0.523 

0.119 

0.025 

0.140 


0.280 

0.276 

0.153 

0,020 

0.087 

Average 

0.346 

0.369 

0.132 

0.025 

0,09 r 


0.313 

0.435 

0.115 

0.056 

0.140 

96 

0,672 

0 532 

0.270 

0,024 

0.104 


0.401 

0 395 

0.237 

0.021 

0.103 

Average 

0.462 

0.454 

0.207 

0.034 

0.116 


0.420 

0.526 

0.213 

0.059 

0.216 

120 

0.797 

0.464 

0.342 

0.027 

0.292 


0.329 

0.589 

0.216 

0.024 

0.176 

Average 

0.515* 

0.526** 

a 257* 

0.036* 

0.228* 


0.058 

0.047 

0.047 

0.015 

0.013 

Ungerminated 

seeds. 

0.065 

0.064 

0.040 

0.016 

0.016 


0.057 

0.047 

0.040 

0.016 

0.012 

Average 

0.060 

0.053 

0.042 

0.015 

0.014 


of an ascorbic acid oxidase in many vegetable tissues con- In the present paper we have investigated the vitainiti 

taining vitamin C has been established. This enzyme C content of the germinated oilseeds by making use of both 
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LETTERS TO THE EDITOR 

the methtHls. The tables given will show the difference 
in values for the different methods employed. 

Clean, dry, mature seeds were first soaked in water for 
3 hours. They were then placed in the folds of wet lint and 
kept in petri dishes. In most cases gooil germination took 
place in 48 hours. They were w'orked up for the estima- 
tion of vitamin C at intervals of 48, 72, % and 120 hours 
after they had been first soaked in water. lOg. of the 
germinated seeds were taken in a mortar with 2.5 c.c. of 
20% trichloracetic acid solution and a few grammes of 
Merck’s sea-sand. The seeds were finely ground with a 
few c.c. of distilled water and centrifuged. The centri- 
fugate w'as made up to 100 c.c. and titrated against 2:0— 
dich1orf)phenol indoplicnol according to the method of 
Oulia ami (*hosh as mentioned above. Tliree .sets of 
experiments were made with seeds from different .sources 
and their average, value was estiniatc<l. Dry weights of 
each .sample of experimental seeds wcic delctiiiined and 
the amounts of vitamin C in mg. per gratiimc of the sub- 
stance on the basis of dry weight have been recorded iti 
Table I. 


TABLE 11. 


Hours of 
germination 

Mustard 

.serd.s 

(black) 

Mustard 

seeil.s 

(white) 

Sesamr* 

(white) 

Hesame 

(black) 

48 

0.256 

0..366 

0.047 

- 

72 

0.510 

0.630 

0.0125 

0.049 

96 

0 . 667 * 

0.689 

0 . 192 + 

0 . 050 « 

120 

0.444 

0 . 786 » 

0.138 

0,035 

Ungcrraiiiated 

seeds 

0.089 

0.106 

0.023 

0.022 


TABLE IIA. 


48 

0.313 

0.397 

0.060 


72 

0.759 

0.687 

0.105 

0.063 

96 

0 . 979 * 

0.909 

0 . 226 * 

0 . 066 * 

120 

0.450 

0 . 978 * 

0.172 

0.041 

Ungerminated 

seeds. 

0.115 

0.138 

0.024 

0.024 


In the second case the seeds were germinated in the 
usual manner and at each stage of germination two lOg. 


lots were taken out and the vitamin C content of one was 
determined : (1) by the al>ove method, (2) by the modified 
method of Mack and Tressler in which 2 c.c. of 15% H1SO4 
were used along with 2,5 c.c. of 20% trieliloraeclic acid .solu- 
tion during extraction of the vitamin. It .should be noted 
that only one <et of experiments has been done in this case. 
These results are given in Tables II and II A respectively. 
The asterisks in the tables mark out the maximum value 
obtained with individual seeds investigated. 

SUMMARY 

Prom the tables it is evident that the white mustard 
secfls furnish the greate.st while black .se.sain« the least 
amount of vitamin C on germination. Tliat enliani'ed 
v.alues are obtained from M.ie.k and Tressler's modi fi cation 
is apparent from Tallies II A. Incidentally, it has also fieen 
noticed that there exists almost a direct proportionality 
between the growth-rate of tlie sprouts and the vitamin C 
content in the samples investigated. 

Our sincere thanks arc due to the authorities of the 
firm for their constant help and encouragement. 

Biochemical Laboratory, H. O. Biswas. 

BcMigal Chemical & I’harmaconlical K. I.. Da.s. 

Works Ltd. Calcutta. 

26. 7. ,37 

1. SCIHNCR AND Cui/ri RK, f, 778, IW 

2. Bwchem. .L, ^^7, 503, 103.3. 

3. t/. Indian Chem. Soe., 12, 30, i03S 

4. Current Science, 2, 1').L5 

5. ./. Biol. Chem., 118, 735, 1037 

Abnormal Spikelets In Paddy, Oryza Satfva Linn 

In a field of Patiiai padtlv (Oosaba 23) at (lO.saba, vSir 
Daniel Hamilton’s Instate in the Sundorbans, plants were 
noticed with ears conlainiiig abnormal spikelet which at 
first sight looked like so many empty and opened spikelets. 
(Figs. 1, 2) Tlie abnormality consi.sted of innumerable 
v.^riations in the number of glumts, .stamens and ovaries. 
The ears were collected and an analytical study of the range 
of abnormality was carried out in the laboratory. A state- 
ment is given below of the re.sult of the analy.sis. 

Tillers : There were altogether 20 tillers in the ears of 
which the range of variation of abnormal spikelet was from 
34% to cent per cent. That is to say, there were cars with 
34% as well as cent per cent abnormal spikelets, the 
normal spikelets w’ere, however, also empty. 

Spikelets : The normal spikelet of a paddy consists of 
the following parts ; 

1 1 ) Two outer glumes. 

(2) Two inner glumes. 

(3) Six stamens. 
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(4) One ovary with a style and two feathery 

sliKni5>s. 

(5) Two lodicules at the base of the ovary. 

(i) The abnormality of outer chimes consisted both in 
number and .shape. There were cases where 3 outer j^lumes 


(ii) The most peculiar types of abnormality were ob- 
served in the number, .structure and shape of the inner 
f^lumes. The number varied from single to as many as S 
(Fiks, b 5, 6, 7). vStructurally some of the jijluines were just 
like normal with prominent ribs, others were 

devoid of any trace of rib.s and looked like carlilajrenous 
outj'rowth. (Fi>>;. b jj;l. 5, h'ig. 7 gl. 6 & Fig. 9 gl. 5). These 



were noticed. In such cases the glumes w»ere of elongated glumes were usually of narrow and elongated shape. In 
and narrow shape (Figs. 3, 4). certain cases they looked like split glumes having insertion 
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at the same line of the rachis of the spikelet (l-'i^* ' ")• 

In shape, thoii}i;h some of the 3r(l glumes were of normal 
nature, yet most of the 1th glumes were very irregular 
having curved ami refloxed a])pearanee (I'ig. S, 9). Most 
probably due to this irregular shape of the inner glumes, 
they could not be fitted into one another to form a compaet 
normal spikelet, and hence they remained open. 

Stamens: In certain cases, the stamens were com- 
pletely absent as though they were dioecious spikelets 
(iMgs. 10, 1 1). In those cases where stamens were present, 
the number varic*d from 1 to 5 (I'ig.s. 12, 13, 15). There was 
irregularity in the shape, si/e, and fdameiits of tlie stamens. 

OiiU'ies : There were spikelets without any trace of 
ovary, though stamens wore ])resent (bMg. 12). In certain 
ea.ses iloiible ovaries were found with trifid stigma (b'ig. 10). 
The latter kind of stigma were also ])resent in the case of 
single ovary. The shaj)e of the ovary was usually of elongat- 
ed tvpe with sowlen base (1‘igs. 7, 10). I.odieules were 
absent in most of the eases, but where they were present, 
the number varied from single to two (I'igs, 1 1, 13). 

Re])orts reganling the oceiirrencc of such abnortiml 
fi])ikelets of rice plant is not frecpient. Nagai (1924) men- 
tioned about the occurrence of certain abnormality in the 
fourth and filth generation of a cro.ss. Although the 
])ieseiit case of abnormality is not an exact replica of what 
Nagai had observed in his material, >et it may be .said that 
there ate ceitain similarities in the nature of the two cases 
r>f abnormality. In one e.ase' the abnormality of the spikelet 
consisted <»f the fealher'Sha])ed stigma transformed into 
three extra anthers which were mostly abortive but which 
occasionally pioiluce healthy pollen giain.«, this mutant was 
calleil by him as stamioidnl sterile. In this plant the polli- 
nation was naturally not possible, and the mutant form 
could only be kept as a staminate stock. It had happened 
tlieiefore that a dioecious form ha«l arisen from a herina- 
])hrotlite ory/a. In the present ease a dioecious form has 
arisen by complete absence of stamens in the spikelets. 

In the second case of mutant the peculiar feature was 
that a certain number of spikelets produced more than one 
ovary, each of which had fully deveIope<l stigma. In the 
pre.sent case, spikelets with double ovaries were noticed. 

In the thiril case, the plant a])peared as .sect)udary mu- 
tant from above-mentioned mutant, here the spikelets were 
abortive with a number of small, su])ernumery green glumes 
found within the regular glumes which were narrow. The 
anthers and ovaries were seldom formed but geuenlly 
abortive. Con.secjiiently the mutants were completely 
.sterile in both .sexes. In our uiatcrinl there were several 
.spikelets with supcrnuniery glumes like the above, but less 
in number, the maximum number of glumes being 8. 

Haigli (1936) reported a case of abnormality in the spike- 
lets of rice from Ceylon. The abnormality was a clear case 
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of chloranthy, in which all or the great majority of the 
organs of the flower became metamor])hosed into leaves. 
Although the pre.sent case has not got the least resemblance 
with chloranthy yet nicntion of this abnormality has been 
made as it was also with .spikelets of rice. 

It is rather difficult to give a reasonable explanation to 
the occurrence of abiionnalitv of the present case. Only tw’o 
plants were found in a field of several acres of paddv. It 
might be a ca.se of mutation, but the mutation was sterile as 
there w.as no full grained .spikelets in any of the two plants. 

Adver.se growth condition m;iy .sometimes induce similar 
abnormal development of s])ikelets. Hori (1890) reported 
the occurrences of a wiclely distributed disease due to phy- 
siological causes. He consifiered that abnormal ilevelop 
merit is due to an exce.ss of nitrogenous manure, influence 
of .sew.ige water, sudden water supply after prolonged 
drought. 

Vamiski (I92.l) also observed a .similar anomaly in the 
.shoots which were produced by the .secondary growth of the 
remains aft(‘r the harvest and which were ke])t in the green 
house throughout the winter. lit* consideis that insufficient 
sup]»ly of heat in winter may be one of the chief causes. 

Unfortunately in the present case the plants were noticed 
in their ailvanced age, when they were read> for harve.st, so 
it was not ))r).ssible to collect any data of their growth and 
envirrmment. The roi)t stock of the plants were however 
brought in the laboratory and were plactjd in the pot. After 
undergoing a pt*rir>d of dormancy for several months some 
tillers have cimn* out. They are under careful observation 
forfuilbci study. 

Sli.MMARY 

A few jdaiits with ahmirmal ears vveie found in a field of 
Paliiai paddy ((losaba 2.1) in the Ivstate of Sir Daniel Hamil- 
ton last December. 

All analytical stiuly of the abnormal spikelets was per- 
formed. The abiionnality consists of inmnnerable varia- 
tions in the nuinber and structure of glumes, stamens and 
ovaries. 

Hctmoniic Hotani.st’s .Section, ,S. Hcdayetiillah. 

(b)vt. Agricultural I'arm, Dacca. A. K. Chakravarty. 

8. 8. 37 

llori, S. (1890) Inc no Aotategarehyo (on “Aotategare” 
disease in rice). Agric. Kxper. Staiiotiy Report No. 9, 
319-328. 

Yamaski, M. (1923) Inc ni okerii kikei no Ilatugen nt 
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Tk^ DeUrninatiMi ot Total Nitrogen in Complez 
Nitrogenons Bodies 

It is well known that the dii^estion by the usual 
Kjeldahl method in the deleniiination of nitrogen of milk, 
blood scrum and similar oth('i* substances containing com- 
plex nitrogenous (’ompound takes much lime, and numer- 
ous attempts have been ma<le to shorten this <ligcstion 
period. The use of selciium, alone or in eombination 
with other catalysts, has been often bnind to be very advan- 
tageous and this witn mercury, according to l*ov and 
Nalder’, or with phosphoric acid according to Cambell and 
Hanna', efleels the greatest saving of time in digesting 
aimple organic nitrogenous botlics. I'or about a year we 
are using seleniiiiii willi yellow mercuric oxide ( l;2 ) for 
the digestion of various nitrogenous compounds, such as 
milk, whey, lymph and otluM* protein boilies. The above 
mixture saves much time and at the same time is found to 
be reliable and effcclivt* in our bauds 

The usual proccdiiie is to mix the particular substance 
( 2 c.c. in case of a liquid and 0.1 to 0.5 gm in case of a solid ) 
with sulphuric acid, sp. gr. 1.84, ( lOc.c. ), p<»iassium hydro- 
gen sulphate ( 5 gui ), crystalli/.od copper sulphate ( 0.5 gm ) 
selenium ( 0.05 gm ) and mercuric oxide ( 0.1 gm ), and 
heat the mixture gently in a 50 c c. Kjeldahl flask with a 
Teclu burner for about 5 minutes and then vigorously 
for about 5 to 10 minutes when a fine clear blue coloured 
solution is obtained. It is then allowed to cool and 


diluted with about 25 c.c. of distilled water. The solution, 
after cooling, is carefully washed into a 250 c.c. round 
bottom flask and the acid solution is made alkaline as 
usual. A few grams of sodium thiosulphate crystals ( about 
oiie fourtb of the amount of alkiili used) is added and the 
nitrogen is estimated in the customary way. The results 
obtained by this method did not differ appreciably from 
tbo.se obtained by dige.siing the same .substance with a usual 
digesting mixture consisting of .snlpbiiric j cid ( 10 c.c. ), 
potassium hydrogen sulphate ( 5 gm ) and a trace of copper 
sulphate. The advantage of using the above eabdystis 
that the lime required for obtaining a clear blue .solntiou 
varies from 10 to 15 miriute.s, whereas the latter and the 
UhUal me. hod g.ncijilly recjuircs two to three hours for 
complete tligosiion. This obviously .savt*s a great expendi- 
ture <>f lime a id fuel. 

The details of the pai>er would be published elsewhere. 
In conclu.sion, we wish to expre.ss »)Ui .sincere tbank.s to Dr 
IT Ilnsu for bis interest in these observations. 

Re.search l.aboratory, 

Uengal Immiiinty, H. C. P.osw.'nni. 

Caleiilta. M. R. Ray. 

19.8 37 

I- Poe, C.R and Nalder, M.IC., lnd, and Eng. Cbeiii. 
.\nal)l. Ivdition p. 189 (1935) 

2. Cambell, W R. and Ilaiiiia, M.\., JIB, 

1 193/,. 
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Obituary 


MARCHESE GUGLIELMO MARCONI 

Karly in tlu*. nuuMUMj; (»|’ July ‘JO, Msjn’hoso 
Oii^iiolino M}irc<>in\ tli<' of win*loss, dic'd of 

tronhJos in his hoiiso in l^)mo :d ihr* of 0.‘{ 

ycnrs. 

(TU{*liolino Msirooni was born at bologna, Flaly, 
on April Jo, 1S71. Ilis oarly lib* was no! iiidiko that 
of a b<»y of av(*ra»;(; merit. Tli(*r(* was not a sinj^le 
iii(‘id(ait in his scliool days (o show that tlie boy 
would ono day boeoim* Marconi, ihc greatest name 
associated with the whoh* history (d' wircl(‘ss. lie 
was naturally shy and retiring:; but he had a slroiijy 
determination that enabhal liini to .succeed in his 
(•rowninjr achievement at so early an a;5<'. 

Marconi .started Ids ednejitional career at l>ol<»^- 
na. He had a particular likiiij; for electrical <‘xperi“ 
nients from his very boyhood. When he jjrew 
old(‘r his interest in tlwse experiments gradually 
deepened, lie was not so well up in the theory <»f 
eh‘ctricity as In; was in tluj practicid side of it. II<* 
}M*rlbrni(‘d with brilliant suc(*ess (*acli and ev«*ry 
experiment he laid his hands on and almost always 
made far-reachinj; improveimuits in tin* d<'tails of tin* 
apparatus iis(‘d by his pn*decessors. He was fudy a 
lad of 13 years when he hcanl of the experimentjd 
dis(*overy of electromaj^netic waves made by Heinrich 
Hertz in brilliant continuation of the predictions 
t»f MaxwtdPs mathematical hypothe.ses. He wjus 
l^articuhiHy attracted by the j’esearch(*s coiuliKded by 
tin* llolognese physicist, Augnsto Uighi, in connexion 
with th(‘se electric wave.s. He was not late in 
realizing that thc.se wave.s might be (’onvenicntly 
made ii.se of in transmitting mcs.sagcs from one place 
to another without the, hel]) of wires. 

But his retiring natnn^ at iir.st prevented him 
from putting his hands on such an attempt. He 
suecessfiilly repeated every published oxperinmnt in 
connexion with the Hertzian waves but could in^t 
Wieve that he was alone in n*aliziiig the coinnier- 


<*iai possibiiitic's of these* wav(‘s. He therefon* waited 
and watclu'd for some announc(‘ment in the technical 
papers regarding the applicaiion of the Hertzian 
waves for pra(*ti(*al purposes. Full one year pa.s.sed 
by, but, to his astonishment, A[an*oni found that 
nothing of that kind appeared. He then made up his 
mind and start(*d work at once. 

His first cxperim(*nts were pc'rfonncd in ISDf) 
in his father s ctuintry hon.se, the Villa Grillbne, at 
Foiitecchio. Ho installed his transmitter at one 
end t)f tin* gardi'ii and at the oth(‘r ('nd the r(*ceiving 
aiiparatus was located. At each end a short ])olc 
was (‘n*clcd and was conn(‘cl(‘d to the transmitting 
and the receiving apparatus by means f>f insulated 
wir(*s. 1 le thus suc(a*(*ded tn signalling aeross the 
ganlcn but he could never have imagined that his 
success in this simple experinu'iit would be the 
foundation of om* of the im>st important a.spects of 
our s<‘ientillc civilization. He ma<lo constiint im- 
Ijrovemeiits on the aparatiis he us(‘d and thus 
i'ontiiuially increas(*d tlu* raiige of his tran.smi.s.sionH 
until ill the heginning of 18!M> ho was .able to signal 
a<a'o.ss a <li-;lance of J miles. In Jmu* bSIMi he went 
t«i Fngland and received introdiietion to Sir Willi- 
am Ihaa'ce, (’lii(*f Fngineer of the Host Oillee Tele- 
graphs. who reeogniz(‘il Mareoiii’s system in his 
ollhaal capacity ami greatly a.ssistcd him in its deve- 
lopment. 

I'hc essential b*atures of tlu* apparatus used by 
Marconi were all inventions of other scientists. 
1'iie credit of .\farconi lies in improving the details 
of tiie.st* apparatus and also in making very valuable 
additions, lb* inodilied the “three-spark exciter” of 
Righi to in(‘r(*ase elVieieney of the transmitter. The 
eoherer of Branly ami Lodg(* was greatly sensitized 
in hi.s hands. Repeated experiments soon led him 
to discover that the range < f transmi.ssion can be 
greatly increased if, after the idea of Popolf’, both 
the tran.smitU*r and the receiver arc connected to 
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long vortical wires instead of to tlio short polos 
which wore originally used. With those, inodilicsi- 
tion.s ho constantly added to the distance over which 
signals could be sent. At last in ^fareh 1H90, to 
the int(Mis(> oxeittanent of the public, ho was able to 
soikI signals from South For(‘land to Wimoreiix, a 
village on the French coast at a distan<*e of .‘V2 
niiles from tlx* transmit ing station, thus bridging 
the Fnglish Fliiinnel. 

]ly this turn* Sir Oliver Lodge dis(‘ovcrcd the 
ju’iix'iple of tuning or synlonization, as he called it, 
ami showed that some d(‘gn‘e of priva<*y in the 
im‘ssag<'s transinittiid could lx* obtained by this 
device. Marconi ((iiickly took up the id(‘a and 
embodi(‘d Lodge’s ])rinciple in his sub.seijuent 
improv(‘d type* ed‘ transmitters and re'ceiveis ft 
ought to be m(‘ntioned here that prior to this 
improvement, Marceiiii’s system had the great dis- 
advantage* that se‘e‘re‘e*y of the me‘ssagi‘s e*ould ne>t 
be maintain<>d and that with the* installatiem eif e*vcry 
adelitional transmitter mutual inte*rfere*ne'e* ine*rcased 
e'ausing gre‘at elillicidty in weuking. 'Phis was a 
serious elrawbae'k eif any system of wir(*less ceuu- 
munie'ation and thre*ate*ne*el te) plae*e* drastie* limitation 
e)n its applie‘ation for e*on(ide*ntial purpeises. 

Tt was now time fe)r Mare*oni to ine’r(*ase the 
eirie’iene’V e)f the* detee'teu’ — the* coherer of Hrardy had 
alreaidy be*e*n enormously impre)ve*el by him. He found 
tlnit the sensitivity of the* <*e)he*rer was ne)t high 
enemgh to enable* furthe*r ine*re*a.se* e)f the range of 
siice'c.ssful transmission. lie* there'fea’e* discarde*d it 
and d(*vise*d a ne*w magne*tie* dete*e!te>r which had 
dee*i(h*d advantagi*s e)ver the e-ohercr and was much 
more sensitive. With this impre)ved apparatus 
]VIare*e>ni sue*e*e'e*de*d in sending signals from St. 
(Jatherine*'s in the* Jsle e»f Wight to the Jiizarel 
in Cornwall, a distance ed’ Ibn miles. The*se 
repented sue*e*e*s.se*s embolde*ned Marconi more than 
ever and e*arly in HlOl he had already in his mind 
the apparently impe)ssible! task of bridging the 
Atlantic, lie se ion realized that this attempt would 
reeiuire for its sue?cess ('lectrie waves of far 
greater stre*ngth than had ev(*n before been 
produced. He replaced the batteries by a high 


powci* alternator and employed huge Leyden jars in 
place of th(* comparatively smaller ones hitherto 
used. A long-distance transmitting station was ins- 
talled for the first time at Poldhu in Cornwall with 
high steel masts for erecting the aerials and with 
the newly design(*d high power spark generator. 

In December IhOl, Marconi arrived in New- 
foundland with two assistants. They failed for the 
first few days in their anxious attempts to get aloft 
.several hug(i kites for supporting the aerial. At 
length, on the TJth at about noon they managed 
with diflicnlty to lly a kite* 100 ft up. A wire 
attached to the kite served for the aerial but Mar- 
coni failed to rcc(‘ivi? anything for about half an 
hour. It appcar(*d for tlx* time being that this 
daring att(‘mpt would ultimaO^ly end in failure. 
Hut Marconi was far liio a<lvaix‘ed to give up his 
task so c‘asily. He aixl his assistant, Kemp, kept, 
on listening to tlx* earphones with full attention. At 
last wlx*n the clock strixdc l‘J. 00 p. m., with un|)re- 
<*ede,nted excitement and joy, tlx*y heard the faiiit 
Morse dots signifying the letter “S” sent by the 
operators at Poldhn as previously arranged. Thus 
what had seemed to be an illusion a few minutes 
before now b(‘(*aiiu‘ an aecomplislied fact. 

The success of Marconi in bridging the .Vtlantic 
opened a new era in the history of human civiliza- 
tion. It was the crowning achievenx'ut of Mar(*oni 
and was undoid^tedly I he most memorable incident 
of his eventful car(*er. U gave him a fresh impetus 
and with renow(*d energy he s(*t to work on further 
developments of his apparatus in every detail. This 
result<*d in increased r(*liability of wirele.ss coinmiir 
iiication and as early as 11) 10 innumerable transmit- 
ting and rei^tiving gears w(?re installed in Europe 
and America including some exclusively meant for 
r(*gnhir press s<.*rvic(*. 

The next great achiev(*ment of Marconi was 
his .success in inventing a new sy.stem of beam 
traiismi-ssion. Sinc(* 1014 he was engag(‘d in inves- 
tigating the possibilities of short electric waves. 
He had already discovered that employing very 
.small power regular communication could be made 
over much greater distanc.es, si)ccially at night, 
with short waves (120 metres or so) than with 
the longer wave.? (1000—20,000 metres) hitherto 
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used. With the aid of short waves he set up a 
system of beam transmission by which the radia- 
tion from the transmitter can be direet(*d in a 
particular direction instead of b(‘inji5 si^attered 
uselessly in all directions. 'I'liis system elfected 
very threat economy of power and cost and also 
liad several other advant^i;;es over non-directunial 
transmission. 

With the development of beam tniiismission 
and with the experience trained rc'^ai^liny: the; ad- 
vantaj^es of short waves a lar^jc nnmljer of beam 
stations were cstablislKMl thronj»:Iiont the world. 
I5y a vast indwork of stations coniicctinji; 

important centr(‘s of the world was ctunpletc and 
communication by wireless became an indis|>en.s- 
able necessity of everyday life. 

During the next few years Marconi dir(‘clcd 
his attention to the application of micro-waves 
varying from o centimetres to 1 mein* in length, 
lie showed that, these waves could be r(‘(l(‘eted 
almost as easily as ordinary light waves and could 
bo iitili/.od for spe(*eh transmission ov(‘r moderate 
distances at the expense of remarkably small power. 
Jn fact he was able to speak to a distance of 170 
miles with the aid of these waves with a power 
not greater than that consumed by the headlights 
of a motor-car. 

fii 1!KU h(; invented w'hat is called a radio 
“beacon’^ which facilitated the navigation of steam 


ships on the sea and the landing of aeroplanes 
during inclement weather. 1'he blind landing of 
airships, a system which is still in its infaiu*}-, 
has beiMi made possible by this valuable inviMition 
of Marconi. 

The services rend(‘r(*d by Marconi by his in- 
valnable researches in the domain of appli(‘d s»‘i(‘nce 
received wide recognition all over thewoild. lie 
was made a Ch(;valier of the (’ivil ( )nler of Savoy 
in inOo and in IDlo was elected a member of tin; 
Italian Senate. The Xobel Prize for Physics was 
awanied to him in P.M)!). lie was created a ^iarchese 
in ami in ID.TJ he re<‘civc(i the Kelvin .\icdal. 

During the closing years (»f his life his mind 
was busy with the novel idoa of transmitting power 
by nn*ans of wireless, ileport was |)nblisln‘d in the 
t»rcss a lew' months ago of his siici-css in this dir(‘c- 
tion, altlioiigli only on an expcriiiuMital scale. 

iie w'as conscious even in his (^Id agt* of the 
limitless possibilities of wirch'ss. '^I'he tremendons 
progress m:ide dnrin thr‘ short period of a single 
niairs carc(‘r that of the inv(‘ntor .Marconi - has been 
truly amazing and has no prcj-cihaicc in the W'hole 
history of physi(‘s. Vet he was not th(‘ man to give 
it np but had still further dcvi^lopimaits in his mind. 
“I iind ipiile inipossibh‘”, said .Marconi, “to visualize 
any delinitf* limit as to w'hat more may be achieved 
in cv<Mi tin* not far distant fnlnre . . . VVe an* 
yet, in my opinion, a very long w'ay from being able 
to utilize electric wav»'s to anything like; their: full 
extent.” 
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Indian National Reconstruction and the 
Soviet Example 


Scientific Research and Social Planning 

WiiKN sijirU*(l SiiKM'K .\Mi ('n;rri{K iihut 
tliMH two yi'nrs :ijjro wo wroti* tlui! om* object 
WHS not only populariziition of scientilic kiiowloiliro 
but also to advocate tin; application of .science to 
all problems of our national recoiistniction. Oiir 
readers are already aware wliat we have done in 
this direction in the past. The Indian National 
Congress has now assumed office in seven 
important provinces and it is rumoured that 
they are conteniplatinjr schemes for national 
development. The AIMndia Conjjre.ss Committee 
meeting hold at Wardlia in the middle of Aiimist 
passed resolutions embodying many of the 
vi(‘ws which we iiave been advocating from 
time, to time in these columns. The (amjiress 
Working (.'ommittee has passed tin* following 
resolution ; 

The Working Coniiiiittn.' recoiiiiiieiKi.s to Congress 
Ministries the appointment of commitlee.s of ex])erts 
to con.sider urgent vital problems, the .solution of 
which is necessary for any scheme of national recons- 
truction and social planning. Such solution will require 
extensive surveys, collection of data as well as a 
clearly defined social objective. Many of these problems 
rannot be dealt with effectively on a provincial basis 
•md the interests of adjoining provinces arc inter- 
linked. 


t. omprclicnsivp ri\cr surveys an* necc.ss.ir\ foi the 
formulation (>r a ]>oli(:v lo ])reM nl disastrous fbxuls ami 
utilize ualer for |)ur}>osf‘S of irrigatirm. to c«msider the 
pioblem of .soil ero.sioii, to enulicate malaria aiul for the 
development bvilro eleetrii* ami oilier sclieiiies. I'or 
this purpose tlie whole river \alU*v will have to be .survevcMl 
and inve.stigateil and a large scale of Slal«‘ planning resorted 
to. The devtdopinetil and control of industries require 
also joint ro-ordimiled a(‘tion on the purl (»f several 
])rf)vim*es. 

The Working Comniiilt*e advises, therefore, that lo begin 
with an interprov iiieial coininiltee nf rvpei ts be appointed 
to consi«ler the gcnn al nature of the problems to be faced 
and to Miggest Imw and In what onler this should be 
tackled. This e.xpeil ctnnmiltce mav suggest the formatiiin 
of a .special coinmittee ur boards to ismsider each of such 
problems .separately and In advise the ])rovineial liovern- 
nients eone<*rnpd as lo joint aetif^n to be itmlerlakcn. 

Wi* liavc reasons to believe that tlicsc rc.soliitions 
of the mo.st important political party of our 
<*onntry were in^pin'd by article.^ appearing in 
onr journal. 

Many people in onr country st‘em lo imagine 
tliat the seliemes we have advocated are too am- 
bitious and c.vpensive, but a parallel example from 
another country, which w(‘ ari^ going to discus.s, 
wdll .show that if th(‘ro is the will to work great 
progress cun b(‘ achieved within a coinparativoly 
short period of time. 



INDIAN NATIONAL RECONSTRUCTION AND 
SOVIET EXAMPLE 


India similar lo Pre-War Russia 

.Inst 1)1 ‘io IV tl)(* War tlic rohditinns in Hus^a 
wrn* in iiisiy respects similar lo those in India. 
It was a eonntry of hnjjjc? re.sonrees in power, river 
water, and minerals and a^ritmllnral products, but 
all these were nndevelopc'd. So that, in spilt* of 
|)otential ])lenty, the peasants who formed itl^of 
th(! population list d periodically to die in millions 
of hnnejer and pestilence. The industries of the 
country wen* mostly in the hands (»f foreijjii 
e ipitalists and teehnieians. No sehenn* of national 
reeonstrnetion eoidd bt* pushed to a sneec'^sfid end 
due t«) eonlliet> with tin* vt'sted int(*n!>ts en*at<*d by 
the capitalist syst(‘m. If the I>olsh(*viks who eann* 
to power after the revolution contented themM*lv(*s 
with merely holdin‘»; the political powiu* as the 
Polish (iovernment did they would have jione to 
tin? wall by this tiim*. But as soon as they y:ot 
])ow(‘r tluiv initiated eompreh(‘nsiv(* plans for all- 
round national d(*v(*lo|)ment in a^riiMiltnre, industry, 
transport, ory;ani/at ion of water nv''Oun‘(*s, and 
enlistetl the eo-operation and servie(‘ of the land 
foi* this purpose. They reeoo:ni/.ed that all th(i.se 
plans re(piired patieid. and laborious study extending; 
over years and convinced themselves tliat tin* work 
<*ould be <lone Mua’cs.^fully (uily if the eoutitry eoid<l 
train up her own children for the purpose and the 
State pushed on with the plans with all the ])ower 
and resources at its disposal. Idle nia^nitieent 
results of these planninjjjs are now before the 
world. 

Electrical Developments in U.S.S.R. 

L(‘t U.S consider tin; electrical develoi)nient.s of 
Soviet Russia. Before the Great War the eoiiiitry 
was so backward industrially that the production 
of electricity was only one-fourth that of Germany, 
a country with hardly lialf lier i)opulation. Of the 
capital invested in electrical industrie.s, otj^ was 
German, li ' Swedish, Knjrli.sh, I % others, and 
linssian ca]ntal was only 30 "o of the total; the 


positions in mctallury:ical indu.stri(3s, railways, coal, 
and oil were similar, if not wor.se. 

Kvtm in 10.2, the production of electricity in 
Uiis.sia was Ies.s than that of tiny Switzerland, and 
the total lenjith of railrojids hardly exceeded that of 
France. V(*t Russia was extremely rich in resour- 
ces; in fact, (*.\tensive surv(*y work, since undertaken 
by the Soviet Government, has revealed that her 
position in this respect is scarcely inferior to that 
of r. S. A. In coal reserve.s, she is second, in oil 
second, in peat reserves first, in water power first. Ifi 
min(‘ral r(*sonrc(*s, iron, idumininm. and precious 
metals, she easily occupies either tlie first or the 
second p(»sition. In airriculture, though her area 
was vast and tin* lami f(‘rtile. a lar;!;<‘ part 
could not be (‘iiltivated on m'cmnit of hick fd’ irriga- 
tion facililic.s. 

Vet these ma^iiiti(*.ent reserves W(’re lyiiiji; 
unutilized, whilst tin* rulers of pr(‘-War fBussia in- 
dnlj^ed in futile imiierialistie schenn*s, .thousands of 
miles away from their native* land, 'riiere mi^•ht be 
a ph*thora of ;;Tain in rkraiin*. but in North Russi:i, 
p(*asants would In* elyiny: of hun‘X(*r, as tln‘re were* not 
sullicieiit railroads; wln‘n‘ r.ailrords existed, there 
wouhl be no wa^^ons. Tin* waterways w(*re useh'ss 
on aceMMint of .shallowness. 

What happened durinji^ the Bolshevist regime 
is thus described in its ollicial de)cnmenls [ AVec- 
//■/c Pofnr Ihtrlopntnd in Htt l\ S, S. /»*. -A 
rn/lcrfn'c sfnth/, Jiawei«'*.e and Wishart, Tiondon, 

I TIT |: 

Diirin^r thf.se years, when as a result of the worlU 
war and the civil war, the count ry’.s Tiackward proiluc 
live force .sullerfd unj)recedented ruin .and decline. 
Lenin pnt the hi.storic ])rojrraniiiie for the restora- 
tion and forward recon.struction of Rus.v.ia's national 
economy on new, socialist fouiidation.s, on the ba.si-i of 
the most advanced technique-electrification. 

Lonj:; before the revolution, Lenin had theoretically 
worked out the concept electrification in hi.s scientific 
works as the technique that is a<k*quate to socialist 
economy. Imiiiedialely after the October Revolution, in 
l*MS when the country was ablaze in the fires of civil war. 
Lenin requested the .Academy of Sciences to be^in the 
scientific and technical .stinly of reorganizing; industry ami 
elTecting the economic recovery of Riis.sia. lie emphasized 
the necessity of "Paying especial attention to the electrl 
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ficatioii of industry anil traiis])i)rt and to the eni])lo)nient 
of electrificity in agriculture," 

In in a letter to (1. M. Ki/hi/liano\>k>, otn* f«f 

the most prominent theoreticians and arlvocates of planned 
electrification, I.enlti outlined the fundamental principles 
underlying the great iirograiumc for the electrification of 
Russia, as the basis for building a planned eeommiy foi 
the cotintrv. 

In I'abrtiary the Commission for Elaborating the 

Plan for the (Governmental Klectrifieation of Russia ((Goelro) 
was founded on lA'tiin’s initiative. This commission com- 
prising some 200 of the most eminent seientists ami engi- 
neers of the country, was headeil by (G. M, Rr/hI/,bano\sk\ 
and this fundamental work, the (ioelro plan, was completed 
bv December 1020. It was submitted to the b'igbth All 
Russian Congress of Soviets on Decemb r 22, 1 020, and n as 
a]iproved by the latter. 

This historic doenmenl, wliirb underlirs the ecoiiomii 
const rnctiou of the cowntry. is not only a [iroject for the 
restoration and new con.striiction of cb-i liie Islalioiis and 
elecltic transmission lines on a scale that was ni.igniliccnt 
for that period, but also re]n cscnts a carefully woi ked out 
unifieil State plan tor the lOstoralion an 1 reconslnu'tion of 
all national economy on the basis of juhaiiccd terlinitpu- 
elect rlticalion. 

In l‘t.20 laMiin wrote as f«»11ows regarding this plan — 

" \ report on the elcctrificalion of Russia has been in 
eluded in the agenda of the Congtess of S<»\icN, so that th<* 
•single economic plan tor llie jcsloralion nf national rcono 
nn that, wc have been disciissiiig may la* outlined fioin the 
technical .siandjioinl. Russia is placaf uu a 

tfiffernht te,cknical lerel, hiijhor than before, rrsforaliou 
of the econnnin and communism are out of the 

question. Communism is the Suriet power plus the 
electrifieatiov of the whole count rif, for wiihouf electri- 
fication ])ro<jrfss in indusfrif is impossihleC 

In a letter to Lenin in March 1‘l21 Stalin I'haractcri/ed 
the (Goeiro plaji as 

"a masterly outline of a really national ceonomic plan. 
The only Marxist attempt in our time to placi* a tiuly real, 
the only possible production base under the Soviet supei- 
'^tructure of economically backward Russia". 

The (Goclro ])lan was projected for a term of ten to 
fifteen years. It included a project, organically hound up 
with the plan of electrification, fur the restoration, and 
reconstruction on new' foumlations, of the basic branches 
‘*f economy and indn.strv in the major regions of the 


country. It jirovided that the total \olumc of industrial 
production rise to 1.10*200 per cent of the jire-war level. It 
provided for about 1 7,000 million roubles of capital invest- 
ments in industry. 

The (Goelro plan, in its major outlines, has been consi- 
derably <iverfiilfdled not within fifteen years but within a 
leii.year period,, i. c., in tin* minimum lime sclie<luled by 
the {)lan. 

In the hirst and Second l-i\e-Veat Plans for the ilevelop* 
menl of national economy (P»2'<*-“.12) and (I'Lvl— .17) the 
(Goelro princijiles were further detailed and diwelojied. 
allowance being made for the new stage of de\ eloimnml 
.Old the new problems pul lorwnrd by the l»iiilding of 
soeialisl economy. 

In ngricultiirc loo, tin* have done 

w'ondeis. Tln'V Imve grown new plants and dis- 
covered )n‘W methods ol agriculture liy wliieli it lias 
hcf'ii possildc to gi*o\v >vli(‘af in fin* IVo^|-l)nniid 
regions of the .Vretie, and millions of .-leres td lands 
have thus ln‘<Mi reinh'red (it lor human hahitalion. 

'I he Knssjan prodiielion in gold. iron, ahiminiimi 
and other important mineral lias exceeded 
that (d* r.S.A. The rivers ol‘ Uns^ia have lu-en 
developed to siiidi an extent that today Moscow is 
an inland port eoimeeled with live ■^e.a.s, /.c., the 
H.dtic, the \Vhii(‘. the (a.s|)ian. tin* ,\/ov and the 
Black. Mls(‘\vherc in this issue we pidilish an article 
on the r(‘eenlly opened Mo.seoNv-\'oIga (’anal irom 
La Sa/arr, which gives an idea of ihi.s maginticont 
engim'ering work. 

The enormous developm(“nt ol Bnssia shotild gi\t‘ 
foiui for thought (o all oiir politicians. In this 
emmeetion, the eoiitrasl lietweeii the two iieighhonr- 
ing eonniries, I^)land and Bii.ssia, Imtli of whom 
started ni'W ])olilieal »‘aret‘r after tin? War, is signi- 
tieanl. 'Though I’nland has made .sonn* progre.ss, 
it is nothing eomiiared to that ol l^ussia. I'dr in.s- 
l:niee, the jirodnctioii of electricity in l*oland (hiring 
the last eight yiairs has remained practically stii- 
tionary. 'This dilTerence lies in the fact tliat Russia 
has been inspired by a new jihilosoj.hy of life, a 
will to iMuniuer natnn*, and has beim abb* to evolvi* 
practical plans to put the ideas into ]iraetice. 

Developments of Water Resources in U.S.S.R. 

Recently we had the occasion to r(.*ad a speech 
by an lion. Minister (.m the dcNadopincnt and utili- 
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ziitioii of waterways of Beiijjal. If our lion. Minis- 
ter had a little more knowledge cd’ the Russian 
programme mueli of his enthusiasm would have 
l)een dampial. The Bengal Wjiterways Bill was 
passed some years ago and a development scheme 
was snbsecpnmtiy pa^.sed. An examination of those 
seliemes shows that only ])ions ho])es are ex- 
pressed and neitlier the (iov(M‘innent nor tin* ottieials 
hav<* any idea as to what to do and how to do it. 
When Itiissia embarktal upon her schemes of water- 
ways development th<*y put the whoh* thing befon* 
a meeting of the nn*mb(‘rs of the Russian Aea(h*iny 
of Science who <*onld take a scientific, and d<*tached 
view on such problems, 'rin- Academicians took 
t ) I y<‘ars Pj study the scliemes and recommended 
that first <»F all, a thf»rc»ugh surv(‘y of all riv(‘rs 
should be made with a view to ascertain their t<>tal 
wat(‘r-carrying capacity, the possibility (d* distribut- 
ing water by canals and hydro-electric, (h‘velopun*ut. 
So tin* Sovi<*t (lovermucnt (»|)ened in» less than «0(M) 
hydrological survey stations, organi/.(*d a largi* 
number of geological survey parties, aud surveyed 
the whole country from tin* economic point of view. 
NMiile •'Urv(*ys were going on, training institutions 
were opened for giving the ijec('ssary instructions 
to the younger generation of .students with a view 
to prepare them for shouldering the construction 
w’ork. ( 'ommission.s of advanced students under the 
able guidance! of experieii' ed profc.ssors 'were sent 
to foreign countries to study up-to-date methods. 
This required anotlu*r 1 or o years of .study and it 
w^as only in nmh'r the auspie«'s of the .so-called 


five-year plan, that the works of reconstruction were 
actually undertaken. 

The success of Ru.ssia in developing po>ver, 
industry and agriculture is entirely due to thought- 
ful ])Iaiining extending over years. May we ask the 
.spokesiiH'ii of the Governments all over India whe- 
ther they have consulted any scientific man about 
their program m(*s, wdiether they have (‘ailed into 
cxist(*nee any organi/.ation f(»r the ne(*(*.s.sary research 
and survey work, whether they have taken the 
tnudde of raising in the eouiitry its(*lf an army of 
young w’orkers who are (pialified to iind(*rtak(^ the 
rcconstriicfion work? The (lovermiuMits had hither- 
t<» dep(‘nded entire*!}’ on oflicial.s, but ollicials are not 
magicians aud we know how Govermm*nts hav<* 
mauag(*d things in the past. SciKNCK AM) Ciir/rURK 
will be publishing in near future how such progress 
has been achieved in Russia, and W'c* hope* that 
the m‘w Govcrnmciits w'ill profit by these* articles. 
\V(‘ <*an say without fear of (‘ontradiction that if the 
(lovernments do not .s(»riouslv undertake! the recon.s- 
triK’tion work, but eoiifim* their schemes to men* 
political programmers, and pick the* pocke*ts e)f a few’ 
rich men in onh*!* ti) give* small relief to the pea- 
sants, the*y w’ill be found W'anting. How imieh work 
remains to be! done* in India will be* ele-ar from the* 
fact that only about ' 2 % of our hydro-eicctrie resemr- 
e*e.‘.s have* be*en deve*Iop(.*d. If all the national 
developnuiiit .sehome?.s which have appeared in 
SriKVCK AM) Cci.Trnr ejan be carried out, and it 
depends upon those whei hold the* pe)wer, then the 
problems eif pi’ove*rty, flood, famine, and pestilence 
which have! be*(!()nie* chronic in our nnfe)rtmiatc 
eountry are bound to find a permanent solution. 
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Sea-Fisheries in Indian Waters 


K. B. Seymour Sewell 

I'he Zoolusical Laboratory, Cambridge. 

WiiAT jiro tho prospccis of iiiariiK' HsIh'iIi's 

in mul around lndr.» ? In order to answ(*r this 
(jnestion it is neeessary iirst to tieliiH* tin* nieaiiiiiy: 
of tlie term Fislu'i'ics, for there an* several kinds of 
marine fislieri<’s, eaeh with its own ohjeels and 
dillieulties, and eaeh reqiiirin^r dilVcreiif iai tn'ahimnt. 
lvony;hly these lisheries can be divided into : 

1. Kish(‘ries for Kish. 

These a^ain imiy 1)e jj^roiiped into 
{(i) Ksfnarine fisheri(‘s, 

(h) Inshore Hsheries, and 
(e) l)eei»-s(*a Hsheries. 

2. So ea I led Shell h'isheries. 

Of these there are several kinds, namely, 

(<i) Fisheries tor (^’nstaeea, sneh as 
Prawn Hsheries, 

(^ral) and liobscer fisheri(*s. 

(//) Fisheries for Molliisea, sneh as 
Scjuids, 

Mussels, ('lams, el<. 

(e) Fisiieries for some product of 
the Mollusc ; such as, 

Mother-of-pearl, 

True jH'arls, 

Ohank shell, 

^IVoehns shell. 

(d) Fisheries for the Ilolotlinrian : 
IMtGilr-Mer, 

In dealing witb the (piestion of the “Fish” fisher- 
ies there are a nnnibei* of points that recpiire consi- 
deration. At the |)resent time these fisheries are 
earned on by means of nets operated from the 
f^hore, sneh as Seine-nets, or from sailing-boats 
fitted with various kinds of nets or long lines. 
However efficient these fishing vessels may be, they 
must inevitably suflTer in competition with steam or 


motor-vessels, owing to (heir absolute d(‘p(‘ndence 
on the wind and the state of the weatluT; at a 
nmgli estimate ‘power fishing’ from motor or steam 
vessels, which are independent i>f such conditions 
and are able to fish all the year round, even during 
the south-west monsoon, and by reason of their 
greater speed can cov<t much greater distamu's in 
less time, is some ten tim(*s as efficient as fishing by 
sailing craft. The e.vperimental work (‘arrie<l out by 
the (h)lilcn (Vo/r//, Willitini Ctmirh^ Violcf, 
Xaftfif/is and Latitj (iosrhen around th(‘ coasts 
of India and (.'(;ylon has shown that in these waters 
trawlers can secure catches of fish that compare 
quite* favourably with the catches madt* in Furopean 
and North Atlantic waters, and it seems clear that 
the fish fauna of Indian seas is sufficiently rich to 
make further development not only possible but 
essential, rnless this is done by India, Jndian waters 
outside the three-mile limit and (‘ven inside it, osi)e- 
eially in the absence of an Jidequate patrol by jn’otcct- 
ing vessels, will inevitably become a fishing ground 
for otluT nations who have already dt'vcjloped a 
mod(*rn fishing lleet; indeed nu’ent reports of the 
working of »Iapanese fishing vessels in the Jlay of 
Bengal show that this invasion of Indian waters has 
alrea<ly begun. 

it is probable that tl»e whole of the Indian coast- 
line will not be ocpially productive, for the work of 
the above-mentioned re.scarcli-vess(*ls indicated that 
certain areas arc richer than others and every 
Indian fisherman knows that at times of the year 
eertain fish arc jrjore abundant than at other seasons. 
In all the great maritime nations of the Avorld a 
store of knowledge has gradually been built ui) and 
aecumnlatcd regarding the location of the best 
fishing grounds and the seasons wlnm certain fish 
will be i)resent in abundance, and altlioiigh some 
of this knowledge may be handed down from father 
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to son and lx* witliliold from rivals, much of tins 
necessary information is now available in the form 
of s])ccial flsln ry charts, reports, (dc. ; but no 
sncli knowledge is available in India, ex(‘ept perhaps 
for inshore waters. .Mthonjrh the continental shelf, 
which forms the natural habitat of the commercial 
fish, has a width that around India varies from some 
45 to K)<) miles, the Indian fisherman (»f today or in 
the past has raiely, if <*vcr, attcmf)tcd to exploit 
the rcfjion lyinj^ beyond some 10-15 miles off* the 
coast; even tin* WUUnm i'nrrirh workin^j off* the 
llombay coast carried out only 0 trawls beyond the 
‘10-fathom line and of these only 4 were b(‘yoiid the 
50-fathom line, so that the possibilities of the edjje 
of the continental shelf, lyin*^ at a depth of cSO-100 
fathoms, remain as y(‘t unexplored (‘xeept for the 
scientific work carried out by tin* It. I. 'S\. S. htres- 
This knowle^lj^e, which is <‘ssential for 
the successful development of Indian tislieri(‘s, can 
therefore only be attaiiu’d, (‘itlier by lonjj; and ardu- 
ous experience— by the process of trial and error — 
or else by the institution of fully cipiipped biologi- 
cal stations, with prop<*rIy e(jiiip|»ed ainl stafled 
re.search ves.sels, the necessity for which has now 
been recognized by almost (ivery ()th(*r <‘ivilized 
country in the world, even in those instance.s where 
the industry has had Iinndreds of years of experi- 
ence at its back. 

In a report on the Bombay fisheries, pnbli.shed 
ill liHO, it was stateil that “the (piestion of the 
preservation of sea-tisherics docs not arise, as, 
owing to the amazing fecundity of tin* fish, the 
harvest of the sea is so bountiful and so constjint 
that overfisliing is impo.ssibh*. No m(*ans of des- 
truction which man can devise can <*l!eet any 
appreciable reduction in the supjilv.” rnfortunately 
experience in Kiiropean and other wat<*r.s sugge.sts 
that this is by no means the case; a (‘ontimioiis and 
intensive exploitation of any fishing ground .seems 
to lead to a gradual reduction in the amount of 
the catche.s, and it has been found ne.cc.ssary to 
introduce regulations of various kinds, such as the 
.size of m(*sh of the nets, in ord(*r to pr<*vent un- 
necessary and wasteful destriK’tion immature 


fish. This raises the question, at what age arc the 
marketable fishes biken from the sea for consump- 
tion? Hen* again we have* in India no exact 
knowledge, and such can only be obtained by 
investigation carrieil out by a scientific re.s(*arch 
staft*. Do the fi?ih in rndiaii waters maintain a 
more or les.s regular rate of reproduction year after 
year? Or does the rate vary irregularly, as has been 
shown to be the ease, with the herring of Kiiropeaii 
waters ? The Madras Fishery Department has had 
ample experience of the irregularity with which the 
oil-saitline afipears off* the west coast and this may 
be due to a greater rate of reproduction in certain 
years than in others or it may be due to other 
caiiscvs, such as the abundance or otherwise of their 
food-supply, which in its turn will ultimately prove, 
in all probability, to be due to changes in the 
character of the sea-water, though not necessarily 
in the .sea-\vater oil* the Madras coast. Again it has 
been shown that certain fish, such as the pomfr(*t 
or the “Bombay-duck” (ilar}uulitn) exhibit annual 
migrations up and down both tlie cast ami \\vsl 
coasts of India; to what can this b«; attributed ? 
The initial cau.se of such phcnonu'iia may lit* in a 
region entirely ditVerent from tluit in whirh tiu* tlsii 
are found and this can only be discov(*r(*d by n;- 
search work, carried out by trained scientists, wlu(4i, 
if it is to be efl’ective, cannot lx* limited to the 
coast of any one proviru'c of India or even to Indian 
t(*rritorial waters. Judging from tin* exiierii'iicc* of 
marine biologists in Iv'ropean waters, changes in 
the character of the sea-water, such as a reduction 
in the amount of phosphates in .solution, which 
causes a corresponding redmdion in the production 
of plant life, lead indirectly to a diminution in the 
number of young fish ; an estimate of the quan- 
tity of this sub.stama* and consideration of oth(*r 
.scientific data may before long (*nable the .sci<*ntists 
to predict tlu^ probable rnovemenfs of the fish shoals 
and the increa.so or d('crc*ase in the rate of reproduc- 
tion and thus put them in a position to advise the 
fishermen as to the best fishing grounds. 

It has b(‘en report(*d in the Knglish Press that 
the Government of Bengal are propo.sing to intro- 
duce .steam-trawding in the Ray of Bengal in order 
that Indian trawlers may compete with the Japanese 
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travvlors that are already working; there ; but no 
explanation is tfiven as to how it is jiroposed to 
carry out this scheme. Kvcmi if the necessary trawl- 
ers and rishinjr-gcar are available in India or are 
obtained from elsewluM’e, where ean the n.H|nisile 
staff be obtained from ? An> development of 
Indian lishories by the employment of steam- or 
mot or- trawlers or drifters must be a gradual one, 
if it is not to affect very seriously the present tishe?*- 
man. It is more than probable that trawlinjj or other 
similar methods of capture will take the same species 
of lish that ar(‘ now bein}» taken by the sailinj; craft 
in inshore waters, while the employment of lon^ 
drift-nets, such as are used by the steam-drifters, 
will (‘(‘rtainly do s(), and this will result in a fallini' 
off of th(* catches made* by the sailing; craft. Aj^ain, 
owinjr to their independence of wind lUid weather 
the nsh-Mippli(‘s obtain<‘d by “p<*wer^’ ciaft can be 
maintained at a more or less steady hivel ali the 
year round, <‘v<‘n durinj^ the south-west monsoon, 
jind such catches will seciire a ready market in pre- 
fer(‘nc(* to those of the* sailinj? craft, whose catches 
are always irrejrular and durinj^ the south-west mon- 
soon cease almost entir(‘ly. An essential then'fore 
of such development must be the j^radual conversion 
of the “sailing” fleet into a “power” ilect, so that the 
present fishing population will be absorbed and will 
not be thrown out of work by competition. 

The full utili/ation and exploitation of the 
Usheries of India ean never be brought about solely 
by the introduction of “power” lishing. Three or 
four trawlers, working off each of our big ports, 
would only sueeeod in completely glutting the 
market, oven in thos(* towns where ade(|nate cold- 
storage facilities are available so that all surplus fish, 
not immediately required for consumplioii, may be 
kept in good condition. It is essential that there 
should simultaneously be an e(|ual development in 
marketing and in transport facilities. With the ex- 
(‘cption of a few large, towns on the, coast, none of 
the ])opuhition of India living more than some 20 
miles from the sea ean at the present tinu* obtain 
fresh sea-fish, and the result of this is that there is a 
prejudice against eating it ; though this would un- 


doubtedly be overcome before very long, so far 
as the majority W(‘re emieeriied, if a slcady campaign 
of propaganda wen* cllicienlly carried out, and, pro- 
vided fhat the e«)st were not pn»liil)iliv(*, a large 
damand for fr(‘sh sea-lish in inland towns and villa- 
ges would arise. All this, how(‘V(‘r, will uccessitab' 
eo-operation b(*lw<‘r*ii tin* fl.shing-ili*ct, the port- 
authorities and the railway cnnipanic's ; lluire will 
have to be ade<jnaie docking facilities at rates that 
are not excessive* for the lish at tin* docks, and the 
fraiisfcr np-coniitry of the lisli in cold-storage vans 
on definite trains, the time of arrival of which must 
be known so fhat the local purchasers ean take 
iiiiniediafe deliv<‘ry. If projicrly carried out, such 
arraiigemi'iUs wouhl to a large* e'xtcnt (‘limiiuifc the 
“iiiiddic-mcn.” \vlu> in this, as in se» many other 
trade*s, absorb so mn(‘ii of tin* profits ; the ide‘al con- 
dition would, e»f course*, be* (heir e-omplete* elimina- 
tion ])y trawling eeanpaiiie*s oi*gam'/ing their e)wn 
selling agencies. 

I’here* ean be little* doubt that a ee)nsiderable 
degree of d(*vele>pme*nt is also pe>ssil)I(* in be)th the 
insln)re and eslnarim* fisln*ri('s of India, themgh tlm 
feu'iiier will he very se*rie)nsly affeet(‘d unl(‘ss steps 
are take*n by the (iov(‘rmnt‘nt to (*nsnro that foreign 
trawlers or drifters do not e'xpl(»it the fishing grounds 
inside (he three-mile* limit. Hy improvenl methods 
these Usheries should be able* ne)t emly to sup- 
ply fre*sh fi^h in adeMpiate^ epiantltie‘s fe>r the lewal 
marke*t, but by impre)ve*d methods eef tish-enring or 
other feerms e>f treatment, such as the pivparatioii of 
fish-mannre*, <'te., b(‘ able* to attain a greater degree 
of prosperity. 

On the olh(*r hand the so-called “sh(*ll-tishorips’^ 
api»oar to have* shown a ste*iidy dete*rie)ratie)n for 
many years anel practically ev(‘ry re'port that has 
been snbmitte'd calls attention to this falling off in 
the quantity of the* stock and of the eate'hes that 
are be*iiig made. Here* there se(*ms be urgent 
need of seientifie; investigation and advice*, feu* there 
is little de)nbt that in many instance's, such as the 
•elam fish(*ry of Hombay, the*re? has been an appre- 
ciable de*terioration in the* stocks, elnc to eivcr-tishing 
anel a e*onq)h'te* abse‘ne*e* of any atte*mpt te> increase 
tlu'.se by e*nltivation. Then* jq)pear to be great 
possibilities of d(!Vcloi)me*nt in the ])rawn fisheries 
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in cortain regions; already there is a doinaiul for 
these “shell-rish”, either fresh or dried, and a further 
market eoiild in all probability be found for ])rawns, 
if these W(‘re Imttled or tinned, provid(‘d that the 
process was properly carried out ; but here again 
scientific research would be necessary in order to 
prevent the fishing of these erustaeea when ‘in IxM-ry* 
by instituting a “close-season” during wliieh no 
lisliing would ho, i)ernutt<Kl. 

ft thus seems clear that if Indian fisheries arc 
to be properly d(‘veloped along inod(‘rn lines to such 
an extent as will enable Indian fishermen to com- 
pete successfully with fonu'gn fishing v<*ssels, a 
conv(‘r.sion from sailing to power craft must be 


gradually broiiglit about, and port authorities, 
cold-storage companies, and r.iilways must also 
assist ; but above all it is essential that there should 
be created a central fisljcry research doi)artment, 
e<|uipp(‘d with research vessels, biological stations 
and a fully trained scientific staff, to study the 
potentialities of the fishing grounds, the development 
and habits of the more important inarketjible fish 
and the general cliaraeter of the sea-wat(T, food 
supply, etc., on which these habits depend, so as 
to be able to siipply to the fishermen, in as short 
a time as luissible, tin* knowh'dge that is essential 
for a successful fishing industry and that in other 
])arts of the world has been gradually amassed by 
collcctiv(‘ ex[M*rienc(; over hundreds of years and 
many general ions of fisher-folk. 


Oil Films— Living Cells 


An important approach to the problem of simu- 
lating conditions in living tissue, that the diflieulties 
(‘iie-ouutiu’ed by these microscopic ])articles in iheir 
struggle for existence may be better studied, was 
discussed by Dr Irving liangmiiir, associate* 
director <»f the research laboratory of (lenoral 
Klectrie, at the recent Mark Hopkins ('entenary at 
Williams (’ollege. In his talk, <*ntitled “Two- 
Dimensional (iases, Liipiids, and Solids,” Dr 
Langmuir described experiments with li<iuid films 
which have properties like those of a cell wall, thus 
creating in tin* laboratory substances wliich throw 
light on the behavior of living tissue. The research 
involved, conducted by Dr Katharine B. Blodgett 
and C. N. JMoure, is an off-shoot of a general inves- 
tigation of the properties of oil films on water. 

“We have recently been investigating,” said Dr 
Langmuir, “the intermediate field between acid and 
alkaline water, using solutions that arc cither neu- 
tral or slightly acid or alkaline. We also have 
investigated the effects of small amounts of calcium, 
magnesium, sodium, and potassium salts in water. 


Wc find that, in solutions which elos(‘ly a[)proxi« 
mate sea WJiter in regard to acidity and alkalinity 
and have similar amounts of dissolved salts, parti- 
cularly interesting ])henomena are observed. \ 

These phenomena, he explaim*d, indicate that 
certain types of oil films on waf(‘r, where they make 
contact with ea(‘h j)fh<*r, are, in many respects, v<*ry 
similar to a c<*ll w;ilf. In thesi* experiments. Dr 
Langmuir pointed out, “we hav(* the jidvantagc*, 
however, that wc eau make this artificial cell wall 
cover a sipiare foot if desired ; we eau study in 
detail iiroperties which it would be very ditlieiilt to 
measure in a living cell. 

“By rpiantitativo studies, wc can derive fimda- 
inental laws that govern those changes in properties. 
We hope, by following up tliis work, wc simll be 
able to castablisli some ]>rin(Mplcs tluit will be of 
great use to the biologist in understanding th(‘ 
complicated dependcucc of living colls upon the 
composition of the surrounding medium.” 

— Sotenhfif' Anienoan, September Jf)37. 
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Scientific Information about Jute in 
^^Textile Fibres” by Mathews 

P. B. Sarkar 

ProfcHBor of Chemistry. VidyoaaKar ColleKc, Calcutta. 


TexUle Fibres by M:itli<*ws is coiisiilon'd as the 
standard work (»n the sid>j<‘(*t. The i’oiirtli edition 
of th(* book (publislied by \\'ih*y and Sons, New 
York, 1921) is tbt^ latest. Ainonjj: eoiniuer(‘ial 
fibres jute oeeupi(‘s two eliaiiters. Seientilie inves- 
tijiation about jiiti* was taken up for the first time 
by (h’oss and Hevan durinj*: tlic latter ])art of tiie 
last eentury. 1'hey were the pioneer workers on 
eellulosc and matters assneiatial with it in vejjjf'table 
fibres. In faef, rnu(‘h of tin* inforniafiou about 
jute in Mathews* book has beiai jj;ath<'red from fheir 
researeh (laptu’s. As is natural ii; th(‘ primary stajje 
of any investij^ation, many tliin^^s wen* suj^j^estc*d 
wliioli have not stood tli<‘ test of time. After tin* 
lapse of more tlian a decade, syst(‘matie, study of 
tli(i jute fibre was taken up by us in the Dacca 
Ihdversity (’hemical liuboratory, and in the course 
of the last twelve* years of study, we hav(* found 
that many of the lindinfjs of th(‘sc workers an* not 
acceptable*. Duriiij^ the lallcr ]Kirt of their work, 
they themselves expressed (heir doubt about th<! 
ccuTCctuess of sonu* of the statements made earli<*r. 
As a result of tlie extensive res(*.arch work done all 
<)ver the world durinj; the last decade, our kiiow- 
lcdji;e of the fibre has under^^one profound chauf^cs. 
It is th(*refore hij^h time that we should n*vise our 
uh^as about the jute libve. lii the following pages 
I have tried to point out why many of flu* stafe- 
ments in Mathews* book re<|uire modification very 
badly. It will also be observed that there are sf)mo 
eontradk?tory and anomalous stat(*ment.s about many 
of the constituents of jute. ^Fhe object of this article 
is to supply ac(Jurato and up-to-date scientific inform- 
ation about jute to tlu^ r(*ad(*r interested in it. 
It is also hoped that in the next edition of the book 
these will be carefully con.si(lered by the author. 


Originally (‘ross and Hevan b(*li(*ved that in 
bast fibres like jiifc*, c(*ilulos(* ;md lignin were 
chemu'ally combined, .and hence flic nanu* ‘ligiu)- 
(‘elhilose’. I h(‘y went one stc|) furl her and said 
that cellulose* was capable of forming eompoiind 
celluloses with any and every <‘oustituent of the bast 
fibre liere is the origin of such terms as pec(o-eellu- 
h»se,’ ‘adipo-c(‘lIulose’. Vufo-cellulose\ etc. They 
app(*ar to h.ave ab.anooiu'd this idea sul)se(pi(*nlly 
'Fhe exist(*nce of sm*h compound (•••lluloses is not 
r<*<‘ogni/(*d to day as if is considered that this type 
of <*ombina(ion is ineompatibh* with the moIe<*ular 
striictun* ol c(*llulose as reveal(*d by the .\-ray ana- 
lysis (»l the fibre. hVom tensile sfrengih d(‘((‘rmin:i- 
tion and microscopic study f)f the raw and deligni- 
fied fibre, flu* author has shown that in jute ecOlulose 
and lignin (veeur sid(* by sidi* without any chemiiad 
union". Hesearclu*s of many ot!u*r woi’l\ers~chi(*f 
among them an* Kreudenberg and \Vi-^li<‘emis - nIiow 
tli.'it tiu* absorption theory is corr«*et. So, (‘ven if 
we retain to-day tlu* uaiiu* ligno-c(*llulos(* for jute, 
we do not mean a clu*mieal <*ombin;ition between the 
two. \ good deal of confusion pr(*vails throughout 
the book about what the author exactly means by 
ligno-cellulose and lignin. Thus, on [)ag(* :U7, it is 
written: “...the bast and vascular fibres always con- 
tain more or less alteration |)roducts of c(>lluloso, 
<*hief among them is ligno-cellulose or lignin**. 
Again, “...in fact jnti* is almost entirely composed 
of this latter substance, ligno-eellnlose or lignin**. 
Kvo.n if we agree with tlu; author in calling jute a 
bastose or ligno-e(*lliilose (p. 7l)f), “...basfose is, pro- 
perly speaking, a compound of cellulose wdth lignin**), 

1. Researches on Cellulose IV, l‘)22, pp 170, 152. 

2. J. Indian Chem, Soc,, 1935, 12, 23. 
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it is dilliciilf to idi'utify lijriiin with li^no-cdlu- 

los<% as he lias doiu* above and in some other pla<*es. 
Moreov(T, it has not Ixwn shown as yc‘t that lijjnin 
is an ‘alterati<»n product (d* (‘(‘llnlose*. As a matter 
of fact, th<* two are (‘ntirely dillenait ehemically ; 
eellidose is alipliati<* in nature, while lijijnin is aro- 
matie. Keeentiy identity of eelhdoses from dillereiit 
sources has been eslablislu'd— we have shown that 
the oidy ditVereiiee between jiite and (*otton cellu- 
lose is in the decree of polymeri/ation ; the former 
is less lii^hly polyineri/ed than (he latter, and 
has therefore a lower molecMdar W(*ij»ht. .lute cellu- 
lose is not therefore an alteratifui product. 

We eom(‘ across two contradictory statements, 
on p. 7()7 and p. 7()(), which run as follows : “It 
must be borne in mind that jnte libre is a liy:no-eet|u- 
lose, composed of eellulos<‘ units about 1/S in. in 
haigth cement(‘d toj^etlun* by lijiiiiu eoinponeiits’’ 
and “...bastose (lueaninj? jute) properly speakinjr is 
a compound of cellulose witli lijrnin^ Obviously, 
Vomented toj;(*th(‘r* mwer conveys an idea of chemi- 
cal combination, and so it is ditti<*ult to reconcile* 
these two views, A^ain (ui p. 77.1, we find, “.Jute 
contains a larjje amount of modilied cellulose, known 
as li«rno‘C<*lluhise. As this latter com])ound dillers 
essentially both in its chemical composithm and 
reactions from ordinary C(*llulose . . If tin* auth<»r 
really means to say that jute is a comi)ound of cellu- 
lose witli liy;uin, he is hardly justified in <*alllinfj: it a 
modified cellulose^ for in a comixmnd (»f two, one is 
as important as the other. One might call it ‘modi- 
fied lignin’ as well, which would scarcely be ex- 
pressive. It is ditli<‘ult to guess what the author 
wants to say in I lie following : “Chemically, the 
formation of lignin is to b(; regarded as a combina- 
1 ion of cellulose with acid and unsafurated ketonic 
groups” which occurs in p. 771. It is not clearly 
mentioned with wluit acid or unsaturated ketones 
cellulose will combine to give us lignin. If we accept 
this view regarding the formation of lignin, it must 
be shown that cellulose or sugar molecules arc cons- 
tituent parts of lignin ; or, in other words, one must 
obtain gluco.se from the decomposition products of 
lignin. This has not been found a.s yet. It Is diffi- 


cult to visualize a stable union between alcoholic 
hj'droxyl groups in cellulose (for, these are the only 
groups free in cellulose) with unsaturated ketonic 
groups. Even if the result of this eombination be 
lignin itself, what then is ligno-eellulose ? 

A.s a matter of f:ict, onr ideas reg.arding the 
formation of lignin are still in the amorphous .state. 
Hut even in onr pre.sent position, we can say defi- 
nitely that lignin is not allied to eellulo.se chemi- 
cally. The so-called synthetic lignin of Hawley and 
I tarries, pn*f)ared from cellulose by heating, has 
be(*n shown to be (piite diHerent from natural lignin.* 
The views of llilpr‘rt .and co-workers*’ tliat lignin is 
fonm*d from celhiloHO material during the pro(*ess 
ol isolation have met with almost universal contra- 
di(‘tioii. 

Then again, on p. 774, we find, “'Phe eellidose in 
jnte and similar fibres may be sepai’iited by treat- 
im‘nt with elilorim* . . "J'lie expression Is not (jiiite 
clear. Here (he author i)(*ih:ips me.ans lignin by 
ligno-eellnlose, for, as we know', chlorine remov(‘s 
lignin as ehloro-derivative in such a ease. II(‘re lig- 
nin and ligno-celhilose have been c»onfused, though, 
ae<*ording to (Jross and Hevan, ligno-cellnlose stands 
for hast fibres like jnte, tla.x, etc. If ligno-eelliilos«* 
li.ns its usual signilie.'inee in the above statement, it 
presuppo.scs the existence of free cellulose (in eontrji- 
distinetion to ligno-cellulo.se) in jnte, for which then* 
is no definite proof. That ligno-eelhdose is not 
lignin itself is (piite evident from (he s(at(‘inent made 
in p. 508, “ Ligno-eelbilosc (repn^senied among tlie 
fibres by jute) consists of75yy eellnli).sc and ‘JO",/ 
lignin”. Here lignin is only a eonstltnenl of ligno- 
cellulose. 

Regaiding the* percentage of lignin in jute, unfor- 
tunately, we find no two coiuiordant data in (h<- 
book. In onr experiments with the jute fibre, we 
have always found it to be very approximately 15",. 
provided the fibre is mature and of the same variety. 
In j). 3.51, the percentage of lignin in jute, as det(ir- 
mined by the methyl value, is given as 40.‘J6%, 
which is certainly abnormally high. Then iii p. 77 1 

3. Ind. Eng. Chem. m2,U, 873. 

4. Sarkar, J. Indian Chem. Soe., 1933, lOf 265. 

5. Ber., 1934, 67, 1551, and later is.sues. 
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WO find, “In juto tlio nnioiint of cclluloso is about 70- 
80% nrul lijiiioiic about ;^U-‘J0''y”. Thou aj^aiii, in 
]). 508, “liij^no-colluloso (reproscotod ainonjjr fibros 
by juto) oousists of 75% oolluloso and 25fJ-> 

Noxt to oolluloso, lignin is tin* most important oons- 
titnont of tlio juto fibre. It is dosirablo that tho 
reader should have an aeournte idea about its p(»r- 
oontago, if not about its oliemioal natun*. 

In many plaoes <he poroentago of oolluloso and 
(hat of lignin (in the ease of juto) make 100, oon- 
veying tho idea (hat juto oousists solely of eollulose 
and lignin, whioh is not ii fact. Wo hav(‘ found 
lieetin, nronic acids, fatty and r(‘sinous matter and 
also some imu’ganic constituents in jut(* besides 
cellulose and lignin. The following represents very 
approximately tin? composition of the juto fibre as 
found ill our laboratmy : 


«- c*ellulose 

ii7.0';; 

1 lemi<*elluloses 

7.0 „ 

Lignin 

15.1 „ 

I ’ronic acids 

8.0 „ 

l*cct!n 

‘2.0 „ 

Fat and n*sin 

0.0 „ 

Ash 

0.5 „ 


'riie hemicelluloses are more or less ill-d<*tined bodies 
even to-day. In the ease (»f jute, th<‘y have been 
found to consist of-' among hexoses galactose, fruc- 
tose and glucose (most jirobably as galactan, etc.), and* 
— among the pentoses — arabinose and xylose. No 
other sugar was detected in the hemi<'elluloses from 
jute. I’royic acids consist of glycuronic, and galac- 
turonie acids only. In view of the above, theautlior 
of the book is not justified in saying, ‘In jute, the 
amount of cellulose is about 70-80 and the ligiioiie 
about 30“ 20% 'Mn p. 774; and again in p. 508, 
“JJgno-cellulose (represented among the fibres by 
jnte) consists of 75% cellulose and 25% lignin”. 
I^Vom these and similar other statements tlie reader 
diM’ivcs only a vague idi'ji about the composition of 
the jute fibre. 

In p. 774 we find, “The separation of cellulose is 
attended by disintegration and the fibre is resolved 


into its component cell units, whicli are usually 
2-3 mm in length.” Now, this is not always the case, 
p.q. when cellulose is separated fnan lignin by nuMins 
of chlorine dioxide gas in presenei* of moisture, the 
fibre maintains not only its original l<‘ngth (which 
may be several feet) Imt also its original structure 
as seen under the mieroseopi*. The tensih* strength 
(ill the long condition) as well remains practically 
constant after delignification*. 

In p. 315, jut(‘ is stated to have Ii. 00% hygros- 
copic moisture. Now the moisture content of jute 
(and, as a matter of fact, of all vegetable fibres) 
depends upon the relative humidity of the atmos- 
phere. Thus, in August at Dacca, raw jute is found 
to contain 15. 75% moisture, in December, 12. 04 
and in ^larch, only 8. 4''y, whicli is the lowest figure 
for tile year. Jn an atmosplu're with 05% It. II. 
jute is found to (‘ontain 13.75% moisture.' So the 
figure* ti. 00% carries no definite meaning unl(‘ss the 
r(*lative humidity is mentioned side by side. 

Regarding the* colour of the raw jute fibre, om* 
gets no clear and di'liniti* idea. Inp. 3l3wc‘ find, 
“while still others, like jute and h(*mp, have a <h*culed 
brown colour”. Rut in p. 702 wi* timl “3*he filire 
(jute) possesses a yellowish brown colour, though 
the be.st qualities an* y(*llowish white or silver grey”. 
^I*he normal colour of fn*sh jute is n(‘V(*r brown. 
The best ipiality of jute is almost as whiti* as raw 
cotton. 3*hc colour, how(*vcr, turns pale brown if 
the jut(* (raw or ilcligniticd) is stored for a sullici- 
cntly long time. Tin* wtu’st quality of jute, like the 
worst type of cotton, is not, of course, whiti*. About 
the cause of tliis colour, in p. 3t7, we find, “All 
vegetable fibres ai>pear to contain mon* or h*ss 
pigment matter usually of a slight y(*llowish or 

brownish colour lute contains (*onsi(h>rable 

amount of ])igim*nt and is of a. more or less pro- 
nounc(*d brownish colour”. Wi* have sutfici(‘nt 
rea.sons to b(*lievc that the colour of jute is due to 
the presence of lignin. When lignin is removed — 
say, by means of ('K);., tho fibre becomes milk-white. 
Tho colour of cotton fibre is however duo to ii very 
small amount of pigment. Ihisides lignin, no colour- 

6. Snrkar. J. Indian Chem, Soc., 12, rM5,2f. 

7. Karker, Jute Research in mS-SG, p. 17. 
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ing matter or pigment liiis yet b(*on shown to be 
present in As is w('ll known, cotton contains 

no lignin. ( )iie should not therelVire call lignin a 
]»igoM'nt. 

Ill p. .‘» I.‘), oiM‘ reads, “'rhese colours (of jntc and 
hemp) are however due to inernsling impurity as 
fh(‘ (M‘liiilos(‘ fibres are. always whit(;’\ As the 
‘pigment’ is ‘eonsh!erabl»i\ the author certainly 
means lignin and no other colouring inattin*. Lig- 
nin is eharaeteri/ed as ‘inernsling impurity’ and as 
sneh it s<‘areely eonv(‘ys tin* idea of a chemical 
eomliination by which one might g(‘t a ligno-cellii- 
lose. If, according to the author, the piTcentagi* of 
lignin in jute is as high as 10. ‘J()% (p. 30 !) one 
should not iHTliaps call it an ‘impurity’. 

As regards furfural-yielding bodies, in p. 771, wo 
read, “Normal cellulose does not yield furfural 
whereas ligno-eellulose does, thereby indicating the 
{lossibility of ifs eontaining an oxy-eellulose d<‘riva- 
tivo”. ‘Oxy-eellulose derivatives^ are not the only 
bodies that give furfural on aei<l distillation. .Vs is 
well known, ligno-eelluloses, as a rule, always con- 
tain iientoses or pentosans, which invariably yield 
furfural. Lven some hexos(‘s have been found to 
give small rpiantities of furfural, c. f/., galaetan and 
soni(‘ fermentabh; sugars of apple wood have been 
found to yield furfural on acid distillation’*. Jfexo- 
ses give levulinie acid and formic acid on b(*ing 
heated with I ICl, hydroxy-methyl furfural being an 
intermediate product. Ihit Hen.ser actually got 
furfural a.s w<*ll'’. (Jlucose or glucosans will, there- 
fore, behave similarly. 3'hirdly, as pectin contain.s 
galacturonic acid and arabinose (Khrlieh), it must 
give snttieient amount of furfural on acid distillation. 
So there are many ‘po.ssibilitie.s’ of obtaining furfu- 
ral from a ligno-cellulose, besides oxy-eeIlnlo.se 
derivative!.. 

If the author means cotton by “normal cellulose,^^ 
the first part of the statement is not fpiite correct, 

X. p. 35, Wood Cellulose, by Hawley and Wise, A. C. S. 
Monograph. 

9. Text Book of Cellulose, hy Kinil Heuser, p. 100. 


a.s cotton celhdosc as well always gives a small 
(piantity of furfural under .similar conditoiis^”. And 
if it stands for a-cellnlose, in that ca.se as well it is 
not preeisely ai'eiii’atc’, for we have found it impos- 
sible to free «-(*(•! I ulose, obtained either from jnte 
or from cotton, from furfural-yielding complexes ; 
in our case, the former contained 0.25 and the 
hitter 0.2!) of furfural. ‘ ^ 

In p. 771, we have, “Lignin (jnte lignin) reaets 
(inantitatively with chlorine in a characteristic and 
invariable iiroportion”. The writer’s ])aper on the 
chlorination of jiiic lignin will V(Ty clearly .show 
that this is nntimable ; tin* jiroportion is not at all 
‘iiivariabh*’. A slight variation in the experimental 
conditions causes a wide diderciiec in tlu* chlorine 
content of the derivative obtaiiK'd. Ihit under 
similar conditions identical products are obtainable. 
We have b(‘en able ti‘ prcj^are three* definite ehloro- 
derivatives from jiit(‘ lignin, wifh 17. 1 %, ‘’5. S%and 
32. 7% of 01. Many other investigators have got 
more than one (‘hloro-Iignin by direct chlorination. 
The original observations of (b*oss and Hovan*'* 
in obtaining a lignonc chloride ((byllig ()y01.i) 
have b(‘(*n provisl to be (‘rroneons. .V soeoiul 
dm’ivative of jute lignin was pr(‘pared by tlio same 
workers*^ by eblorination and it was found to 
agree with the formula 1 1 1 L lOj «. So it was 
already knowi’ that the pr()|)ortion is not ‘inva- 
riable.' 

The tensile stnaigih of jnte libre has been men- 
lioned to be 2S. 7 Kg fier scf. mm in p. 1 It), while in 
f). 344 W'e find the value 49. 51 Kg per .sq. mm. for 
the same. Naturally, the reader is in a fix as to 
which Value to accept and which to reject. 'J’lie 
tensile .strength of jnte fibre as d(*terinincd by tli(^ 
writer is 14. 41) Kg sq. min^®. The strength remains 
unchanged ])ractically even on storage fur 2 years, 
if it is kept in a dry place. 

10. J. Indian Che m. Soc., 1932, .9, 017. 

11. /oc. ci'. p. 618. 

12. ./. Indian Chem. Snc„ 1934, 11, 777-785 

13. J. C. S., 1893, 12, 104 

14. J. C. S., 1883, ^3, 18 

15. J. Indian Chem. Soc.^ 1935, 12, 23. 
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As |reii(M*iil charactpristics of fibres, mention is 
made in p. .‘US of the following: “Albiiminoiis iiiatter 
also occiirs in the fibre elenients, mostly ns driod 
tissue whieh fills the lumen of the fibrci more or less 
completely/^ But tin* jute fibre must be considered 
as an exception as it is absolutely free from any 
trace of nitrogen and so albuminous matter cannot 
nc<Mir in it. 

Regarding tin* prepartiim of the fibre, in p. 7ti‘J 
we find, “The plant is usually cut wIkmi in bhann and 
stalks are InaHl from leaves, seed capsul<‘s, eti**’. In 
actual practice, however, the plant is seldom cut 
when in bloom unless the cultivator wants t<i obtain 
seeds for the next season, for which he selects a 
high land usually with a small area, the gn)wing of 
the seed being tin* main object, that of the fibre 
>ccoiidary. The stalks are scarcely fr<*cd from 
lcav(*s an operati<ni which is not only laborious 
but also uninM'cssary. Tin* l(*av('s rot earlier than 
the stalks and this hel|is, it is ln‘li(*vcd, the retting 
of jute. 

In p. 71)7 we read, “Tin* chief chemical dilVcrcncc 
between jute and pure cellulose is in the ability of 
the f( »rmcr to i‘ombine din*clly with basic dyestufi’s. 
In fact, it acts in this respect similar to <*ottoii which 
lias been mordanted with tannic acid”. If jute is 
only a ligno-celliilosc, as the author holds, this 
behaviour of the fibre cannot be ex|)lained ; ibr 
neither cellulose nor lignin has any allinity for basic 
dycstutls. Our researches have shown that uroiiic 
acids prcs<.ut In jute are respruisiblc for this.*” Jute 
cellulose freed from these acids will behave exactly 
in the mamn>r as other c(*Iluloses. 

In p. 771), we find, “III reacts with ligno-cellu- 
loses with the formation of (.MI;{1, The estimation 
'’f th<* hitter volatile product is taken as the index 
of methoxy groups present in ligno-cellulosc. This 
'"ay also be considered as the ‘chemical constant of 
ligiiification’. Jute has 1. S7 methoxy”. In view 

the fact that jute contains pectin matter, which 
•'•i^ain has some methoxyl groups aUached to it, 1 1 1 


liberates CII-.J from this as well and so the metho- 
xyl vahn* of jute cannot <»bviously be considered as 
the ‘chemical constant of liguitication’ exclusively. 
Moreover, in a paper‘‘ by tin* writer it has been 
shown that raw jut(* contains J. !)();") of uiethoxy 
and not l.S7'^» and also dcligniticd jiiti* has a 
methoxy value id’ 1. JJSfp. 

d'he methods ot estimation of dillerent (*onstitu- 
ents arc not all free from obj(*i*tious. Thus in p. 7tifi, 
und<*r estimation of ))ciUic acid, one reads, ‘‘After 
lU.'l treatment,-"/ XaOlI is U‘•ed f«)r the extrac- 
tion of p(*ctic acid, which is precipitated by 1I(T\ 
Xow, henii-c(*llnloses as wf‘ll an* soluble in dilute 
alkalies and pr(‘cipilat<‘d by mineral acids, and 
heiicc they will vitiate the rcMilts for pcctic acids. 
As a matter oi fact, by the abov(* procedure, it is 
stat(‘d in the same page, from ‘/‘J gins of jute were 
obtained o. loo gms of pi*ctic acid, /. e. LU.S"/. The 
figure is ci rlaiiily very liigii and, mru’cover, one 
c.aiiiiot make any gu(*ss regarding the composition of 
jiiti* ill a ijiiantilativr* manm‘r. If it contains 7(1-80% 
<•ellulose and lignin, how can it contain 

‘Jl. 8% pectic acid (tin* p(*rcentagc (d pectin will be 
higher still)? Wo havi* extracted (he pectin from 
delignilied jute by0.o% ammonium oxalate* ’ and 
found the pcrccntagi* to be ‘J. 18. ( alcnlatccl on 

dry raw juti*, it comes to 1. 87% only a figure lplitc^ 
coiisist(‘n( with the* pcrc(*ntag(‘ of furfural and uronic 
('(>:. obtained from jute. In the pri'vions pagi* (708) 
the table gives Incriisting and pectin matter- I. !1 
to -.5. Till* author in stum* plac(‘s mentions 

lignin as incrust ing matter. .\nd nowhere in the 
book we find a lignin c«)ntent lower than 1?0 %. It 
is really very difiicult to reumcile this with the 
pectic ;n*id content, c/;., LM. 08 /f. Secondly, hemi- 
celhiloses also arc consi(h‘i'(‘d as incrustiiig matter 
and the writer has shown that they arc the real 
binding mat(‘rial in jute, 'riie above figures ought 
to include hemi-celluloses !is well. 

In p. 7()0, we coim* across the term ‘))cctosc’ 
which is cstinijited by boiling jut<* ( freed from lime 
and pcclates ) with ‘? "// boiling 1 1( M. The peclose, 
it is stated, is thereby convert(*d into p(*ctin, 'J'he 
real siguillcancc id' this is dilVicult to understand, 

17. ./. Indian Chem. 8or.,l').^5, i:\ 17 

18. J. Indian Chem. Soe,, 1032, .9, 201 


O). Indian Chm, Soc., 1932, 9, 291. 
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coinpoiiiid nF collnlosc* with pertin 
iiiJittcT is p('rtn*c(‘IIiilos(‘ ( p. jirul not |><*(‘tosc 

which rciniiincd und(*fiii(*d all throii»:h. 1'his pcctos<* 
is not aUn iiicliidrd in tin* constitnciHs <»f jiit(‘. In 
p. .SI7 the aiidior says, “In their cheinical crun- 
pnsitioii vc}::ctal)h‘ fibres <*nnsist oF thr(‘e parts: - 
c<‘ll li'—iie ( <M‘llnlose ), wootly tissiif* ( lioinin ) and 
< ork ti.‘'Sin* (entn.sc ) ^This entose, a<'cordin<^ <o the 
aiillinr, ‘doiiljt h^s n'sidts Fnnii plant wax* and is 
tln'i'clore not related to pectn.se. My peeto-eellnlose 
to-day W(‘ mean nothiny; practically, as nn conihi- 
natinn between pectin and e(‘lliilnse is ciinsiilcred 
possible. 

Several methods For the (*.stimaf ion oF eellidose 
in liyino-eellnlo.ses are j^iven, each uiviiijx a rosiilt 
dilVerent From others. Thus in p. 7‘i!) it is n'cordod 
that eelhih)s(‘ is estimab'd For S days liy copper 
oxide ammonia and the value obtained is 
while just in tin* pn'vioiis pajL^e ( 7()S ) tlu* pereentai;e 
oF cellulose is jriyen as (il. 7 1* I and ai^ain in 
pay:e iibb jnt(! is stated to have 7b% oF cellulose. 
W’lub'li \aln(‘ is tie* reader to a<*ee|i( as eorn*et? It 
has been shown From our laboratory^'** that ehlorim* 
in |)n‘S(‘ne<‘ oF moistun' acts as an (ixidi/in*^ aj 4 '<*nt on 
cellulose and, as a result, always lower valu<*s are 
obtained by this method. Chlorine jicroxide has 
jjcen Found to be an excellent reaj^(‘nt For the esti- 
mation of cellulose; the litpiin alone is dissolved 
away without atVeetini^ any otlier constituents. The 
maximum value For raw eellulo.se From jute has becai 
7ti. I % by (b'o.ss and Mevan’s method and .')7.S*J% For 
u-eellnlos(‘ obtained therelrom ; while, by the Cl<):> 
method, we o])taiiM'd raw cellulose and 

bO.(i7 % o-c(‘llulose, both beiiiji Fr<-e From liirnin. 
Haw cellulose hen* includes hemi-cellnlosr*.s, iironic 
a<*i<ls aud p(*ctin. \V(^ have compared this «-ccllu- 
J«)sc From jute with that From cotton and Found them 
to lx* iih'iitical exccjit in respect <iF molecular weij^ht 
wlu<*h is Far lower than that f)F cotton. In p. 7t){) 
methods For the (‘.stimation oF para-ccllulo.se, cnto.se, 
vascuhvse, nietacellulose, eti*., arc describi-d. 'Ffu'se 
an* ail ill-d(‘lined bodie.s — no cellulose <*hemist (d’ the 

l‘i. Indian ('hem. Sac., 6’, 2.V> 


pre.sent time recognizes them. Vasculose, accordin;r 
to the author ( p. bO!)), is identical with lij^no-cellu- 
lose*, while, in .sonu* ol.h(*r place.s, lijrnin is .said to be 
the same as bdm>-c(‘lhilo.se ( p. .‘M7 ), creatin^• a j^ood 
deal of confusion. 

In p. 77") he says, “Mromine cannot lx* used in 
plac<5 of chloriiK* as it acts on the cellulose* to some 
extent tcivinj; a li.i>Tire For li!»:no-c(*llul(»se from 2*0% 
higher’*. Here aj^ain tin* author us(‘d tlx* t(*rin 
li^no-cellulo.s(‘ for liernin. As we have already 
shown chlorine as w(*ll ‘acts on c(*llulos(* to sonx* 
(‘xtent’ and has ther(*For(* practically no ^reat advan- 
tage f»ver bromine. 

In p. .‘H7, W(* find, “Woody ti-'^six* is .solnbh* in 
cone. ir-S()i with a .slron‘j; brown colouration but 
insoluble in copjier oxide ammonia solution.'’ IF 
the woody ti.ssm* means lignin, as the ;iuthor lx)Id.^, 
it cannot be solnbh* in cone. lIjSO,. As is wi ll 
known, 72% Ib>S(), is us(*d For tlx* .separation and 
(‘stimation oF liirnii) in liu;no"C(*lluh>s(>s. It he meaii^ 
limx) cellulose, it is partly solnbh* both in ll-SO, 
and <‘opper oxiih* ammonia, as tlx* <*(*llulos(* part 
will di.s.solvi* therein, but not tlx* lijxnin. 

In p. dot) under ‘estimation oF lignin in libn*’^’ we 
find a nx*lhotl basi*d on tlx* (h*t(*i‘mination oF m(*th>l 
value, “that for ])ur(* li;:nin lx*in;j: taken as b2.1i". 
It is tlx! nieth »xyl valm* that is actually (h*termiix'd 
by /(‘isel’s nx*thod and so tlx* rc'sults would liav * 
been lx*ltcr exiircsseil by nx*tho\yl \alix*. d'hi- 
,so-called nx*thyl vanx* oF pun* bVuin <*annol be 
imderstood as the methyl valix* (('ll;,) wlx*n (*oii- 
vert(*d into nx*thoxyl valm* |('II;i()) will nxtri* 
than doubh* itselF. Tlx* nx*thoxyl value For Ii«:iii'i 
tlxm ct ’lies to about lOb. «S%, (*ertainly an .‘ib.-iird 
tijjjnre. '^i’lic lushest valm* we have oblaiiied ha- 
jute li;;nin is IS. d7'«."'’ Hv(*n iF the method wen* 
otlx*rwise corr<*ct, it could ixU, be used dir<*c(ly lor tlx* 
e.stimation of liejnin for the simph* reason that jut<‘ 
contains pe(*tin, whi{*h aj^ain has a methoxyl vahx* 
of 12.2'//.'^ The above nx‘thod jrives JO. 2I)% 
the lignin cont(*nt Of jute fibre, which, as wi* h:ive 
already pointed out, is untenabh*. 

20. .7. Indian Chum. Sac., 193.^, 171. 

21. J. Indian Chem. Soc., 1930, 7, 350. 
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SCIENTIFIC INFORMATION ABOUT JUTE IN 
• TEXTIIJ. FIBRES” BY MATHEWS 

III f). 7<)S, flio . li^Mo-cclIuInsc mull*' 

rwlo cnntiiins iormyl niul j\(.‘(‘tyl jinuips*’ lx* 

ncc(*pti*<l, MS r(x*(‘iit iiivosti^Mtions havi* prnvnl 
otliorwisc**'*'''. 

Ill p. ITT), for till* csliiiiMlioii of fiirfiirMl, pli(‘iiyU 
liydi’M/iiK* nirtliod is rcroiiiiiKMidiMl, Ixil we have 
always I'oiiikI, aloiit*; with oilier workers, the plilo- 
roLdiieiiiol iiielliod lo «rive hellei- resiills. In p. 7d7 
it. is stal(‘d, “A solution of ferric Icrrieyanidi* colours 
liiiiio-ccllnlosc M. d(‘cp blue owinu; to tlic de-oxida- 
tiuii of tin* ferrii* (‘oinpoiind hy tin* li^none. 'riii^: 
n*a<*lion is useful in following: I lie pro«rrcssivi* eli- 
mination of tile li^nonc eoiistitneiits in tin* isolation 

22 . Saikiir. ./. Indian ('hvm. .Soc., I'KS, 1 h».s 


New Lamps for 

Wlieii ( aplain flolin I), (^aiif d s ‘ends tins 
Miimner to tlie wreck <d‘ liiisitania t<i tilni (lie sche- 
duled salvatre operations, his eijiiipment will ineinde 
a hatlcry id’ (In* nmst jiowerfid laiiijis ever desii^imd 
for di'cp sea work, ^rix’ in*w lamps, dev(‘lop<‘d 
hy ciiiiini'ers of the (ieiieral MIeetrie ( are Ixiilt 
l‘» wilhstaiid a water pressiin* id' oOt) Ih. per sij, in., 
•iinrc than three times tlie pressure eneoiinten'd 
anmnd the hiill id’ the V(*ssel, siihmereed in .‘51^ 
I'ert of water oil' the Irish Coast, wlu'iv the pressiin* 
InO lb. p(‘r sit. in. Kaeh Iain|) has a lijrlil out- 
put of l;i7, r»()i) Imnens. A sid of twelve <d’ I hesi* 


o| pure eelhdose from jute”. ( Mmiiim* lignin fr«)m 
jiiti* has lieen found to possess im reiliieimj; jiropertN' 
at all*''. Secondly, >ep:iratioii id’ ‘pun* i*i‘llul<»>i‘* 
liy f(*rrii* fi*rrie\:inidi* has not hci-n ^ln wn (o lie a 
ni<‘tlii>d fidlowi'il in Ihe laborator\. 

1 iMstly, n'iiardinjj: tin* orijiin id' the name 'jiiti*', 
thi* anlhi»r says in p. 7(il), “'I hi- name jnti* !•«. ih-rivi-il 
Inmi the Sanskrit ‘jimt’, meaiiiiiM- (n lx* (‘iilani»h*il.’' 
Ihit the popiilai* Ix'lief in this eoimtry i^ that 'pat’ 
stoiiil at om* time fi>r silk. Tin* Miiiili.sh piwiph* 
i'alli'il libi'i* fi*i»m (‘tirrJior//.< rnfi.s^uhnis ‘jhiit pat’ 
m.‘aninii: “false silk”. Siil)sei|ii(*ntly, for l)ri*vity, 
perhaps, tin* WiUil ‘pul’ was ilri>ppi*d and it Ix'naii 
til be kiiiiwn as ‘jlmt.’ ami thi‘n as jute. whii‘h is 
iinn'i* i‘a'-ily prt»ni>mii‘i'il. 

S.irkar. ./. Indian (^heni. .S'nr*., //.i.'H, 


Deep Sea Work 

will bi* mtnmtf*d iui a spf*i*ial snbmarim* stae^i*, to 
lliiodlieht tin* si*em‘. 'Phe in1i*nsi* Imat at whiidi 
(In* lamps i»p(*rate would eaiisi* th(*ni ti) fail in 
a fi*w minnt(*s if bnrn(*d in (In* opi'ii air. Dm* to 
the eimlinyr aetiim id’ the water, howi*vc*r, th(*y will 
finii'tiiin Ibr ‘J.’) hrs. ’rin* bulbs, maih* id’ special, 
hard iil(ra-vi(d(‘t transmitting niass to |)rovide the 
]x*st imssible photoe;raphi(* lijrhl, are tilled with a 
mixtiin* id’ nitro^rpii and ariroii, ami litti*d with speei:il 
riibbc*r insulation ti> iiisiin* perfe(*t waterproiiline;. 

Jnnr. Fninl:. IksI., An»i[. lP!i 7 . 
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The Informative Content of Education 

H. Wells 


S|*:<TH»\ L of <li(* hritisli Associjitinii is of noressity 
om* of <Iu' lojist s|M‘(*i:ili/i*(l of :ill sortioiis. Its iiitoi*- 
osts spr(*:i(l fnr Ik'VoikI profossi.Mi:il limitations. It 
is :i section where anyone who is so to speak a 
vitixeH at larffc may hope to jilay a part that is not 
alto^^ether an impertinent intnision. And it is in the 
eiiaraeter of a idtizen at lar<»e that I have accepted 
the very jrreat honour that yon hav<* oiler<*d me in 
making; me tlu‘ IVesident oi tliis sc'ction. I have no 
other claim what(‘ver upon yonr attention. Since* 
the remote days when as a n<*edy adveiitun'r I 
tanglit as non-resident master in a jirivate schooh 
invigilated at London I’liiversity examinations, 
niid<‘d the dl|ilomii examinations of tin* ( 'olle^e of 
Preceptors for the mon(*y prizes ollen’d, and in tin* 
most commercial spirit, crammed candidates lor the 
science examinations of the university, I have spent 
very few hours inde<‘d in edncational institutions. 
Most of thos(* were spent in the capacity of an en- 
(iniriiiir and keenly interested par(‘nt at Onmile 
School. 1 doubt if there is any member of this 
section who has not had five times as much temdiinir 
experience as I have , ami wh<» is not conip(*t«*nt to 
instnu't me upon ail ipu'stions of method and edu- 
cational organization and machinery. So I will run 
no risks by embark injj; upon (jiicstions of that sort. 
Rnt on the otber hand, if I know very little of edu- 
cational methods and macliinery I have had a cer- 
tain amount of special experience in what those 
methods produce and what that imndiine turns out. 

I have been keenly interested for a number of years, 
and particularly sinci* (he war, in jmblic (houjiht 
and ])ublic reactions, in what people know and think 
and what th(*y are I'cady to believe*. What tliey 
know and think and what tin*)' are* ready to believe 
impresses me as remarkably poor stnIV. .\ jijeneral 
ilSnorance- even in respeelabh^ ijuarters— of some 
of th<^ most e*lementary rc*alities of the political and 


.social life of the world is, I believe, mainly account- 
able for mmdi of (he dis(*onifort and menaei* of onr 
times. 'I’he niiinstrm'tcd public intel!i|[;ence of onr 
community is fei'ble and convulsive. It is still a 
herd intellijrenee. It tyrannizes here and yields (o 
tyranny there. What is calh*d elementary (*dm*ation 
throughout the world does not in fact educate, 
beean.se it tioes not properly inform. I reali/(‘d this 
very acutely durin*; (he latter statics of the war and 
it has been plain in my mind ev(*r since*. It led to 
my tukinji: an a<*tiv<* part in the production of vari- 
ems outlines and summaries of (*ontemporary know- 
ledj^c*. Necessarily they had the d(*fec*ts and Iimi(- 
ations of a private adv<*ntnre but in niakintr (hem I 
learnt a jrreat d(*al about — what shall I say? - the 
c*ontents of the minds onr s(‘hools are tnrninjr out 
as taujrid. 

And so now f am proposinjr to concc^ntrate the 
attention of this seidion for this meetinjr on the 
(|ue.stion of what is taaqht as fart, that is to say, 
upon the infnnnative sate af vdaeathatal frurL 
For this year 1 .snjrjrest we jrjve the (piestion of drill, 
.skills, art, music, the tcachiujr of laiijriiajres, mathe- 
matics and other symbol.s, physical traininjr and 
development, a rest, and that W(* concentrate on the 
iiKtuiry : W/ait are ire telling yoaag people tlirevthj 
ahoai the irorld in irliirli they are to Hre f What 
i.s the world picture we are pre.sentinjr to their 
minds ? What is the framework on conceptions 
about reality and about obligation into whii'h the 
rr*st of their mental exi.stenc<*s will have to be lit- 
ted ? I am ])ro]iosintr in fact a review of tin* 
in format ire side of ettaraf inn, wimlly and solely— in- 
formative in relation to the ne(*ds of modern life. 

.\jid here the fact that I am an educational 
outsider- which in every other ndation would he 
a disipialilication- -{^ives me certain very real ailvan- 
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tjijjos. 1 (‘Sill tjilk witii I'niiikiifss. And 

1 am iiiclimHl to think that in this inattri' of tho 
iitforinativo side of odiioation fninkncss has not 
always h(*<*n coiisimciioiis. Koi* wliat I say I am rcs- 
poiisiblo only to tin* hoanT ami my own s(‘lf-ri‘s|>»‘rl. 

1 o(*<‘(i|)y no position from which I can ])c dismisNcd 
as (insoiind In my idtMS. J foih>w no career that can 
be atVected by anything I say. I folhiw, indc<*d, no 
eareiT. 1 have no parly, no collcajriics or asst)ciali‘s 
who can be emba?Tasse<l by any nnorlhodox su^ocs- 
tioiis J make. Kvery schoolmaster, I'very lea<‘ln'r, 
nearly every pndcssor must, by the natiin* of his 
calling, be wary, diplomatic, <Mimpromisin^ he has 
his governors to consith*r, his <*olley;c to consider, 
his panaits to consider, the local press to consider; he 
must not say too mu(‘h nor say anything that mi^ht 
be misinterpreted and misundi'istood. I can. And 
so 1 think 1 can b(*st serve tin* jinrposes id the 
liritish .Vssociation and (his section by (akinjr every 
advanta^f* id' my irn'sponsibiiity, bein^ as unorthodox 
and provocative as I can In*, and so possibly sayinjj 
a thinji or two which yon are not fn‘(* to say but 
which some of you at any rah* will be more or less 
willin;r to hav(* said. 

Now wln*n I sot myself to review the tield of 
ini|uiry I have thus delined, I found it was neeessary 
to taki* a number of very practical preliminary 
issues into account. As educators we are }j;oin«!; to 
ask wluit is the sid)ject-mat.ler of jre.neral education? 
What do we want known ? And how do we want 
it known ? What is the essential framework of 
knowledge that should be established in the normal 
eiti/en of our modern community ? What is the 
irredueible minimum of knowh'd^e for a responsible 
human beinjij to-day ? 

1 say irreducible minimum — and I do so, because 
I know at least enough of school work to know (he 
Jtrim siifnihcance of the school time-table and (»f the 
leavintj school a^e. L'nd(*r contemporary conditions 
our only prospect of securiuj; a m(*utal accord 
tln*ou};;hout tlic community is by layinjr Ji common 
foundation of knowlcdjrc; and ideas in the school 
years. No one beli(*ves to-day, as our grandparents 
-porlinps for most of yon it would he bettor h) say 


‘Sreat-|;ra I id parents — believed, that (‘dneation had 
an end .somewhen about ado|ese(*nce. Voiinir penpic 
then left school or coll(*;;c muh*!* tin* imputation 
that no one could teach them any more. 'I’hcrc has 
lM*i*n a <iiiict hut complcti* revolution in peoples 
idc.as in this respect and now it is rccn|rni/cd almost 
iiiiivcrsdly that people in a iiiodcrii commimity 
must be learners to tin* end of their d:iys. W'c shall 
lie iTivinj; a consid(*ral)lc amount of attention to 
coiiiimialion adult and postLp'adiiatc studies in this 
section, this year. It wmild la* wa**! iiitr oiir oppor- 
tiiiiitit's not to d(i so. llcr(‘in .Xottiii^ham I hiiv(*r- 
sity (^^lh‘ec wc have mulcr Professor I*ccrs tlie 
only Professorship of .\diilt MdiK'atioii in Mne;|and, 
and the .\diill ]*Miication Department whi(‘h is in 
<*losc t»Mich with the Workers’ h]dn(*:ition .Associa- 
tit)u lias hroa<h‘ncd its scope far Ix'yond tin* normal 
ran»;e of Adult Pdneation. ( )i]r modern idea seems 
to ho a <‘oiitiim:ition of l(‘arnin^ not only for iiniv(*r- 
sity graduates and ))raeti(ioii(*rs iti tiu* so-(*!ill(*d 
inff‘llectiial professions, hut for tin* min(*r. the 
j)lonjrh-hoy, the ta.\i-eal> drivi'i* and tin* ont-of-work, 
throughout life. Our iiltiiniite aim is au (*iitir(*)y 
educated population. 

Ncvertheh*ss it is t rue that what I may (*all the 
main h(*nms and »;inlers of the m(*nlal frann*work 
must he laid down, soundly or unsoundly, liefore tin* 
<*lose of adoles(*(*nee. W'c* live* under conditions 
where it seems wc arc still only ahh* to afibrd for 
tin* majority of onr yoimj*; pc‘o])lc, fr(‘i‘dom from 
economic c*xploitation, tc*achcrs even of the ch(*apc*st 
sort and some* cdiicatioiiai (‘((iiipn ent, up to tin* a^e 
of 1 1 or lo, and wc* have to (it onr proji*c(s to that. 
.Viid even if wc were fi(*c to carry on w'itli unlimited 
tiiiK’ and nnrc‘slrainc‘d t(‘achin^ n*sourcc*s, K troithi 
still he in iJntsr n/wtiintf years Ihal the. fraatetrarl: 
of the litiatl troahl hare In he laade. W’c* have jjjot 
to .sc*i‘ th(*n*forc that whati*vcr wc* propo.se as this 
irrc*ducihlc minimmii of knowlcdjrc* must In* impart(*d 
heftreva iafaary and- a! tansf the fifteonlh nr 
si.rleealh year. Uoiijrhly, wc* have* to ^et it into ten 
years at the outside. 

.\ud next lc*t us turn to another relentlessly 
iuelastie ])aekiu^-ease, and that is the sehool time- 
table. How many hours in tin* W(*ek have* wc fjot 
for this job in hand ? The maximum sehool hours 
we have available* are .somc'thiiijj round about thirty, 
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l)iit out of this wo UiW’o to tako tiiiio wliat I luny 
llu‘ noii-iul‘oiiu:itivc t(‘:icliin»>:, tlu* luitivu and 
i'onun'M t<‘a<‘liiii‘«;, (o road, toaoliinj; 

to write clearly, kasic matli<*mati<*al w«)rk, drawiii*;. 
various I'oriiis of luaiiual training, luiisic, and so forth. 
A certain aiuoiiut of informal ioii may he mixed in 
with llics(‘ snl)jccts hut. not very much. 'I'lnw are 
iiol wliat I mean hy informative snhje<'ls. J{y the 
time we me l,|ir(ni»;li with these non-inrorniative 
subjects, I donht if at the most, tfcnerons estimate 
we can aiiportinn nion* than six hours a week to 
essentially informal ivi* work. 'rheii let ns, .still 
crrini; on the sid(‘ of nciierosity, jissiime that there 
are Id weeks of schoolin'*’ in tiic year. That ogives 
ns a maximum of !i{() hours in tin* \ car. .Vnd if 
W'c lak(‘ ten y<‘ars of scliooliiijr jis mu nvera'^f* human 
hein^r’s preparation for life ;ind if we disr(‘‘»:ar<l the 
ravai^i's made upon our school time hy mcasl(‘.s, 
cliickcn-pox, wluMipinj;* (‘oui»;li, coronati<ms and oc<‘a- 
sioiis of public rejoiein«»;, we arc i^ivcai IMOO hofirs 
:is all that we <':in ho|)(‘ for as our tinu' allowaina* 
for 1)uildiii<i: up a coluTcut picture of the world, the 
essential foundation of knowh'djrc and ideas, in the 
minds of onr people, '^riic complete framework of 
knowlcdii’c Inis to he <'stahlish<*d in two hundred 
do/cii hours. It is plain that a (‘ousiderahh* an.s- 
terity is indicated for ns. W<‘ have no time to 
waste, if onr schools arc not to j*:o (Ui dclivcriii};, 
year by year, fresh hordes of ijrnorant, nnhalam'ed, 
uncritical minds, at once suspicions and crednions, 
weakly jirc^ariinis, easily batlled and easily misle<l, 
into the monstrous responsibilities and dangers of 
this present world. .Mere cannon-fodder and stulV 
fur mas.sacn’s and stampi'dcs. 

Onr question becjunes therefore* : ‘What should 
p(M)]»l(‘ know -whate'ver else they don’t know? 
Whatever (*lse* we may leave* ov(*r for leisnn*-tim<* 
n*adin;X. I^>i' bein^ picke'd up or stndieel afte*rwards 
— what is tli(‘ irr(*dncibh' minimum that we onjrht to 
te*acii as clearly, stremyjly and conclusively as we 
know how f 

.\nd now I --and yeni will reineMuber my r»">le is 
that of the irrcsjionsibh* outsider, tlie citizen at 
lar»^e- i am ^oinji to set before' yon eine .sclieme e)f 


in.strne*tiem fen* yenir e*e)nsidoratie>n. For it 1 demand 
all tlmse pre*e*ions ‘J,100 hemrs. You will pe‘re*e‘lve 
tlie .scheme* is e*x|)lie*itly exclusive eif se*ve‘ral con- 
trnelie'tory and discursive subjects that imw find a 
plae*e* in nmst cnrrie*nla, and y«)u will also llnel 
dembts arising in your mind abemt the supply ami 
e*e)mpe*te‘nce* of te*ae*he*rs, a elillie'idty about whie*h I 
he»pe to .say .somethin}; be*fore my time is up. Hut 
te*ae*hers are for the* weirlel and not the worhl for 
te*:ie*he*rs. If the te*ae*he‘rs we have* to-day are* not 
e*eiu:d le> the* task r(*epiire*d e»f them, the*n we have* fo 
re*e*e»neliliewi emr te*ae*he*rs eir repl;ie‘e* them. W'e* live* 
in an ex.actini; world and a e'crtain minimum e)f 
pe*rformane*e* is re*e|uire*d of us all. If children are* 
not tee be* y:ive*n at h'.i.st this minimum ed* inibrniatiem 
al)out the* w^eerlel into whie*h the'v have* I'ome* threainh 
iie> f.iult eif lhe*ir own the*n I elo thiidv it woiihl be* 
be*tte*r for the‘m aiiel the* wu lel if the*y we*re* ne>|. beu-n 
at all. .\ne1 te) m:d\e what I h.ive* te) say as ch‘ai’ as 
peissilih' I have* had a eliai;ram eh'sie’ue'el whie*h I will 
iinlolel to yeaias my e*xpl;jn;if i*»n unlblels. 

^ e)u have* alr(*ae]y meted I have* e*.\pe)S(‘el the* 
e»pe*nini; stajre* ed‘ my dia'.»ram. ^'e)U se*e* I make* a 
thre*e*-lbld elivisiein eif the* e^hilel's impre'ssie)ns and the* 
niatte*rs npeui whie*h il.s e|ue*stiems are* me>st live*ly ami 
n:itnnd. I say mithiii}; abeiiit the e*hiid h'arninu; to 
e*e>unt, se*nbble*, handle* thin»;s, talk ami le*arn the* 
alphabe*t and se> forth be*e*au-e‘ all the*.se things are* 
rule‘el oiit^by my re*slrie*tiem eef my aelelre*.ss te> inlbrm- 
atie'ii eudy. This is what it wants tei kmwv. In all 
tliexso e*elue*atie)njd m.'itter*^. the*re* is an e*l(Mm*nt ed‘ 
e)ve*rlap. As it Ie*arns abemt tliiii'^s and the*ir re*l.atiem- 
.ship and inte*rae*tiem its veie-abulary im*re*as(*s and its 
iele*as eif expression eleve*hq). Vem will make an 
alle>wane*e tor tlkut. 

.Vnd neiw f brinj; eleiwni my diaj^ram tei expense* 
the* first sta^e* eif peisitive ami ele»libe*rate te*ae*hin.ir- 
We be'jiin te*llin}>: true storie*s eif the* tiast and e>f 
e)tlu*r lands. We* e>pe*n e)ut the* chihrs mind tei a 
realiziition that the* se>rt of life* it is livin'; is neit the* 
only life that has bee*n livc'd and that human life in 
the ]»ast has be‘i'n ditlerent frean xvhal it is tei-day 
and em the wheile* that it has bee*n proe;re'.ssive. We* 
shall have to teach a little about law and reibbei’s, 
king.s and ce)iK|uests, but I see no need at (his stage 
to aflliet the growing mind with dates and dynastic. 
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ti;|A«e F. 

KC^KhowIcdge 
afld Thought 


' STUDY I^R WORK I{J niiSTviMQ* 

ART, INDUSTRIE ADMINISTRATIOX, 
*■ I, AW, POWTICS, RTC. 


GRADE E. ; 

Adult Learning ' 
Postgraduate or i 
Adult School 
work. CrilicisiiuS: ; 
Research under , 
Direction. 


SPUCIAL COURSES EOR INDIVIDUAL NEJvDS. H- G 
RH.\BWA1,& MODKRNISATIZON COt KSBS I'OR 
Till-; I’ROl'BSSION.S 



GRADE D. 

llmlergradiiiiti- , ]' 

Of , -• 

Continuation | 
School Work. | 3^ 


4 . 


Alterative Specialized Studies, e. g. 

History X: Sociology 
Biology, Physiology, .k* 
Chenjico- Physical Scic-iicc 
IMiysical (icograpliical X: 
vSocial Science 
History of Art. 

Literary Studies, 

i<: so forth 


GRADE C. 

vSystoinatie Stndv 
with Resort to 
Mnseiun, Ijhrary 
and 

Laboiatoi V. 


Allernaiive 
Conrs<*s ; 
ADVANCED 
PHYSICS. 

OK 

ADVANCHD 
IU()L( )GY Xj 
PHYSI(.)L( >GY 
PlvKSONAL 
S(X'I()LO('tV 


A Short History 
of (‘.eneral Ideas 
t'onijiar.itive 
Religion 
Study of Social 
T> pes i.eading 
to Clnnee of a 
R«»le 


Ideas ok 

Sot' I A L O R ( ; A N I s A'r 1 ( ) \ 

Socialism : 

Relation to Detnoeraev 
A Ciiristianitv 

The ('.rowth of (^overntnent 
Control of Heonoinic 
I.ife in : (treat Kritain. IJ.S.A. 
Italy, (fenuaiiy, Russia etc. 
Monetary X: idnatieial 
Orgaiii/ation of the Worhl 


j Cl R RENT 
j World P(h.i'i'ics. 

1 Descriptive X: Critical Study 
' Iff the (irent War 
' The History of the World 
from 1‘MS to d.'ite 
Cotitemporary W;ir 
Organi/atioii 
Study of Propaganda X: 
.\dvertisi«Jg methods as 
a t (MTective to Newspajjer 
Reading 


StK'IAI. MhCIIAM.S.M 
;V Short History of 
Commuiiieatiriu and 
Trade 

.V I lislory r>f 
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j):a*ti(.*ul:irs. 1 hope tin* time is not far distant wImmi 
c'liildroii <d’ cij^lit or iiino will be fic'rd from flic 

]K*rsiiasion that history is a inaj^ic recital hcKinniiijr 
‘William the (‘ompieror, WKJti.’ (’oncnrnMifly, we 
on«j;ht to make the weather and the innd pie onr 
inlrodnetion to what 1 1 iixley christened lony; a^^o as 
Kl(*mentary Physio«j;ra[)hy. W(‘ ony:ht to Imild up 
simph* and clear ideas from natural experience. 

W(‘ start a study of the stales of matter with the 
boilinj^, evaporation, freeziiijir and so on of \val(‘r 
and ;j;o on to elementary physics and chemistry. 
Local tojioj^rapliy can form the basis of c;eo»Taphy. 
We shall hav<! to let onr learner into tin? s<'crel that 
the world is a ^lobe — and for a time I think that 
lias to b(‘ a bit of dojrmatic teachinj^. It is not so 
easy as many people suppose fo prove that the worhl 
is spluu’ical and that proof may very well be left to 
mak(‘ an exercise in loeic later on in tlu* education, 
'riicn comes biology. lOdm’ation I rejoice to see is 
rapidly bcconiin^ mon‘ natural, mon^ biolo^ic:il. 
Most younjf children are I'eaily to learn a m’eat <leal 
more than most tcsichers can ^ivi* them about 
animals. 1 think w(‘ mi;:ht easily turn tin* bear, the 
wolf, the ti‘'‘er and llu* ape IVom holy t<‘rr<irs and 
uii!;ldiuan‘ material into sympatheti<' creaturivs, it 
we brought some realization of how these creatures 
live, what their rc'al excitements are, how they are 
sometime.^ timiil, into te.u'hin^. I don’t think that 
d(*scriptive botany is very suitable for younjr 
children, h'lowau’s and leaves and berries arc brij^ht 
and attractive, a fa<‘toi' in a‘^tlu‘tie education, but I 
iloubt if, in itself, v<’j];ctation «*an hold tin* attrition 
of the younjj;. Ihit directly we be<;in to deal w'ith 
plants as liidin^-plac(*s, homes and food for birds 
ami beasts, tin* little boy or y:irl lights up and li-arns. 
And with this natiii'al element.-iry /oology and 
botany we should Ix'Ljin elementary physiolojry. 
How plants and animals live, and what health 
means for them. 

There I think you have stutV eiiotieh for all the 
three or four hundred hours we can att’ord lor the 
foundation .stajjje of knowd(*d^e. Outside this subs- 
tantial teaching; of s<‘hool hours the child will be 
readinjr and indul^in^ In ima<j;inative play - and 


making that eh'ar distinction (‘hildren do h‘arn to 
make bctw(‘en truth and fantasy — .about f.airyland. 
niajii*’ carp(*ts and .s<*ven haiirui* boots, and all the 
re.st of it. So far as my convi<*tions eo I think 
th.at the less youny: ehihlnai have either in <»r out (»f 
.school of what has hith(a't(» lij::unal as historic, the 
better. I do not se»* either tin* charm or t he edu- 
cational benefit of making: an important subject of 
the <‘riminal history of royalty, the imiialer of tln^ 
Princes in the d'ower, tin* wives of Henry the 
Ki*>:hth, the f.amilies of lOdward .and datiu's I, tin* 
mistre.sses of ( 'harles II, Swc« t Nell of ( )ld Diairy, 
and all tin* n‘st of it. I siijii^est that tin* sooner we 
^et all that unphaisant stiiiV out of >ehools, and IIm* 
.sooner that \\v for}.^et the bordm' bickiainjfs of 
Kurland, Prance, Scotland. Ireland and Wales, 
Hannockijui II, h'lodihai, ( 'n-cy and Ay:incourt, the 

nearer our world will be to a utlook upon life. 

In this survt‘y ol what .a common i-iti/.eii should 
know I am doin^ m> be.^t (<» (>lbow the scandals and 
revenj^i's whi(‘h once pa-'^'^etl as Lueli^li history into 
an obscure career or out of the picture altogether. 

Ihit I am not proposing- to eliminate history 
from education far from it. Let me brin^ down 
my <liaj^ram a ^laee further and you will see how 
lar^e a proportion of our treasiin* of ‘J.OtM) hours I 
am t»ro|)osin»j: to arjve to history. This next section 
reprc'seiits about SOtl to l,(H)t) pre .adolesiaaif hours, 
it is the s<'liool-boy sc|iooI-jrii| .stai^e. .\nd here 
the hi.story is planned to biini; home to the new 
jreiiendion the reality that, the world is now nm* 
<’ommunity. I bi’lievc* that the crazy combative 
p.atriotism that plainly threatens to dr‘stroy civiliz- 
ation to-day is very largely bcjoittcn by the school- 
master and the schoolmistress in their history 
lessons. They take* tin- ^rowinjr mind at a naturally 
l)arl)ari(‘ ])hase and they inllaim* and li\ its bar- 
bari.sin. I think w<* underrate the formative etVect 
of this i)er|)etu;il reiteration of how fm won, how 
(fttr Lmpiri' j^rew', and how n‘hitively sphuidid tre 
havi* been in every d(‘partment of life. We are 
blindfMl by habit and custom to the way it infects 
fhe.se j^rowMiijf minds with the chronic and nearly 
incurable di.se.ase of national ejroti.sin. I‘]((ually mis- 
^•hievous is the furtive anti-|)atriotism of the h'ftish 
teacher. I su;j:tr(‘st that we take on onr history 
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from tli(* simpN* (l(*s(‘rii)tivc mitliroi)(flojry of the 
clcnmiitiiry st;i«rr (o the story of tlic cjirly civiliz- 
iitioMs. \\v arc dcalinjj^ lien* with material tliai was 
not even a\ailal)le for tin* sehonlmasters ami mis- 
tresses who taiij^ht our fathers. It did not exist. 
Jhit now we have tli(‘ most lov(‘Iy stiilV to hand, far 
more (‘.xeitiii^ and far more vahiahle tiian the 
(inarrels of II(‘nry II and ;i lleek(‘t or the peculiar 
unpleasantiK'sses of Kin;; .lame.-, or Kiujr .lohii. 
Arithaeoloj^ists hav(‘ b(‘en pieeinj; tojjether a record 
of the }»row'th of the primary civilizations and the 
developiny: rul(‘s of priest, kinjr, farmer, warrior, 
the siiee.ession <»f stone and eofiper and iron, the 
a])pearam*e of horse and road and shippiujr in the 
e.xpausions of tho.se iirimordial couuuuuitie.s. It is 
a far liner story to tell a hoy or y;irl and there is 
no reason why it shoidd not he told. Swinjfinjc 
down u|>on thes(* eirly civilizations cariu* lirst the 
Seinitie-speakinjjj peoples and then the Aryaii- 
•speakers. Persian, .Ma<*edonian, Ihnuan follow<“d 
one another, (1irist(‘ud<Mu inherited from Home 
and Islam from Persia, ami Ihe world he;(aii to 
assunu* the shapes w(‘ kimw to-day. 1'his is jrreat 
history and als<i in its hroad lin(‘s it is a simple 
history upon it we can hase a lively modern inlelli- 
{renee, and now it <*an he put in a form just as 
compreh“nsihh‘ and exeilin^r for the school phase 
as the story of our Ku^li.sh kin^s and their tern*s- 
trial. dyiia.-^tie ami se.xiial entaiijrlenmnts. WImui at 
last we focus our alleiitioii <m the Hrilish Ish's and 
France we shall have the allairs of these regions 
in a pH»per prop<irtioii (o the re*,t of human adven- 
liire. And our youiij; peo|)le will he thinking le.ss 
like ;io>sij»iun; court |)ay:es and more like horse-riders, 
seaimm, artist-artisans, road-makers and city hiiild- 
ers, which I take it is what iu spirit we waul them 
to l)e. .MeasuriMl hy the nrreat eurreut of hist{)ri<*al 
events, Fnjilish history up to ipiite recent years is 
imu’e hole-and-(*m*ner history. 

.Vml I have to su}j:y:«'.s| another exclusion. Wo 
.are telling onr younj: p<*ople alamt the real pa.st, 
the majestic ex])au.siou of terrestrial event.s. In 
th(‘se <*xeuts thi‘ little rejihm of Palestiiu' is no 
more than a part of th(‘ hijrliway hetween Fijypt 
and iM<‘.sopotamia. .'s tliere. any real rea.soii iiowa- 


day.s for exaj^treratintr its importance in the past? 
Nothing: hejfan there, nothinjj was worked out there. 
.Ail tin* hi.stori<'al part of the Bihle abound in wild 
exajjKcration of tin* importance of this little strip 
of land. Wc were all brought up to believe in the 
nia^nifieenee of Solomon’s temple and it is a start- 
liiij^ thiiijj: for most of ns to read the aeeonnt of its 
decorations over aj^ain and tnrn its cubits into feet. 
It was smaller than most barn.s. We all know the 
peculiar delit^ht of devout people when, amidst tin* 
endless remains of the irreat empires of the past, 
some (Inbions fraipnent is found to eontirin the 
existence j)f th(‘ Hebrews, fs it not time that we 
i*eeojrni/(»(l the e.xtreme insi^fiiifieanee of the (‘vents 
ree(»rd(*d in Kinj^s and (/hronieles, and eeas(*d to 
throw th(^ historical imagination of oiir yountr' pc'oph* 
out (»f p(*rspeetive by an over-empliasized ma^niiiea- 
tion of the history of .Indea ? 

Look at oiir time-tabh* and what we have lo 
teach. If W(‘ jiive history four-tenths (»f all the 
time W(‘ have for imparting knowledge that still 
}»:ives ns at best .sometliin^ a little short of 400 
h(»nrs aIloj 4 elh»‘r. Fv(‘n if we think it d(‘sirable to 
p(‘rplex am ther ^(‘nerntion with the myths id’ the 
(-reation, the Floo(|, the (’hos(‘ii People and so 
forth w(‘ haven’t jrot the time for it — any more 
than we have the tiim‘ for the really (piile mi(*difyin^ 
records id’ ail the Kin^s and (Jiu'cns of Fn^Iand and 
their claims on ihis and that. No rea.'^on why much 
of that stniV should not b(‘ piekisl up in private 
reading — by tho.se who like that sort (d’ tiling. Hut 
.Ml far as tlie .school tim(*-tahl(' irocs we an; faced 
with a plain alternative. One Ihiiiju: or tlie oth(*r. 
(ireat history or hole and-eorner lii.story ? The 
.story of .nankind or tin* narrow, .self-rij^hteons, 
blink(*r(‘d stories id the British and (he .lews ? 

’rii(*re is a lot more we have to put into (he 
heads id’ our yonujr peopl<‘ 5‘i^d above ||islory. 
It is the main subject of iii.slrnelion but evrm so, it 
is not e\’en half of the informative wcu'k that on^rld 
to ^[ot throiiy:h in this school sta^ji*. Wc have (o 
consider the eollat.i’rd subj<*et of jrcojrrajdiy and a 
general survey of tin world. We may have a little 
mapmakinu; her(‘, but T take it wliat is needed most 
are n‘nsonnbly precise id(*as of the various typos of 
cotintry and the distinctive* flora.s and fauna.s of the 
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main regions of the world. We do not want our 
hiidding eiti/ens to ehnnt lists of eapes and rivers, 
hnt we do want them to liave a j-eal pietnn* in their 
minds of the Amazon forests, the pampas, tin* 
various i)hases in the course* of tin* Xile, the laiid- 
seape of Labrador and so on, and also we* want 
something like a realization of the sort of hiimaii 
life that is led in these regions. We have* e*iieiriiioiis 
re*sourees now in ehe*ap phe»tography, in lilnis and se> 
lorth, that e'ven our fathers never (lre*nmt eif — te> 
make all this vivid and n*al. New im‘lhods are* 
iieeHled to handle* these new instrum(*nts but they 
need ne)t be overwhelmingly eostly. And alse» uiir 
new citizen should kneuv enemgh eif tope)graphy tei 
re'alize* why Ijondon and Riet and \ew York aiiei 
Remu* and Sue'Z happe‘n te^ l)e‘ where the*y are aiiel 
what sort ed' plaee*s the*y are*. 

(ieeigniphy and Histeuy run into e-aeh e>the*r in 
ihis re*s|)e‘et anel, ein the otlie*!* hand, (i<‘e>graphy 
re.*aelies e>ver to Riology. Here* again our sehexils 
lag some* lifly ye*ars beliind ee)nteinporary kneiwlcMlge*. 
'rhe past half-<*entury has written a fascinating 
liistenw »if the sne<*e*ssion of living things in time* 
and maele plain all sorts of pro(*e*sse»s in thei pros- 
perity, d(*elinf\ extine.*tie)n and re*pla<*eme*iit e)f 
^pe*e*ie*s. W'e e*an skete'h the wonderful and iiisjiir- 
iiig story e)f life ne)W from its b(*ginning. .Moivover, 
we have* a eemtinnally iimre d(»linite aeeemiit e»f the 
'-eM|ue*n<*e e>f sub-man in the* world and the gradual 
cme'rge'ueM* of our kinel. This is e'l(*meutary, e»sse»n- 
ti;d, interesting and stimnlating stnfV, and it is 
impossible to consider anyone a satisfae-tory e*itize*ii 
who is still igne>rant of that givat story. 

.\nd finally, \y(\ have the scie*nee of inanimate 
matter. In a world of machinery, eiptieal instruments, 
‘ lee'trieity, radio and so forth we want tei lay a semiid 
foiinelatiem of pure physics and eli(*mistry upon the* 
most modern line*s— -for everyone*. Some of this 
work will no deinbt ovorlat) the math(*matieal tetaeh- 
iiig. And finally, te» meet awakeaiiiig e*nrio.sity and 
take* the morbidity out of it, \\v have to tell oiir 
young people and especially onr young tow’npe*ople, 
ihoiit the working of their bodie*s, about reprodue- 
*ion and about the chief disease.s, e,*nfeeblements and 
a e ident that lie in wait for them in the w'orld. 

‘i05 


That I think complete*s my .summary ed‘ all the 
iidormatiem we can hope fei give in the hwver scheeol 
stage*. And as I make it I am ae*utely awan* (»f 
your nnspi>ke*n e*emime*nt. IIV/// surh /ntrhrrs tts trr 
Itatr! W(*ll I tliink that it is a bette*r rule* of lib*. 
///.</ to make* sure* of what yeni want .‘inel th(*n se*| 
abemi ge‘tting it, rather than te» eMnisieler what yon 
e*an e*asily, safely and nu*anly ge‘t, and theai set abemt 
re*<*em<Mling yenirse*lf to it. I admit we* cannot have* 
a ineKlern e*dii(*atie)ii w'itheeiit a inoderni/(*d type* eif 
te‘;i<*he*r. Kverytliing 1 :nn saying mov iinplie‘s :i 
ele‘inatul for meire and Ix'tter te'achers -with be*tte*r 
e‘iiiiipm(‘nt. And tlu'se* tea(*Iie*rs w’ill have* to be* ke'pl 
/‘rrs/z. If is stij)idate*(l in nmsf lease's that W'e* 
simnlel paint emr Inmses outside* (*v(*ry thre'e* years 
anel inside* r*vcry seven ye*ars, but nobody (*ven 
tliinks «)f elenng np a schoe>l te*a(*lie*r. 'Tlmre* are 
te*aehe‘rs at waa'k in this eonntry W'ho have*n’t be‘en 
painte*el in-side* for lift) ye*ars. 'fhey must be* damp 
anel re)tte*n. Tweet hirels e»f the* teaching lerolession 
ne»w' is in nrge'iit iie*(*d of be'ing eitlie-r recondilioneel 
e>r snpe'ranimated. In this advane-ing w’orlel the* 
re‘<*e)nelitioning «»f Ixeth the* me*elie*al anel the* .selnelastie* 
pra<*titie)m‘r is be'cenuing a very nrge*nt probh*in 
inde*eel, Imt it is not one* that I e*aii deal with he*n*. 
IVe*.se‘ntly this s<*etion will be* ele*ve)ting its atte*ntiem 
tee :ielnh edne.-ition anel the'ii I Impe the* w’lioh* epie's- 
tion ejf jereelessional anil te‘chnie*al n‘fre'shme‘nt will 
be* v<‘ntilateM|. 

Anel there is anoflier mal(e‘r also e*Ios(*ly allie'el 
to the epie'stions of the* re'jnvenation e)f teaeln*rs. at 
W'hie*h I can only glaiiee; ne)w\ and that is the* bring- 
ing e»f se'liool bexeks lip to (late. Ill this informative* 
section of school w’eu’k tlien* is liardly a subject in 
which knowledge is not b(*ing vigorously revised 
and addetl to. Our school w'ork doe‘s not follenv np 
<*(»nt(*mi)orary digesting Still less do emr seheml 
librarie*s. They an* ten, fiftee*n y(*ars out of date 
witli much of their iiifonnatioii. Our -prison libra- 
ries by the* by are* eve*n weirse. I w’as told the* otli(*r 
day of a virtuous prisoner w'ho w’aiited to improve his 
iiiind about radio. The pri.son had a e'olh*(‘tie)n of 
technie'al w'orks made for such an oe*casion and the* 
latest book on radio wms dated l!t20. Tln*re is, 1 
b(»lieve,an energetic New' Schoe^l Books Association at 
w'ork in this liedd, doing w'hat it can to a(*t in e*oiu*e‘ii 
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with tlioso nil too potoiil jmthoiitios wlio I'niiiK^ onr 
(‘Xniiiitialion ^yIlill)us(>^. I am all tor lmrnin<x old 
school hooks. SoiiH‘day ]M*rhaps wi* shall hav(‘ school 
hooks so made th;it at the end of five years, let iis 
say, they will ImrsI into flames and in ilict severe 
l)iirns upon any hands in which they find themselvf‘s. 
Ihlt at present fimt is perhaps - Ttopian. It is 
even imn’c applicahh‘ to tin* next stay:<‘ of knowledge 
to which we are now <*ondn^■. 

This staji’e r(*presfMits onr last thousand hours 
and loiiirhly I will c:dl it tin* upper form m* uppcT 
staiulard static. It is really the closiiiji: phase of 
the available >ch<M)l period. Soim* of 1 h(‘ matter I 
have marked for the history (d' this j»:radc niiy:ht 
p<‘rhaps he ^•iv^•u in erade H and / /Ve We 
have still a lot to <]o if we an* to provide cv(‘n a 
skeietem platiorm for tlu* mind of our future citi/.(Mi. 
lie has still much history to learn hefore his know- 
ledy;(‘ can maki* an ctfective conta<‘l with his duties 
i\- a vot(‘r. You see I am still reserviiij^ four-teuths 
()f the available time, that is to say, lu'arly 100 hours 
for history, Ihit now we arc* pres(‘ntiue; a more 
detailed study of such phenomena as the rise and 
fall of the* Ottoman hanpirc*, tin* rise of Ihivsia, the 
Instory of the Ijalti<*, the rise- :ind fall ot tin* Spa- 
nish power, the Dutch, the* first and second llritish 
Kmpires, the h<*lated unilieafions of (iermany tiiid 
Italy. I'hen a> I have written we want oiii* 
modern citizen to have some m'asp of llu* im’rc'asinj: 
importance of economic chanjj;es in history and the 
s(*areh for competc'iit economic din'ctioii and also of 
the l(*adine[ theories of individualism, socialism, the 
corporate state, ('ommuid''m. 

I*\n' the m‘xt five-aud-twe.uty years now (he 
ordinary man all over tin* earth will he eimtiuually 
coid'ront<*d with thes<* systems of ideas. They are 
complicated systi*ms with many implications and 
applications. Imh.*ed th(*y ar<* aspe<*ts of life* rath<*r 
than systems of ideas. Ihit we send out our younji 
people ahsfdutely unprcpjired for the heated and 
l)iased iuterpr(*tations they will eiieountor. hush 
it up until they are iu the thick of it. The most the 
poor silly youujr things se(‘m sible to make of it is to 
he violently and self-rij;hteously .\nti- somethinjr or 


other. Anti-lled, .Vnti-Capitalist, .\nti-Faseist. 
Tlie more ijjnorant you are the easier it is to be an 
Anti. To hate somethiuji: without having aiiythintf 
substantial to put against it. A H]) 0 (!ial sub-section 
of history iu this grade should he a course iu the 
history of War, which is alway.s writtem and talked 
about by the unwary as though it had always been 
the .same, while* as a matter of faet — except for its 
vioh*n(!C — it has ehang(*d profoundly with every 
<*hange in social, political and economic life. Clearly 
paralh*! lo this history onr young pcojde need now 
a more* dctaih‘d and explicit accjiiaintancc with 
world gC‘ography, with tin* diflereiiL types of poim- 
lation ill tin* world and the dcvclopcul and uiideve- 
l(»p(*d resniirces of the; globe*. The d(*vastation of 
the world’s Ibrests, the r(*placement of pasture by 
sand (l(*serts ihrungh haphazard cultivation, the 
waste and exhaustion of natural resources, coal, 
petrol, wat(*r, that is now going on, the massa<*.re of 
important animals, whales, penguins, s(*ais, food lish, 
shoiihl be matters of universal knowledge and 
eone<*ni. 

’riu*n our uew citizens have* li> uiulerstaml some- 
thing of the broa<l ei(*m(*uts iu our modern sor'ial 
structure. They should be given an aeeount of tin- 
pres(*nt pliase of (*ommunicatiou and trade, of pru- 
diictiou and iiiveutiou, ami above all they need 
wliatever iilaiu kuowli'dgc* is available idioiit the 
eonveutions of pro[)erty and money. Tpoii th(‘se 
eonveiitions human propel ty stands, and the elliei- 
eiicy of tlu*ir W(U’kiiig is entirely dependent upon 
the general state* of mind thrmighout the world. 
We know MOW (hat what used to b(* callerl the 
iiiexorabh* laws of political f*eonomy and (he law^ 
of monetary science, are really no more than ra.-ii 
g<»neralization about human behaviour, supported 
by a maximum (d* pompous and a minimum of 
.seientilie observation. Mf)st of our young iieople 
<*onie on to adult life, to employment, business and 
the rest of it. blankly ignorant ev(*ii of the way in 
wliieh money has changed slavery and s(*rf(lom info 
wages emph>ym(‘nt and how its ilu(*tuation.s in vahe* 
make the industrial windmills spin or flag. They 
arc not evi*u warned of the sigiiificanee of such 
words as inflation, and deflation, and the wage carner> 
arc the helpless prey at every turn towards prosperity 
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(»f tin* sjiviiigs-snatchinjr (iiuiiuMor. Any plausihN* 
monetary chariatnii (.'an s(?ciiro tlioir ignorant votes. 
They know no better, 'riiey (;annot help themselves. 
Yet the subject of property and money— together 
they make one subject because money is only tlie 
fluid form of property- is scarcely touched upon 
in any stages in the edu(;ati(m of any class in our 
community. They know uotliing ab«)ut it ; tln*y 
are as inuoeent as young lambs and born like ihem 
for shearing. 

And now here you will see I have a very speeial 
panel. This I have (‘ailed JWsonal Sociology. 
Our growing citizen has reach(*d an age of s(‘lf- 
consciousness and self-determination, lie is on* 
the verge of ad<d(‘sceuc(‘. Moral training does not 
fall within tin? scope of the informative (*onl(*nt of 
t(‘aehing. Already the primary habits of truthful- 
ness, franknes.s, general honesty, communal Iceling, 
helpfidness and gemu’osity will or will not have been 
fosteri'd and establislu'd in the youngster’s mind by 
the example of those about him. \ ni('‘an atmos- 
phere niak(?s nu‘an p<‘oplc, a Utocompctitivi* atmos- 
phere mak(*s grc'edy, self-glorifying people, a eru(‘l 
atitjosphere makes fierce* people, bnt this is«iic «>f 
moral t(uie does JifU cone(‘rii us now hen*. Hut it 
do(?s concern us that by adoleseiMice the time has 
arrived for geu(*ral ideas about om*’s personal re- 
latioiisliip to the uuiv(*rse t(» be face(i. 'riu* primary 
proimsitions of the chief religions and philosophical 
intcrprctati(n\s of the world should be put as plainly 
and impartially as possible before our young peoph*. 
They will be asking tho.se p(‘r(*nnial *d 

adol(‘s(.*eiicc— whence and why and wliitln*!*. They 
will have b) face, almost at •)nc(\ tin* heated and 
c.xciting propagandas of tlmological and sc(»ptical 
partisans- iH'o’s and aiitrs. As far as possible we 
might to provide a ring of eU'ar knowledg(* for 
these inevitable lights. .\nd also, as the more prac- 
tical aspect of the (jue.stion, Wluit am I to do with 
my life ? f think we ought to link with our general 
'^tudy of social structure a study of so<*ud types 
which well direct attention to the choice of a 
metier. In what spirit will you face the world and 
what sort of job do you feel like V Thi.s subjiK't of 
IVrsonal Sociology as it is proj(*ct(*d here is tin? 


school (‘(juivalcut of a (Muilirmatiou class. It s:iy< to 
everyone : ‘Th(*rc arc the <*onditions under which 
you fa(*c your world.’ The response to thes»* jpics- 
tioiis, the d(‘tcriiiiuatiou of the will, is however not 
within our present se(»pe. 'That is \\ matter for the 
religious teai'her, for iiitimab* fri(‘nds and for the 
inner impulses (d' tin* individual. Hut •»ur childn‘u 
must have* the facts. 

Finally, you will st^e th:i( I have :i|)portiou(‘d 
-onie tiuii*, roughly two-teiiths of our l.bOO hours, 
in this giade to the aetpiisitiou «)f .sp('eialized know- 
ledge. Individuality is be(*omiiig couseioiis of 
its(‘lf ;iu(l s|)(H*ializatiou is b(‘giimiiig. 

’riuis I budget, so to sp(*ak, for our ‘J, ItM) hours 
of inforiuativ(* tea(‘hing. W'c hav(* brought our 
young people to the u[>per form, the upptu* standard. 
Most of them are now going into employmi'iit or 
spiMMal training and so taking on a lAh* in tin* eolU^i*- 
tive lile. Hut tln'n r(‘maiu some V(*iy ess(»ntial 
things whi(*h eannot bi» brought into school tiMiehing, 
not through any want of lime, but because of tin* 
immaturity of tin* growing mind. If we an* to 
build u real modern civili/atioii W(* must go on with 
detiiiite informative instruction into and even beyond 
adolese(‘iice. ('hildreu and young p(‘ople an* lik(‘ly 
to be l(*ss num(‘rous proportionally in tin* years 
aiiead of us in all tin* mon* (Mvili/(*d pctpniatioiis and 
w<* (‘Mimot ailbni to (*ousnm(* them in pnanatnre 
employment after tin* fashion of tin* preceding e<‘U- 
tiiries. The avei’agr of the population is rising and 
this involves an upward e.\tt*usiou of education. 
And so yon will sei* 1 suggest what I call an nnder- 
gradnat(* or coiitinnatioii school, (Jradt* I), the npi)(*r 
adolcsecut stag(*, wliich I presume will (*xt<‘inl at 
last to every class in the population, in which at 
least, half the knowledge a(*(inired will lx* sp(*eialized 
in relation to inten*st, aptitude and the S(H*ial needs 
of the individual. Hut the other half will have to 
be nnspeeialized, it will have to be general political 
edneatioii. lien* particularly (*omes in that educa- 
tion for citizf'uship to which this educational s(*ction 
is to give attention latter. It s<*(»ins to me altogether 
prcpo.stcrons that nowadays our cdin'atioiial organ- 
ization should turn out new eitiz(*ns wlio are blankly 
ignorant of tlic^ bislory of tin* world during tlie last 
twenty-live years, wlto know notliing of the causes 
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:iiul pluisos of tin* Grout Wjir niul aro loft to tho 
t(MHl(M’ nioroios of fn'iikisli nowspnpor ])ropriotors 

])}u1y or^ani/ors I’or tlioir i(h‘as about tiu* world 
outlook, u|)oii wliioli tlioir o*ollootivo wills and 
ai'tions mii>t play a dooisivo part. 

Social orn-aiii/atioii is cijually a matter for 
dotinito information. ‘W'o arc ail socialist nowailays.’ 
Kvorybody lia> boon repeat injj: that after tin* late 
Lord Hosoborv for years and years. Kach for all 
and all for each. We are all ay:n*(‘d upon the 
desirability of the spirit of Ghristianity and of tin* 
spirit of I)emocrm*y, and that the ireneral int(‘rest 
«>f the community should not be sacriliced to Private* 
Profit. Ye*s — beautiful, but what is not r(‘ali/ed is 
that Socialism in itself is litthi more than a jiciieral- 
i/atiem about the uinlesirability of irresponsible* 
owne*rship and that the major prol>l(‘m befeire* the* 
weirld is tei de‘vise senne* form of administrative eirjjfaii- 
i/.atie)n that will w<»rk be‘tle*r than the* scramble* ed‘ 
irresponsible eiwners. That Ibrin e»f administrative* 
orjjjani/ation has in>t yet bee'u devised. You <*annot 
e'xpropriate the* private adventurer until you have* 
d(*vised a nunpelvHl mrirn for the expropriate»d 
industry or service*. 'I'his compl(*x problem eif the 
ronfj)clent rcceirer is the uud(*rlyiui»’ problem of 
merst e>f our e'oiistnictive peilitie's. It is imperative* 
that every voter should have some <*oiiee*ptiem <d' 
the* e.\pe*rimeMts in e*ce)He)inic (*ontrol that are* in 
progiTss in Great Pritaiu, the ruile*d States ed’ 
.Vme’rica, Italy, Germany, Hussia and e*lsewhere. 
Su(*h ('xpfTiiuents are going to attect the whole eif 
hi> or her life profoundly. So, teie), are the expe'ri- 
un*nts in monetary and rmatndal organization. Many 
of the issuers involved go furthe*r than general 
principles. 'J'hey are e|iiautitative iissue.s, ({uestioiis 
e^f balance and nmre e»r le.ss. .\ certain elementary 
training in statistical inethexl is becoming as 
n(*cessary for anyone living in this world of te»-day 
as re*ading anel writing. I am asking for this 
much conte'inporary history as the* creiwning phase, 
the graduation phase of oiir knowledge-giving. 
.Aft(*r that mn(‘h fouinlation, the informative side of 
education may well be h*ft to look after itself. 

S[)eaking as a teacher of sorts’ myself, to a ga- 


thering in which teacher.s probably predominate, 

[ need scarcely dilate upon the fascination of dia- 
gram drawing. You will understand how reluctant 
I was to fniisli otV at Grade I) and how natural it 
was to (*xt(*nd my diagram to two more grade.s 
and make it a diagram of the whole knowledge 
organization of a modern eomniunity. Here then is 
Grade K, the adult learning that goes on now right 
through life, keeping oneself up to tiate, keeping 
in touch with the living movements about ns. 1 
h:ive giv(*n a sp(*ei:d line lf> those* reconditioning 
<*onrses that nntsi somelmw be* made a newmal part 
in the* live's of working proIVssiemal men. It i.s 
.-istonishing how sht/r nmst middle-aged medical 
Uie*!!, te'achers anel se)Iie*itf>rs are to-day. And 
beyond (irraele* K T have* put a flirt he*r ultimate* grade 
for the* fully adult human be*ing. He e)r she* is 
h'arning now, im longe*r eady from be)e»ks and news- 
papers anel te'achers, thenigh the*re has still to be* a 
le)t ed' that, blit as a worke*r with initiative*, making 
e*xpe*riments, h*a ruing freau new expe*rienee an in- 
dustrialist, an artist, an eiriginal write.*r, a respf»nsible 
lawyer, an administrator, a state*smaii, an exphn’or, :i 
se*ii‘ntil]c investigator. Grade* F ae*(*nmnlatos, n*cti- 
lie*s, e*iiange*s human cxpe*ricnoe*. And here 1. bring 
in an obse'ssion ed' mine* with whie*h I have* de'alt 
before the Uoyal Institution anel eisewe're. Yon see* 
inelieate'el by this Might ed' arrows, tin* rie*h re'snlts 
ed' the work eif Graele* F flowing into a e‘enlral worlel 
e'licyeleipiedic-organizatiem, where it will be (*onti- 
unally summarized, clardie'd, and wlmnce* it will be 
elistribnt(*d through the general information ehannels 
eif the world. 

Se) 1 e*omi)l(*to my general scheme of tho know- 
ledge organization of a modern community anel 
submit it to yon for your consideration. 

I put it before ycni in good faith as a statomenl 
nf my convle*tions. I do not know he)w it will im- 
pro.s.s yon and 1 will not anticipate yeinr criticisms. 
It may seem inipe>.ssibly bolel and ‘rteipian.’ lbi( 
we are living in a weirld in whiedi a battle*sliip eo.sts 
l'S,000,00l), in wliicli we e*aii raise an e'xfra 400 
million for aniiMinents with only a slight Stoe'k 
Fxehange ((iialm, and which has seen the Zeppelin, 
the radiei, the bombing aeroplane c.omc absolutely 
out e)f notlnng since 1900. And onr schools are 
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drooling iiIoiik very nnieli us they were drool iinj 
along 37 years ago. 

There is oidy one thing I would like to say in 
eonelusion. Please do me the jiistiee to remember 
that this is a projeet for Knowledge Organization 
only and solely. It is not an entire seheme of edu- 
cation I am putting before you. It is only a part 
and a limited i)art of education — the factual side 
ol‘ educated- I have discussed. There are KiS 
hours in a week and I am dealing with the use of 
rather less than 40 weeks — for 10 years. It is no 
good saying as though it was an objection either to 
my pai)er or to me, that 1 neglect or repudiate spiri-^ 
tual, emotional and aesthetic valuers. They are not 
disr(‘garded, but they have no place at all in this 
particidar part of the (‘ducational scheme. I have 
said nothing about miisii*, damang, drawing, iiaiiiting 


Moscow A Sea Port 

JuIp» Colte 

SjxcK the 1st of May, the Volga-iM(».scow Canal has 
been in operation. On the 23rd of i^^arch, right to 
the north of jMoscow, the barrage* was thrown across 
(he Volga river ; its waters, blockc'd by iron slabs 
which were lowered sinmltaii(*ousiy, overllowcd the 
banks inundating nearly 327 sep kins, of inhabited 
and cultivated area. 

The canal is now lilh*d with water, making 
Moscow a central port of the network of water- 
ways of Kuropean Uu.ssia. 

The Network of Waterways of Russia 

How can this immen.so land of Ku.ssia prosper 
and even live when it is |)orpetiially menaced by 
lamine, if the moans of transport remain delective ? 
I'h<! harvest may be prosperous in the I kraiiic 
while the regions of the north may be ravaged by 
1 uninc. 


exercise, and so on and so forth. \ot because [ 
would exclude them from education but because 
they do not fall into the limits of my subje ct. Vmi 
no more want these lovely and elemc'iitary things 
mixed up with a conspectus of knowledge than you 
want playfulne.ss in an ordnance ma|) or ])crpl(*xing 
whimsicality on a clock face. You have the re- 
maining 1()2 hours a week for all that. Ihit the 
spiritual, emotional, aesthetic liv(*s our children are 
likely to lead, will hardly be worth living, unless 
th(*y are sustained by such a clear, full and siillicicnt 
backbone of knowh^lge as I have v(‘ntiir(?d to imt 
befon* you here.* 


^Thc ])resideiUi:il atldrcss of the Section of Ivlucatioiial 
Scirnot* delivcrcrl at the l‘)37 Annual Mcctinjij of the 
llntisb Assncialion for the Advancement of Science held 
at Nottinj^hani durinj^ the lirst week of Septemher. 


The V(‘ry inum^nsity of the land gives to it a 
eontineiital elimatc*. Snow covers the land in 
winter, while the sun burns its plains in summer. 
No sea breeze refreshes tin* torrid sti'ppes. The 
terrain is very flat, .so irrigation is diflicnlt ; for 
this rea.son, a large part of fertile land nmiaiiis 
iimi.sed for cultivation. 

The future of the land depends on tin; facilities 
of transport, on supply of raw matr'rials and of 
tinished pnxhiets as well as on the fertilization of 
the dry land. 

The Soviet (lovermuont, solicit<)Us not only for 
improving agrieiillure and transport hut also for 
pii.shing the industrializaliou of the laud, has included 
ill the .same plan the produ(*tioii of motive power. 
The barrage thrown across the course of water shall 
furnish energy in addition to improving navigation 
and helping in the development of irrigation. 
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1"1k‘ prnMjramiiKi would jippcar to lx* V(‘ry ainhitious 
if it woro not on tin* vcrjro of bninj; n*;di/(*(l. A 
network of waterways is ^oinji; t(» et^ver tin* whole 
of J^nropoan Russia, and eoiiin*et eaeli one of its 
eliief cities to (In* seas which l)ordei‘ Russia. 'rh<*.se 
are : to the in»rth the J>alti<* S(*a and the W'hite 
Sea; in f he noddle ihe ( 'aspian Sea, to (he south 
tin; Sea of Azov and the Rlaek Sea. 

If one tak(*s into aeeoiint Siberia, tin* {oii\\ 
lenj^th of waterways which is navii^abh* attains an 
(‘iioi'inoiis length of about l.l lakhs of kins, in tin* 
soviot territorry. The chief arteries ;ire tin* Vol<;a, 
the Dwina, the I)niep(‘r, tin* Irtysh in Silieria, the 
Lena, tin* Angara and tin* Amur. 



In lilRb the total leny;tb of water-ways whicli 
was under control did not t‘X(*eed d0,0(M) kins, while 
now^ the total Icnj^th under control exceeds J. 1(1 
lakhs of kms. 

'Pin* famous barrajjje on the I)niep(*r,'‘ by <lrown- 

* The refertou'e is to the j^reat liydro-elcetric station 
hiiilt on the l)ni(*])cr rivrr, ami conipUUi’d in PMS. An 
account of tliis ;4icat i ndertakin;^ will he j^ivcii later. 


ins the rapids and increasinj; tlie .surface of water 
lia.s permitted vos.sels from the lilaek 8oa to pene- 
trate to the centre of We.st llus.sia. 

In lil.TJ, the canal joiniiif^ the Baltic to the 
White S(‘a had achieved no otlier result but of 
connect inj^ the two seas. Now it has connected 
them to the .system of Mariiisky canals which arc 
now ijfoinjj to be connected to the Volj^a and 
t.hrou}>:h it to the Ca.spian Sea. 

The Vtilj^a a])proaehes within 100 kms. tlie Don 
river and the canal which is^oino[to unite the two has 
be(‘n for a lonjij time in the eoiirse of constriietion. 

This canal wall op(*n a door for (.\*ntral Russia 
towards the Bhudv S(*a and the Mediterranean 
Sea, to tlie, basin of the Cas|)ian and the system of 
Mariii'-iky ; Th(*se eanals alony; with the A^dj^a 
and its atllnents will serve three ipiarters <d' 
lMiroiM*an Russia. The Volj^a forms the trunk of 
tin* in*twork of wat(*r-ways and braneh(*s on all 
siiles. 

Tin* tourists who have trav(*lh*d down the usual 
W’al<*rway from (lorki (old Nijni Nov}i;ord) to Ijenin- 
j^rad on comfortable vessels n(*arly 100 met(*rs in 
length liavc^ ailmir(‘d this imm(*ns(* waterway whi(*h 
is from I to 1 km. in width. But tln‘y have been an- 
noyed by tin* Zij;/:ij!: courses which these* v(*.s.sols 
have* to (*xe(*ut(*. Pnd)ably tln*y do not know 
that in spite of the small draujjjht of those v(‘ssels 
>Yhieli .scaieely reaeh •> meters, these have* to j^lielo 
wid(*Iy Avithin its banks whieh are s(*areely one 
me*ter hij^b from the surface*. 

If erne* a.sce*nels thci Ve)lj?a towards Ixalinin (for- 
merly Tver) the river cemrse, theui^h veu’y straight, 
be'cemms inacc(*ssible* for th(*se* ve*sse*ls. 

Tlu*y liave in e*e)nle*mplation the e.emstrueHion e)l 
threes dykes wliicli wdll raise tlie surface ed' 
the Vedfja and renele*r it navifjabh* for vcs.se*l.s, draw- 
injc 1 to () mc*ters e)f water. 

The ce-ntral hydrei-elce'tric .station e.on.strncte*d 
upon the* barrage slndl fiirnisli annually 10 milliareb 
eef units e>f electricity and the waten* diverted from 
the rive*!' shall irrij^ate about 4. 3 luilliem hectares 
e)f laud (one hcctar--2.o acres). 
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Reasons for Constructing the Canal Volga — Moscow 

It is to thrs(! water-ways that the eaiiai eoiiiic*ets 
the capital. Moscow then heeoines th<‘ (*entral port 
of (ive seas washing; the Soviet lliiioii to the north, 
in the inicklle, and t(» the south. 

Moscow has never been completely isolated. 
Harges used to eomc* to Moscow from L(Miin;r|-:i(t 
by making a. long dc'tonr round (.btrki. Ibit the 
canal has shortened this way by 1100 kins. It 
allows passage to vessels of IS thousand tons and 
drawing 1 to f) meters of wat(!r. 

Its large width of So met<‘rs allows a velocity . 
of -0 kins. p(M* hour to b(* realized ; wliilc^ the Kiel 
canal doi?s not allow more tlian (i kins. 

Kach way a trallic of lo million tons may b(‘ 
e.\pect(‘d. 

From tlie north will come wood and bnilding 
materials; the vohiim* of tralVn* will in<'r<'as(‘ with tin* 
harvest in tin; Kkraine ; oil from tin* Donetz basin, 
lish and salt from the Caspian yea. 

The tourist trallic lias commenced from the 1st 
of May, the day (»f inauguration. One could se<! 
from th(^ marine port of Moscow vess<‘ls de.stiiicd 
for passenger s(‘rvice down tin* canal, J‘J ves.s(‘ls 
each ac<‘ommodating 100 to .‘k)0 ]>:isseng<‘rs. 

Further, this work presimts for Mosc«)w a very 
particular .significance. The capital is v(‘ry ill- 
provided with water. It has got a few artesian wells, 
'rin* canalization brings to them water fnmi the 
source, but it is the ^loscowa river which has 
furnished the j)rinci|)al. The water is pn*viously 
treated within a vast basin for piirilication. 

Xow the Moscowa did never suirice for tin? w.it(*r 
supply of the capital. In WY.Vl the gravity of tin* 
l>roblein was realized. They made gre.at elVorts 
with 250 kins, of conduit pipes for passing water, 
which were to give JOO to I (tS litres of water per 
’lay per head. 

But only iiO out of every 100 houses were pro- 
perly watered. Outside the centre of this city one 
'•oiild see the housewives with their buckets making 
‘ Inng (pienc round the fountains. When it was 


hot, the pressure within the conduit |)ipc fell v(*ry 
low. On (In* ni)p(*r st»)rcy the oc<‘up:in(s vainly 
<»pcin‘d their taps but there was nothing but a vague 
sound in the water pijH*. 

1 he (’anal calls the \ niga to tin* rescue and 
diverts a go«>d part of it> waters to (Ik* Mnx-owa. 
At present it is possibh^ to (li>tril)u(e .500 litres 
ol Water p(*r head p(*r djiy. .V largr* amount of 
(‘iiergy h:is to In* provid(‘(l for l\(*eping up the 
wal(‘r supply ; from tin* point of vi(‘W of energetics, 
tin* canal will do a vr*ry g«)od .-^ci vice. 'The central 
electric station burns p(‘at and consumes coal from 

M’ith (he incr(*ase of population, from 2 millions 
in 1 020 to I millions at j>r(*sent, along with in- 
crcas(‘ oi lactiu'ies, the consumption of energy In*- 
coincs v«‘ry important, but the sup|)ly b(*comes vt*ry 
irregular. 

It will be nec<*ssa> y to constriK'l other c(*nlral 
sbitions so that, the total available power shall conn* 
not only to the lev«*l of mean consninpt ion, but to 
that of maximum consumption. 

The »*;mal will obviate* this inconve'nience j)y 
serving as an accumnlator <0* energy. Tin* hyilro- 
eh‘<*tric c(‘ntral station of this barrage will lill up 
the lakes, whihr Moscow will not have* to sacrifice* 
either its motive? i>(»we*r or light. 

The Canal 

It ejpe'iis fremi north to seeuth, and ce)nne*e*ts the* 
M ose*owa anel the Ve)lga rive*rs, at tin* |»oint whe*re> 
tlie*ir distance* is se*nsibly t he* shoiicst. It, passe's reuind 
the* city of Dmitrov anel the* e*xe*aval iems have* shown 
that this e-ity posse'sse'el fe»rme*rly Ji wharf. It was 
then je)iru*el te) the Vedga by a evuirse* e)f wate*r which 
has be*e*n re*ce)ns(itut(*d. 

The canal has lrave*rse‘d the line* e>f wate*r-she*d 
between (he basins e»f high Ve)lga. anel that e)f the 
Me)sce)wa and the ( )k:i riv(‘rs. A hill wheese he*ight. 
is 40 te) t)0 ine'teTs se*pai'at(* the* two basins. 

The e*anal has te» be raise*el in its middle* part by 
1 02 me*te‘rs above the* leve*l e)f t he se*a, that is te> say, 
55 me*te*rs abeeve* the* leve*! e)f the. Veilga which has 
a height of ne*arly 1 07 meters near the city of 
Kimry. 
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MOSCOW— A SEA PORT 

It is from tins phioo that the eaiial st:n*ts. A 
ilyke made of earth and stones wetljros the Volga 
against the barrage* of conerote 210 iiietors in lengtii 
and 22 meters in height. 



Wn liave* already indieated that as a result of 
the elosing of barrage, ,‘{27 sej. kins, of land have been 
inundated and nearly one billion eubie, meters of 
WiiUir have been (‘ntrappi'd, Tliis submerged region 
has re<*eived tiie naim* of the Sea of Moscow. Here 
were an old city of Korteheva, some villages and 
estates. 

Those houses have been eonstrueted at some 
distance and n(‘w land has b(*(*n given to the pea- 
sants. 

Round about the barrage the central, hydro- 
. eleetric station develops a power of 29,000 K.W.H. 

canal, having a d(*pth of .Oj nu*tcrs and 
widtft-iif Ho iiH'ters, can receive vessels having a 
draught (^*lTor^HJters of water. 


Its length is nearly 12ft kins. But at several 
.stretehes it euts across o lakes occupying a total 
of 19 kins, upon the whole course of 128 kins. 

Thanks to .si.x locks, it reaches towards tin* 
middle at Ikeha a level of 1(1*^ mi'ters: that is, it is 
nearly on nujters higher than the* Volga in the rear 
and .'Ift meters higher than stretch of canal below. 

Beginning from the village of Ikeha. it has about 
the same level as far as Klebnikovo. 

From this place .‘J locks allow d(*se(*nt of .‘{0 
meter«. The 10th lock brings it to llie lev(‘I of 
^Moscow which is six meters lower. 

But this h*vel itself has be(*n rais(*d with re- 
ference to the old level of the Moscowa viv<‘r 
because the 1 1th lock has thrown a barragi* across 
the river, forming a vast lake to the south-east of 
Moscow. 

Hill, rivers, routes, railways— these wore the 
obstacles. 

Two hundred detailed pieces of work were 
requirt*d to overcome them. Kaeh one of th(*so is a 
work of :irt within the double sense of the word ; 
because the construction has to respond to an 
obje(‘t which was technically determined, and also 
amongst themselves, each presented a particular 
character and an original stamp. 

Amongst the more important, the following may 
be counted : — 

11 lo(*ks alreiely enuinerat(*d. 

11 barrages isolating the lakes, 
ft central hydro-eh*etric st.ations. 

1!) railway bridges. 

2 tunnelvS. 
o pumping Stations. 

The pumping stations an* rc(|uired for tilling the 
different sections of the canal up to the top. TIk* 
first sc<*tion after the barrage on the Volga can 
alone bo fed directly. Further, as wo have alr(*a(ly 
noticed, the pumiis divert to tho Moscowa river a 
part of the Volga watei*s for tho needs of Moscow. 
The pumps are o.xtrcmoly powerful, each om* being 
able to deliver 20 cubic motors of water per second. 

One of tho vast lakes will impound 114 million 
cubic meters of water which is sufficient for feedin;.' 

2rj 
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Moscow for one month in cjiso the pninping stops. 
A particular canal, 31. kins, in length, shall join the 
lake to the suburbs oF the capital, where ilu; watiu* 
will be swallowed wdthin subterranean conduits. 

As it has already been noted, the ])ump.s shall 
function only at those moments when tin* network 
of municipal electric lines have got only feeble 
load ; outside these hours, all the hydro-ele(‘trie 
stations shall work for the network of canals. 

One port has been constructed opposite Dmitrov 
while ^^os(!ow possesses two ports. 

Near Khimki, there is the north port with a 
central electrical station in two steps riveted by 
granite, marble and diorite. At its extremities arc 
large s(‘etions receiving a jet of water. 

The northern section contains polar bears, the 
south the dolphin of the Black Sea. 

To the south of ^^os(;ow, a lake forms the 
water station. Naturally tlu* stations are provided 
with modern matcu’ials, engines and ])owcrful and 
diverse implements. 

Construction 

fn Seiitember 1.1133, tlie first workers arrived. 
1'lu‘ totid work has lasted for 3i years, 1 52 millitms 
cubic, meters of earth hav<^ been removed and 2. Ho 
lakhs of cubic meters of concrete have been ])re- 
pared on the spot by 15 factories and by hundreds 
of cement works. 

3'h(» transport was assured by Itil locomotives, 
225 tractors and 3050 wagons. Within the work- 
shops there were 5, 000 motors and 50, 000 workers. 

The total cost was n(*arly 2 luillianl roubles 
(about 300 crores of rupees). The w'ork has la*cu 
pr<‘pared with great care. 

For the first study aloiu* the aeroi)lam*s t(K>k 
5000 photographs of di^ler(M^t sections of the area. 

At Dmitrov was installed an cxperiuH-ntal sta- 
tion. Thousands of experiments were performed 
up<in 80 models of pumps before a<'tually adopting 
'■o»y t)articular apparatus. These ])nmps have b«*en 
all constructed in the country. 
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All the materials utilized have be(‘n manufac- 
tiircd ill the r.S.S.H. which has pledged itself not to 
utilize anything but the resources of the country and 
also to the task of making the canal the most beauti- 
ful in the world. 

The artistic sid(» has not bi'cn m*glcctcd. Tow- 
ers shoot up here and there. I'he <‘aual ils(‘lf has 
been ornamented by bas reliefs, c. f/., there is (me 
representing the struggle for tlui Hag. 

This bas relief illustrat(‘s tin* etVorts of dillenmt 
bands of workers, competing amongst themsclv(*s for 
siHMiring maximum pr(.»du(‘tiou. 

3'he victorious band g(*ts the red Hag, just as the 
XnniHtNflie struggles to have the blue* ribbon of the 
Atlantic. 

'Pile workers tlumiselves have c(‘lcl)rated the 
least (»f the canal by a volume of verse. They have 
edited a journal (‘alleil 77/e Assault nn the Onntt. 

The worker’s w«‘re followed by savants who 
survey(‘d the ext*avations ; but in this country, 
where wood has hith(‘rto fornmd the chi(‘f building 
material, the archa(*ological discoveries have not 
b(‘en very important.* 

♦ ♦ + ♦ ♦ 

In resuming the subject, we can say that the 
completion of the canal has furnished Mos(‘ow with 
water of which it has need, regularized its power 
supply, and has rend(U*ed the (‘apital the centre of 
the network of watcu’ways of the Soviet Ib*public. 

The network of waterways, taken as a whoh', 
will permit the fertilization of the soil, and put 
the important localities in the Soviet Republic in 
communication with the ports for other countries. 
In times of ])eace, it will facilitate and promote 
coinim'reial intercourse. The creation in Russia of 
a gigantic n(*lwork of navigable waterways, ai'cessi- 
ble in its Iarg(*st .arb'ries to vessels of large tonnage, 
constitutes an economic fact of givat importane(^ 
not only for Soviet Russia, but also for the whole of 
Kurope. One cannot estimate* now their full conse- 
(pienccs ; but they can be sens<‘d all right. in 
time, of war, large* vessels can bo transported by 
means of these* waterways from the Black Sea to 
the Baltic S{'a, thanks to the n(*w Volg.a-Moseow 
canal. 

* Translated from La Nature, August IO37 
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Criticism of the Old Type of Examination nlso sIjhkIs in tin' w.iy of ;K’<;f‘i)tliifj: the 


(/V VaritthiHiu of Jfohfmrfft. In V)\'X l*o»- 
fpssor St;vn*l»^ m well-known work(‘r in tlio Held of 
iMlneationnl |»syeh()l(»Ky Inid ;in answer book of a 
liitrh seluxd student in jjjeoinetry examined by 1 1 ’> 
teaelnTs ttf inatli(‘maties at dilferent liij^li selntols. 
'File marks ranj'i'd b(*tween 2S and !t2. A similar 
situation was fonml in several other lit'kls of study. 
It was felt that a more objectively valid procedure 
was n(*ed<‘d, 

(//) ("oniplexiiy of *hu1(jijHint. The (piestions 
in the usual type of exaJiiination are such that they 
have to be answered in the essay torm. Xo simph* 
judjjment of value is, therefore, possible. The 
attention of the examiner oscillates between the 
inatorials j)res('nted, the styh* of writinjj and tlu^ 
])lau.sibility of presentation. Any one of these 
features may determine the award, 

(Hi) hjophnsis on LniKjnnfic. ft follows, then, 
that the essay-ty|>e of examination favours those 
possessing: better lini^uistie e(|uipment. The lin- 
guistie. ability, however, is (mly t)ne out of the many 
capacities that success in life or in the university 
demands. lienee, a test which puts a premium on 
the lany:najj:e is not necessarily a fair test. 

(ir) rmkivr mined DiffirnHij of the Test. 'Fh(» 
old type of examination must keep its (piestiori 
l>aper ; <*cret. Not only the specific items in the 
paper, but also its y;eneral form, remains unknown. 
How far a j)articular (piestion pai)er is suitable for a 
jj:roup of students is not objectively determined. 
Tliere is no standard of the difficulty of the paper 
apart from the subjective feelinj^ «»f the examiner. 

1. Hallanl, The New Examiner, j). 182 (Iloddcr and 
Stouj;Jilon, P)20. 


examinations as objective measures of ability 

(e) 117//// />/■ Internal ('orretation hehrccn the 

sereral items of a paper in the essay type of Exami- 
nation. The essay-type of examination paper 
jrives a snmmative view of a number of specific 
achievements. Success in orie item bears no r(‘l:ili(»n 
to success in anoth(*r. '^Fhis can ])e expr(‘ssed in 
tin* stat(*ment that tin* self-eorrctalion of the essay 
type of examinatiofi is v(*ry low. As a matter of 
fact, acc<»rdinji: to (Jates^, the value of the II ( cor- 
relation) in the i)apers considered by him is only 
'.‘hi. This imi»lies that a paptT of this nature (h)es 
ind brinjr int«» play a unitary s(*t of nu'iilal functions. 

Substitutes for the Traditional Types of 
Examination 

(/) fnferrieir. Interview has been a common 
nn*thod of selection of emj)loyr‘es in all industrial 
concerns. The choice has often been justified by 
later achievements. It w'as, ther(*fore, thoiijjht that 
this method could, to a lar^e extent, substitute or 
siipplcnn*nt the usual type of examination. .V re- 
^jjular technhiue of interview gradually developed 
.and the psycholojrist in early twenties bejran, for a 
time, to assay tlu* validity of this method. 

(/V) Mental Tests. Pari passu, there developed 
another techni<|ue, namely, tin; cvalu.ation of 
students educational i) 0 ssibilities in terms of incn- 
bil tests. The .Vrmy Alpha tests in .Vmerica had 
yielded striking results, ft had beam found that 
p(*r.sons who had Iiigher scores in these tests prnv- 
(»d bettor soldiers in most of the instances. It 
was also found that the arrang(*ment according to 

2, crates, Journal of Educational Psychology, May 
1021, p. 276-287. 
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rank in suhscMiuout profossioiml oxiiniinalions in 
the army liad a marked eorrespondiMUH* with the 
‘rankin^ on tiie basis of the Army Alplia se<n*es. 
The mental t(\sts wore tims rejjardiul as siipplyinjr 
a better objectives basis than tbe usual essay type 
of examination. This view soon jjjained ground. 
A larges number of tests were formulated and 
standardized. Kaeli tried to improve upon the 
technicpie of its pnaleeessors. Fur a (inn*. tln*r(‘ 
was a jjjreat e<mlid(‘nee in the* validity of these tests 
and on the method of selection based on them. 

One difheulty, however, was soon poiut<‘d out. 
Ik’fore a student is ])ermitted to proceed from 
one type of institution into a hijrher ^rade, he 
must show a minimum knowledjje of particular sub- 
jects such as laiijriia;r(>s, history and arilhnu'tic. 
M(‘ntal tests indicab* the Halt re iulrliufcnir ; they 
do not nieasun* the dej^ree of special lvnowl<‘d*i:e. 

A second dilliculty was also ])erpetually befon* 
the ])sycholo^ists. Tln^ dilVerent sets of tests, though 
they <‘laim(*d to measure the same capacity, namc'ly 
‘jjeueral intelligence, did not always sIkjw a very 
hijrh dey:ree of correlation [(was fcniud, for in- 
stance, that (he diHereiKM* in f. (i. as measured by 
the ll(u-inj^-]bnet t(‘st and tin* Stanford Uf'vi^-ion 
t(*st amounted to 17*2. Il(*iic(’, there was a feel in j; 
that there should be a better contrivance for selec- 
tion of educational purposes. 

(///) PsyrltnhHjinil K.ntmindUitn ; This leeliie^ 
of uncertainty in regard to the validily of t<'sts 
led to the formulati<m of what is known to-day 
as “Psycliolof^ical Examination’'. "I’Ik* puipose of 
this examination is to present the malerials of a 
parti<*ular subject in the form of mental test. 

Us I)tffrrc}it ForiH.s ; 'riiere arc* several well- 
known forms of |)sycholo^ical exaniinanion. The 
usual forms ap|)li(?d in .America are (1) (he* 
riiorndike psyeholo<i;i(.'al examination, (2) the 
Anioriean Council psyeholojjjieal examination, and the 
hi) Thurstoiie psyidiolojjical examination. In (Jreat 

3. Caroll, 1 1. A. ainl Holliaj> Worth, T.. S.. The systc- 
^aatic error in Hering-Riiiet iti testinj; chihlren. 

f^^urnal of Educational Psychologij, 1930, No. 21, p. 1-11. 


Hritaiu Ballard’s tisycholojtrical examination is in 
frecineiit use*. 

Us (General ('hnnirter \ 'V\\o diilVnait forms of 
psycholo^jical (‘xamination difler in the details of 
mat<*ria!s, in the* numbe*r of items and the* me*thod 
of st*orinji;. The* ;*;cneral nature of the* ite*ms, how- 
e*ve*r, is about the same in the din'cre'iit varieties of 
the* examination. 

The items of a Psyrloitoyiral l\i'anfiu(iti<m ; 'Flic 
mate*rials of a psychological e‘\amination are usually 
pre*se‘nted unde*!* the followinu: he‘ads : (/) comple*- 
tion test, (//) multiple* choice tests, (///) True-false 
te*^ts, (//•) Be-construction tests, and (r) aualojiy te*sts. 
Hallards hlsteuw te*st pre‘sents the;-:e items in the 
follow! n«^ way : 

Unthtnt's, lUstonj ’Test : n Sample of Usyrholoyi- 
rffi Framiaatiitn : 1. When did the followini*; events 
take* place ? (/), (/V). (///), (//•), etc*. The elate*s will 

be* found anionjr those }xive*n below. Write the 
No. of the* event ajiainst (he* date*. 

2. (Iioose* from amon^the names in the brackets 
the* one* that will make the* statement true : 

c.f/.. The* Frima .Ministe*r of I'ai^iland just after 
(he* se*e*e*ssion of and eliirine: the* time* of the* Fre*nch 
Bevohitiem was - (W illiam Hitt, Hobe‘rt Walpole, 
Bobe vt IVal, W. F. (lladstone*). 

‘k Comph'tiou test : 

r.f/., ICntrland first became prolestaut in the* re*ijrn of 

J. INaciiijr name*s and events in orde*r of priority 

f). Some* ed’ llie* following sentence's are true*, 
some are* false. rnde*rline* (he true* se*nte*ne*e*s. 

(). I nderline sentence*s which you be*lieve to be 
(*ntirely (rue : 

c.e/., 'Fhe* suppre*ssion of the monasterie*s by 
Henry VIII prov(*d of b(*ne*rit to tlie ])ej^or. 

Such tests have* be‘e*n formulat(*d for all subject-s. 
'File* total numbe*r of test ite*nis is iismdly one* hun- 
dred. 'Fhe* time alh>tte‘d is usually an hour or less. 
There is thus a couside*rable ee‘e>nomy ed time. 

Speria! Ail raabigcs rial ated for sitrlt K.ramiaa- 
tinns : The ne*w type? of examination has been 
iishere*d into existence* on ae*e*ount of the defe*cts 
of the essay type of (*xamiiuitions. It is reasonable to 
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suppose, tiu'ii, tliat tlio usual defects of the tradi- 
tional system of examination would not be found 
ill the new type. 

(/) It is pointed out that psyeiiological exami- 
nation can be standardized, fts difficulty can be 
suited to tin* attainments of the student. Hence, 
tin* rhanre furtor is to a jjreat extent eliminated. 

(/V) 'riiis type of c.nnninafioN brinj^s out at 
once the facts of tHifire iitfelliqntre and amount 
of information. At the same time it exelud(*s other 
adventitious factors. 

(///) The scIf-rorrahitioH of psychological exami- 
nation items is hij^h. Gates, to whose view re- 
ferenc(* has already been mad(s finds it to be* ’fjl. 

(/r) This type of (examination throws main res- 
ponsibility of tin* (‘xaminatiou on the maker of the 
test. The |)ap(*r examimu' has only a m(‘chani(‘al task 
to p(M‘form. I liatce, a parti(‘ular candidate has /css 
rhftnrc of srdlerinji: from !in errar af jndtjufcut, 

(r) It is found that rep<*titiou of the same kind 
of test ill th<‘ new tyfie of examination brinj^s out 
a bett(‘r correlation between a test item and intel- 
lijyenci* quotient. It is thus (daiim.^] that each repe- 
tition briiijt-s out as it were a fresh display of the 
intelliftencc* factor. This does not hold true of the 
(*ssay type of examination. The following; tables* 
will illustrate the point : 


arc held, an intelliKcnec test is of more significance 
than ail attainment test. It is more significant be- 
caii.se it affords a clearer and more conclusive index 
of that the testee is likely to achieve in years to come. 
It is a promise of the future and not merely an 
epitome of the ])ast’\ 

Tests and New Types of Examination and Their 
Application 

Jt was not in the spirit of reform alone that 
educationists proceed to employ these new methods. 
These appeared to promise an easy solution of cer- 
tain prcissing problems. One instai'ce is the ques- 
tion of selection of candidates for scholar.ships. ^Vii 
error of judgment may spoil a eariicr. Hence the 
authorities desin' to be as free from error as possi- 
ble. Another instance is to be found in the admission 
of students to institutions when the mimbcu’ of 
(candidates far (‘xc(*(*ds the limits of the (ilass. It 
would be useful to surv(*y these ease's in lirief. 

{(/) Unu/funl. Ih'adford lOdm'atioii Authority 
adopted a set of group t(*sts (written) for the ])ur- 
pose of award of scholarships in l!tlJK 

(/y) Xoi'//uintlferlitH(l, Professor Godfrey Thom- 
son, a l(‘adliig authority in this field, devised a set 
of groiqi tests for discovcTing '‘p*’*>*^dsing young 
men who would bo likely to profit by a course of 
training in High 8chools^\ The .N(»rthumberlaml 
lulucation Authority had found that about om; 
third of the schools, mostly lying in the rural area'', 
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Tkillard'"’ holds out high hopes for the new type of 
examinations and intelligence tests. “For most of 
the [lurposcs/^ he says, “for which public (ixamiuation.s 

4. Ilfillanl, Op, cit, p. M. 

5. Ballard, Op. cU, p. 20. 


.sent no student for the ordinary .scholarship exa- 
mination. The te.sts were given in order to dis- 
cover talented pupils of these backward school.'"- 
Due to bad teaching or due to unfavourable home 
conditions pupils from the.se institutions could n^l 
compete in essay writing and arithmetic. The test.- 
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W(To intended to diseover native talent rather than 
sehola.sti(! achievement. The latter was admittedly 
not lip to the mark, ft was found that of twenty 
]>iipils selected on the j>:ronnd of intcllijjence, nine 
took first place in their respective classes in second- 
ary schools and eleven took second or third iilaces.*^ 

(r) ChvMcnhmn (irniniimr School ntnl lllnchpooL 
Dr Ikin, the Kdiication Ofiieer at niaekp«)oh has 
attempted to make selections for junior comity 
scholarships with the help of mental tests. Me 
seems to be satisfied with the workinj^ of his scheme. 
At (Cheltenham (Grammar Scliool tests were applied 
to candidate.s both for scholarship examination and 
for entrnnee cxnnfinniion. 1’h(*re seems to b(‘ a 
hi^^h percentaj^e of correlation between tln*se ri'siilts 
and thos(? obtained by ind(‘pend(ait examination or 
by interview. 

(tl) London Ihty Tmininy Odlcyr, Test 
Schfiinc. 'Pile London l)ay 'Prainiii}; (.-ollej»e is 
said to admit .«tiid(‘nts on tlie basis of l(*sts I have 
very little information in regard to the, nature of 
these tests or their snceess. 

(r) The Odfnnhift Scheme. TsijcholiKiirnl Krn- 
ininalion. The Doliimbia rniversity has for some 
time appliiid the Thorndilat psycholoyictf/ c.tnntinn- 
tinn to intendinj^ candidates for adinissiun. The 
selection on the basis of tin's test is said to have 
lii’catly imiiroved the qiiality ot freshmen.' 

e. Rt«x Knight, hilelli (fence and Intelligence teHing 
(Melhueu i‘)33) p. SQ. 

7. Rex Knight, Op. ci^. I. 


(f) Chicago Scheme. Psgclndoificid lvntminnti()n. 
The University of ('hiiai^o oilers a P.stfr/ndogical 
examination consisting of (he folhiwiiif*: items : 

(/) Information on the course studied. 

(//) (rencTal information about the field. 

(///) Advanced knowledjje beyond that ^ivei* in 
th(^ course. 

{//') Items that test rcasoninjr jiowcr within the 
field. 

{/') Ty[ncal intellitjence tost items within the 
fic‘ld. 

(/•/) Trick (iiicstions. The j^encral report seems 
to indicate satisfactory workiiiff of (he 
scheme''. 

(ff) Ihtmhnnfy (iermang : A mi. red plan. Wilhem 
Stern, the noted (iierinan psycholo«rist, developed a 
test proi^raiimK; for sclcctin}f pupils for special traiii- 
inj^. ^Phis scheme, however, dillers from the, others 
mentioned above. Tln^ selection is made on the 
basis of four sr*ts of data, certain mental tests 
(unalily tests rather than speed tevsts), standardized 
tea(‘hers’ observation, ])arcnlal ]iidj>;ments ami 
children’s inclination. 1"he, scheme, is said to be 
workinji with t^n^at success. It should Ix^ noted 
here that both the pnrposi* and (he method t)f 
this 1 ‘xamination are very ditlereiit from others 
discussed in this cont(‘xt. d’he purpose for which 
selection is made is for special trainin}{ in certain 
lines bearing of vocations''. 

(Vb he coftcladrd) 


8. Slalnalccr ami Richardson, Scholarship Ivxaiiiinations 
Journal of Higher Kdneation 1‘i.M, No. S, p. 305-313. 

n. Mt-ycr, A.I). Germany and the /. iL School and 
Society y I92(), No. 2), p. ^ 10- 11 5. 
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Pnsldcnt of the British Asyocletion MoetinK for 1937, 


SiH William 'I'iiomson, in liis Address at Kdinhiirgli in 
1S7I, said that ‘ the real origin of the British Assoeia- 
fiori ’ was given in the words of a letter written hy 
David Brewster to John Phillips on Pehniary 2.*t, 
a few months before the first meeting: ‘The 
principal object of the Society would be to make the 
cultivators of seienee ae(|uainted with each other, to 
stimulate one another to new exertions, and to bring 
the objects of seienee more before the public eye, 
and to lake measures for advancing its .‘nterests and 
accelerating its jirogress.’ 'riiat the time was fully 
ripe for the birth of the Association is made very 
(dear by the words written by John Keble to a friend, 
referring to the D.C.f.. degrees eonfcTred, at the 
Oxford HHTling in I8;i2, on David Brewster, Robert 
Brown, John Dalton and Afiihael Faraday: ‘ 'I’he 
Oxford Doctors have truckled sadly to the spirit of 
the limes in receiving the hodge-podge of philosophers 
as they did ’ — an opinion on wliieh Lord Salisbury 
commented at the Oxford meeting in 1891: ‘It is 
amusing at this distance of time, to note the names of 
the hodge-podge of philosophers whose academical 
distinctions so sorely vexed ^fr. Keble’s genth* spirit.’ 
It is not only amusing but pathetic that such words 
shoidd have been used by a revered memlH r of a 
rniversity which had done splendid service for science, 
as has been so w’ell shown in Dr. 11. T. (iunlher’s 
volumes*.^ 

Faced by the seriaus duty of j)rcparing ibis 
address, 1 f(*lt that the best hope of interesting you 
would be to choose a subject which has received 
special attention at our meetings. I have selected \\\v. 
|)rogress of thought on Organic Fvolution as it may be 
followed in addresses, papers, and diseiissions, mainly 
restricting myself to the scries of meetings wdiieh 
began with the Jubilee at York in 1881, the lirst of 
many that I have had the pleasure of attending. 

* Early Science in Oxford, vols. i-xi. 


‘rile British Association provides a very favour 
able field for the discussion of many-sided subjeds 
such as Fvolution -subjects which attract memlurs 
from very diiVereiit as well as from closely relatid 
Sections. Hence a wide range of varit'd (‘xperienee is 
open to one who can look back over more than half ;i 
c(‘nlury; and 1 do not propose to exclude souu‘ of tin- 
humorous sayings .and iiieideiits which, from time Id 
time, have enlivened our meetings and contributed fo 
their success. Some o! them certainly deserve to U 
rescued from oblivion, although to perform this pious 
duly 1 must risk the iiimity of the (JochUss of Folly, 
who as Frasmus tells us. prmdaimed: ‘ I halt* a m;in 
who remembers what he hears.” 

'I’he Fiftieth iVnniversary at York was a memoraMi 
mt‘t‘ting, w'ith Sir John Lubbock (I^ork Avcbur^ ,) ms 
P resident, and tin* (’hair of every Si'ction e\<e|)f 
Feonom’es, under (irant Dull’, taken by a PasI 
President of the Association. 

I then enjoyed to the full one of the chief bem l ls 
conferred by our Association upon its younger mt iii 
bers the opportuiiP.y of meeting older nun, up to (Ld 
time only known to them by the fame of lluir dis 
coveries. Prof. (). (’. Marsh had eome over fn)iM 
Yale, his main object being to buy for his lJni\< r .il} 
Museum the second and more p(‘rf(‘et fossil of llx 
wonderful ancestral bird Archaopteryx, with tc'clli md 
a long, lizard-like tail — clear evidence of Rcplili'in 
origin. 'I’he earlier example had b(‘cn bought for I In 
British Museum at a price which was said to Inoc 
provided the dowry for a professor's daughter, Mrid 
Marsh soon realised, as he told me, that the scctuid 
was for sale on any terms. ‘ We lei the other u*' 
and I beli('ve th(*v Would kill me if this w'ere sold "J*'’ 
the reply given to him by the authority in Mimi'fi. 
He w'as, however, able to study the fossil, and lii*’ 
description and drawings of the teeth, in the Ge(d<\ni- 
eal Section, followed the only attack on KvoIcJ.oii 
its(*If, as distinct from its causes, which I have < ' t'** 
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wilDCSSed at a.iiy of our mcftings. It was tiu* 
(•\liii)ition by H. (/. Srelcy of his iT<’onsli ui'tion of 
An'ha'oplt'ryx from this fossil, whioh aroust-cl tin* 
lury of Iht; j)al:i‘ontoIo:;ist, old Dr. 'riioinas \Vri#»:ht 
nf t!!iclU*filiam: ‘ Arfha?oplt ryx hasn’t got a luail, 
how fan it possibly liavt- leoth.^’ hr growled, know 
iiig nothing of the latest find or of the fuel that a 
(lelaehed head and seattered teeth had been deleeled 
<01 the slab in vvhieh the older spei'iiiien was einlusl 
(led. fn spile of Prof. Newton’s positive slnt<‘ineiil 
and the form of the teeth, drawn by Prof. Marsh at 
the request of the Chairman, Dr. Wright, quite 
imeonviiieed, eontiniusl muttering ‘ Arelueopleryx is 
a very good bird,’ its virtue in his o])inion entirely 
uiieoiitamhiated by any taint of Reptilian alKnity. 

Prof. Marsh also read a ))aper in tlu* /oologieal 
Seetion on his own wonderful diseoveries of toothed 
birds from the roeks of the western IJnittsl States. 
Itiehard Owen, President of the Seetion, was in the 
Chair and, with the memory of old and embittered 
eoiilroversies in his mind, the author told me that lu* 
had felt rather anxious in bringing this eominuni- 
e.'dion forward. Hut in that friendly atinos|)here 
I lu re was no reason for alarm. Owen weleoined 
the paper warmly and in eonfirmation told us, in 
the most (‘harming innnner, of the traees of teeth 
hiiind in an embryo parrot. 

'I’he event which stands out most clearly in iny 
nuiiiories of the .Jubilee mc'eting is Huxley’s evening 
led lire on ‘ 'Phe Rise and Progress of Pahrontology ’ 
-the seienee whieli j)rovides an essential par* of the 
huuidatioii on which Geographical, Cieological and 
liiologieal evolutionary liistory has been built. The 
iusiq)erable difReulty felt by the (dder naturalists was 
to believe that the land liad been for the most j)art 
lUposited under the sea, and to aeeinmt for the jire- 
snu'o of fossils, or as they were ealJt^d, ‘ formed 
Stones.’ The true solution, Huxley explained, was 
found and published in l(i()9 hy Nicholas Steno, a 
iJanish Professor of Anatomy at Florence, who 
viii’i fully studied certain fossils, known as ' glosso- 
prdra*’ which corresponded in every particular with 
du- teeth — ‘ that in fact they were shark’s teeth.' 
1 li'- emphasis with which Huxley made this statement 
^‘ouus back to me after the lapse of nearly sixty 
From this Steno was led to eonelude that 
tin > were the teeth of shark-like, fishes living in the 


'riisean sea and later embedded, with other remains, 
in the strata which had there ac'eiimulatc'd. 

I have not noti(‘ed the faru'iful suggi'stion of ‘fossil 
fig leaves ’ in aiiv published version or aeeount of 
Huxley’s lecture that I have seen, hut he eertaiiily 
told us (»f it and it is an interesting exaiiqile of the 
attempts made hy the naturalists of the day to explain 
the fossils embedded in roeks then believed to be of 
terrestrial origin. I cannot resist the temptation of 
(pioling Plot’s" more ingenious and amusing effort 
to aeeount for the well-known layer of oyster-shells 
(Oxirm lu'llovnt'ina) found ‘ ....at some places here 
in Kntfland, particularly at Cuts-(jrove [now Knl(‘s- 
grov(‘) near Reading . . . . ; which how they 
sliould eoint* here without a Detuf/e, seems a diflieiilty 
to most men not easily avoided’. 

Plol was, howev(*r, hel]>ed ‘ to a salvo * for his 
own ohjeelion hy ninemlxTing that Reading was ‘ a 
Tmcn of very gri'ai action during the Invasions of 
the Danes, who (‘Utting a det'p trench cross between 
tin* Kennel and Thames, and inclosing theinselvt's as 
it were in an Island, held it against King Kihclred, 
and .11 f red his Hrother a eoiisid(‘ral)]e time; from 
whence in all prohahiily, the So,mns having removed 
lh(‘ir Cattle and other )>rovisions before the Danes 
arrival, its likely that they might be suj)pli(‘d from 
their Savif on Land, might he vt‘ry suitable (‘mjiloy- 
menl for it: Which (‘onjeeture, if allowed, there is 
nothing more required to make out the. possibility 
of the bed of Oi/sters coming thither without a Deliuje, 
Lul that i'ats-(jrox'e was the j)laee a))poi.nteil for the 
.Irmies rep;ist.’ 

'i’he probability of this suggestion may he inferred 
from the agt‘ of the ' Woolwich and Reading ’ beds in 
which the oysters are found — estimated by my friends 
J’rof. Watts and Prof. Hawkins at nl>out 50 to tiO 
million years. 

Dr. Plot’s explanation of fossils in g(‘neral as 
well as of flowers was of a very dilFereiit kind. 'Po 
account for their existeriee he appealed to ‘ the wis- 
dom and goodness of tlie Supreme \ature, by the 
School-men called Xaturnns, that governs and directs 
the Nat lira nalurata here below, to heautifie the 

* The. Natural History of Oxfordshire, being an 
Kssay toward the Natural History of Kngland, hy Robert 
Plot D.n. Printed at the Theater in Oxford. 1677. Dedi- 
cated To the iiio.st Sacr(*d Majesty of Charl(*s the Second, 
King of (Vreat Britain, Prance and Ireland, Defender of the 
Faith, etc. (pp. II 81 22). 
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World with Ihrst* varieties: wliieh J take to be the end 
of siK’h prodiielions as well as of most Flowers, 
sueh as Tulips, Anemones^ &e. of wliieli we know as 
little use as of formed stones.’ 

'I’lie modest and withal amusing paragraph whieh 
follows J venture t<) quote in full as an (xample to 
be followed in seii‘nliHe <'onlroversy : 

‘ And thus I have gi\en the gnuinds of my present 
opinion, whieh has not been taken uj) out of humor 
or contradiction, with intent only to aifront other 
worthy Authors modest eonjeelures, but rather 
frie.ndly to cj'citc them, or any others, to endeavor 
eolhi'tions of shcll-Jish, and ])arts of oth<*r Animals, 
that may answer sueh formed stones as are here al- 
ready or may liereafter be produced: Whieh when 
ever 1 lind done, and the reasjiiis alleged sotidly 
answered, 1 shall be ready with aeknowdedgment to 
retract my opinion, whieh I am not so in love with, 
but for the .sake of Truth J can eheerfully east oil* 
without the least reluelant'y.’ 

One ehief objeet whieh, as 1 believe, Huxley had 
before him was to bring forward a calm, clear state- 
ment t)f the evidence on whieh alone it was possible 
to achieve that * reeonstnu-tion of an extini't animal 
fnun a tooth or boru,’ whieh had made .so deiq) an 
impression on the imagination. The reeonstruetion 
was in fact a simple inferenee based on anatomical 
exj)erierie«^ sueh as that gained by jSleno when he 
tlisseeted the shark and eoneluded that the' glosso- 
petra* ’ were the teeth of .shark like fishes. Hut this 
reasoning — that a fossil tooth or bone on the surface 
of a rock, cannot by itself enable the geologist to 
})rediet that a skeleton of a certain ly))e lies hidden 
beneath — .set'.ming to diminish the glory of Cuvier’s 
s))h‘ndid work, was resented by Owen who had replied 
with the bitter taunt that a tooth can tc'll us a great 
d»*al - a donkey can kick his master but he eaiinot 
eat him. 'rhis may have b(‘en the encounter referred 
to l)y Huxley when he wrote of a friendly meeting with 
Owen at thir Zoological Section of the A.s.soeiation in 
Leeds (1S5S): ‘.so that the jx-ople who had come 
in hopes of a row were (as 1 iiiteruled they should 
be) disa])pointed.’ ‘ In the same spirit, I think, 
Huxley WHS glad to speak of the ‘ glossopetrw ' at the 

• Life and Letters, vol. i, p 177. 


Jubilee meeting, where Owen was Pre.sident of a 
Section, and (‘almly and simply, to reaffirm eonelu- 
sioiis whieh are unassailable. 

Huxley then pas.sed on to Steiio’s further study 
of fossils and his proof of their relation.ship to 
terrestrial freshwater and marine organis.ms, and to 
his application of this evidence to the past (‘oiiditioii 
of Tuscany — all diNeusse<l ‘ in a manner w'orlhy of 
a modtTii geologist ’ and later extended by Huifon to 
all parts (»f the world then known to be fossiliferous. 
'riie.se eonelusions, ' whieh almost constitute the frame 
work <»f ])ala’oiitology,’ only required one addition, 
made towards the end of the eighteenth eentury by 
William Smith, who showed that g(‘ologieal strata 
4‘onlnined eharaeteristie fo.ssils so that rocks of tla 
same age could be idi'fitified in all parts »)f the world, 
wiiih‘ the biologist could follow (he changes in the 
living ))opuiation of the globe- a record of const aul 
t'xtiiietion and (‘tmtinual gtneralion of new speeits. 
We were I him led to three general eonelusions: 
(IJ the vast length of lime during whieli 
life has existed on the earth — ‘ eertairdy for 
millions of years’; (2) the continual changes w'-ieli 
living forms have undergone during this ])eriod; (:i 
tin* successive changes in tin* best known fossil groups 
are sueh as we sholud expect if each seriiss ' li.-iii 
beirn prodiusal by the gradual modification of the 
larliest form. . . ’ ’i'his last eonelusion meant evolution 
whieh .si» completely accorded wdth recent di.seoverii 'i 
that ‘ if it had not (‘xi.sted the paheontologist would 
have had to invent it.’ 

J can never forget the words spoken to me afli r 
the lei’ture by a dear frieml of my youth, llu- 
late Viriamu Jones, Principal of University ('ollej;c, 
(’ardiff : ‘ At every sentence I felt my. self bowing 

to Huxley and saying “ you are the greatest man In iv; 
no one else could have .said that you have .said it. ” 

As Huxley’s lecture continued in a calm spirit 
an embittered controversy, .so his thoughts on tlu- 
immen.sity of past geological and biological time lead 
naturally to aiiolher controversy on the age of the 
earth conducted intermittently at our meetings hr- 
tween 181)2 and U)21. It is, I think, a good 
example of the invaluable help which the Hrilisl* 
.'Vs.soeiation brings to di.seiission when there app«-*u’s 
to be a difficulty in reconciling the eonelusi(Ui‘» 
reached by the fellows of different science. 

Kelvin’s e.stimate of a hundred million year.s as Hu’ 
pericxl during whieh the earth had been eool eniM.gli 
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to jK'rniil tlio txislnict* of lilV its surlaot' a 

])('rio(l mliu-cd hy Prof. 'I'ail to kri million- was 
a gival (lifii<‘iilty to gfoloj>ists and biologists \vlu» 
bflifvod an iinimmstly lonj^ir liim* was rrqiiin-d for 
tin.* history of tin* fossiftToiis rooks and Iho cvoiii 
lion of animals and plants. 'I'hiis, lo (pioto only onr 
iiisiaiu't*, Darwin writing to Wallaoo in 1S7I and 
rt‘ffrring to 'missing links,’ said, ‘I should roly mnoh 
on pro-Silurian limo; but tho.n oomos Sir William 
'riiomson, liko an odious sp(‘otro.’ 'I’lio geologists 
resisted more firmly, 'riius Sir Arohibald froikie, in 
his I^resideiilial Addn^ss at Kdinburgh in 
oomdudod his disoiissioii of the subjool with those 
wonls: ' 'rho goologioal rooord furiiishos a mass jif 
evitleru'o whieh no arguments drawn from other depart 
nionls of Nature ean explain away, and whieh, it stM-ms 
lo me, eannot be satisfael<irily i.nter])reled save with an 
allowance of lime much beyond the narrow limits 
whieh reeeiil jihysieal speeulation woidd etineede.* 
At the Leeds ine(‘ting in 1890 I had many opp<»rlu- 
nities of meeting Prof, .lohii Perry, and when we were 
walking togetlu*r on the Sunday afttrnoon I askctl 
him lo tell me something of the Kelvin-'rail eonelu 
sioiis and how far they must be aeeepted. lie had 
been a deinonslralor under Kelvin, and spoke of the 
inttmse interest with whieh he had followed his 
leetures at (rlasgow, and he gave me no hope of 
escape. His change of opinion, throwing a most inter 
esliiig light upon the iiiHiU'iiee of the liritish Associa- 
tion, was the result of the Presiilential atldress at 
()xfi>rd in ISO!-, when Lord Salisbury chaffed the be 
liev(‘rs in natural sehadion, telling them that he did not 
Wonder that they recpiired many hundred million years 
for so slow a process, but that 'if the niathematieians 
are right, the l)ioIogisls eannot have what they demand. 

. . The jelly fish would have been dissi])ated in steam 
long before he had a chance of dis])laying the advan- 
tageous variation whieh was to make him the aneest(»r 
(d' the human race.’ When Perry read this pro- 
nouncement, sweeping aside the firm eonvietions of 
hi(dogists and geologists, he was led to re-examine 
the evidence and soon found a Haw. 'i’he heat of 
the earth had been ealeulaled on the assumption t»f 
a eonduetivity uniform through the whole mass, but 
Perry showed that with a et)nduetivity becoming 
higher with inerea.sing depth the Kelvin-Tait estimate 
of llu* time required for cooling to the existing teiii- 
peratiire- on whi(‘h the age of the habitable earth had 


been based — must be immensely lengthened. Perry 
told me of this destruetive erilieism and very kindly 
helped me l<» make use of it in the atldrt ss to Section 
1) at Livmqiool in whieh I replied lo Lord Salisbury's 
amusing attack on the evolutionists. 

I.<n-d Lister was our President at I.iverpotd in 
ISIMI, and I eannot resist tin* ti'inptation to digress 
for a moment and recall the address in whieh onc' of 
tin- greatest beiiefaetors of mankind told us, with the 
utm4»st simplicity and m(»desty, the story of his life’s 
w<n*k and the success whieh, in spile of all opposition, 
had lnen achieved. T(» hear him was an enduring 
inspiration. 

'rin- year 189(1 was also the Jubilee tif Loial 
ktdvin's wonderful half eeiitury of aiJiiexement in 
research and leaching, and I could not help feeling 
S4ime regret that any erilieism of his work should 
appear at this ])arlieular time. Miit in the kindly 
spirit of 4>ur iVssoeialion such doubts were (juite 
uniK'eessary, I well remeinlM*r how he came one day 
lo our Se<*lional (’ommittee-n>om lo bring me sonn* 
vidumes of his works, and how as I have recorded be- 
ftn*e. in the following year as wt‘ weia* travi lling ai-ross 
Canada afli r tin* 'I'oronto Meeting and tin* ihanee of 
eedleeting inseets for a few minutes at each station 
could not be resisted. Lord Kt*lviii said to his wife, 
‘.My dear, I think we* must fe>rgive* Pe)ulte)n fe»r thinking 
tha' the* earth is so ve ry edd win n he* we»rks se) harel 
in one* day out e>f all tin* (*ndle*ss millienis ed' ye‘ars in 
whie*h In* b(*lieves !’ ■* 

The* erne* line* e»f e'viehnee* whieh left some anxie ty 
in 189(), was sugge*ste*el by He'lmholt/. wlm alleewed tin* 
sun etnly eightee.n millieni years te> have* be*en giving 
out radiant heat at the* ])re*senl rale — a ])erie)d Lord 
Ke'lvin was willing le) e xte-nd te> .700 millie)n - and this 
e*stimate*<l maximum was alse> ae*4*e*pte‘d by Sir (Jeeirge 
Darwin, win) in his address ’ at (’aj)e Te>wn in 190.7, 
spoke of tin* new i‘videiu*e* e)blaiin*d by .M. and .Mine*. 
Chirie in their preieif that radium give's e)ut heat, and 
quoting in eeudirmation the weirk of H. J. Strutt, W. K. 
Wilson, and (i. H. Darwin, finally e'eiiie'lude'd that ‘tin* 
physie'al argument is not sust*e]jtible of a greater 
dt'gre'e* eif e*erlainly than that of the gi*e>l<)gisls, and the 
scale* of ge‘e)logie*al lime remains in great measure* un- 

** Report^ British Association, Centenary Meeting, 
1931, |>. 78. 

^ Report, British Association, 1905, pp. 514—518. 
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known.’ 'riie lifflit thrown hy radium upon the* Hcdin- 
holtz cstiinute was also referred lo in the Presidential 
iVddre.ss of Hay Laiik<‘,sler at York in of J. J. 

Tiioinson, cpiolin^' the work of Striitl, July and Rullier 
ford, at W'inniptT'- in I !)()!>, and heeame a predoininatil 
subject in the Joint Discussion on the A^e of tlie 
Karth, helween Seelio-is A, (\ I) and K, at Kdinluirgh 
in Lord Hayieii>'h in oturiiiij*' this diseiissitm 

i'onelu letl ‘ that radioactive methods of estiniation 
indieal(‘ a moderate innlii|)le of lOOO million years 
as the ))ossihie a!id probable duration of the earth’s 
crust as suitabh- for the habitation of living lieings. . . ’ 

Kmii in the present year Sir Ambrose Pieiiiing, in 
his address to the \'i(‘toria Institute, is reported in 
7'//e Times of ,Jamiary to have maintained that ‘We 
were not in pcvss<‘ssion of any f{;enerHlly agreed seienti- 
lie inodes tif geological time measurement, but only 
with t'sliinates whi<‘h were based for the most part on 
personal predilection or guesses at truth.’ It is to 
Ih‘ regretted that the eonelusions of seitmtilie colleagues 
should be attributi'd to ‘ personal predilection,' and 
as for ‘guesses at truth’ — what are these but hy- 
potheses; aiul surely the discoverer whose imaginative 
effort led to the thermionic value and did so mueli to 
endow the world with the infinite possibilities of wire- 
less ' surely he has little cause to choose for tlie 
serious efforts of others the word which in this eon- 
neetion carries a sugge.stion of shallow irresponsibility. 

(icidogists and biologists do not profess to know the 
age of the earth as the abode of life, but they are 
sure that, in the words used by Si” William Turner 
at Hradford in 1900, its birth ‘ must have been in the 
far-distant j)ast, at a period so remote from the jircsent 
that the mind fails t<» grasp the duration of the 
interval.’ 

I fear that too much of our time has been occupied 
by the attempt to show that the field is clear for the 
discussion of Arganie Evolution, but until this could be 
done any such discussion a})peared to lx: well-nigh 
useless. 

It is, I think, a mistake to emphasise too strongly 
the very natural shock received by many who read 
the Oritfin or lieard of its teaching for the first time 
and without any ])reparation ; and I believe an even 
greater mistake to criticise the clergy for the time that 

® Report, British Association, 1?21, pp. 113-415. 
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elapsed liefore their acceptance of the new Leaching. 
1 shall never forget the reception of Aubrey Moore’s 
paper, ‘ Recent Advances in Natural Science in their 
Relation to the Christian Faith,’ by the Church Cong- 
re.ss at Reading in i88;3.‘ No speaker should have 
earrit'd his audience with him more thoroughly: there 
was not a single protest or indication of dissent — 
nothing but enthusiastie ap])lause. The Hishop of 
Oxford, Dr. Maekariu'ss, was in the chair when the 
paper received this unanimous weh'ome — only twenty- 
three years after the Oxford im-iding at which aiuither 
Hishop of Oxford put his rude and foolish question 
to Huxley. It is pleasant to know that their cele- 
brated encounter left no bitterness, for Huxley wrote 
in 1891 to Franc is Darwin — ‘ In justice to the Hishop, 
J am bcmiid to say that he bore no malice, but was 
always courtesy itself when we occasionally met in 
after years.’ 

I remeinbt‘r as a youth recriving a gentle parental 
warning against committing myself too entirely lo a 
belie f in evolution —a very different ex])eri<‘nee from 
that of our President at Hull in 1922, niy friemd Sir 
Charles Sherrington, who in I87.*l was persuaded by 
his mother to take the Orif/iu w'ith him on his summer 
holiday, with the inspiring words — ‘ It sets the door of 
the Universe ajar!’ 

1 have already recalled Dr. Wright’s indignation 
at Y^irk in 1881 as my only t‘xperienee of opposition 
to a belief in Organic Evolution at any of our meet- 
ings, and tiie published Proceedings confirm this im- 
pression of unanimity. 'rhus, R. H. Traquair 
addressing the biologists at Hradford in 1900, said, 
T hardly think that wt she ”ld now find a single scien- 
tific worker who eontinues to hold on to the old special 
creation idea’; and Lord Salisbury at Oxford in 
1891, referring to Drawin, said, ‘ He has as a matter 
of fac*t, disposed of the doctrine of the immutability of 
species. It lu:s been mainly associated in recent days 
with the honoured name of Agassiz, but w'ith him 
has disappeared the last defender of it who could 
claim the attention of the world.’ 'Phe mention of this 
great American naturalist recalls Tyndall’s fine ad 
dress at Helfast in 1874 and his memories of Agassiz’s 
w'ords, I w'as not pre])art“d lo .see this theory received 
as it has been by the best intellects of our time. Its 
success is greater than 1 could have thought possible.’ 

Huxley, who had seconded the vote of thanks to 
Lord Sali.sbury, wTote to Hooker a few days later: 

’ Science and the Faith, London, 1889, pp. 222—235. 
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‘ 1 1 was vtTV qiu’cr to sit there aiul hear the doetriiies 
you and I were damned for advoeating tliirtv-foiir 
years a^o at Oxford, enuneiated as matters of eourse — 
disputed hy no reasonable man ! — in the Sheldonian 
'rheatre by the Chaneelhir 

A letter written two days earlier to Hoy<i Dawkins 
records Huxley’s o})inion of another part of the 
address. ‘ Lord Salisbury gave himself away W(»nder- 
fully, but he was so good about Darwin himself that 
I shut my eyes to all the nonsense he talked about 
Natural Scleetion.’ 

Leaving now the subjeet of Organic Involution 
itself, as generally aeee])(ed, J wish lo speak on the 
diHieiilt (jiiestion of its motive causes whieli for many 
years have formed the subject of addresses, diseus- 
sions and papers at our meetings. ’I'lie great division 
into two o])])osed tlu'ories of causation b<*eanu‘ clear 
in 1SS7 when Weismann attended the ineeding at 
Manehest<*r, and a discussion on ‘ 'riie Hereditary 
'rransinissiou of iVc'cjuired ( haraeters ’ was held in 
Section D. From that lime evolulioriists atttnding 
our meetings have been either ‘ Lamarekians,’ follow 
ing Inrasinus Darwin, Lamarck, Iluifon and Herbert 
Spencer, or ‘Darwinians’ who followed Darwin and 
Wallatr. Darwin himself, however, included the 
i,amarekian eonee])tiou of ‘ use-inherilaiiee ’ as motive 
cause, although believing it to be far less important 
than Natural Selection. 'I’he term ‘ Neo Darwinian ’ 
has therefore been applied lo those who. ae<*epting 
Wei.smann’s leaehnig, rejeel ‘ use-inlieritanee ’ 
altogether. 

It must always be renie.mben*d that, apart from 
any theory of cause, the world owes its belief in 
organic evolution lo all the great men whose researches 
and teaching have founded the two schools, and per 
haps chiefly, at any rale among the Fnglish sjieakiiig 
nations, U) Herbert Spencer. I was first led lo realise 
the extent of his tran.satlantic ))opularity when I 
learned from an American story greatly enjoyed in 

" Life and L'itters, t‘)00, vol. ii. p. .S7d. 

■ I'roin a teller of August 10, printed in the »//;■•»//« 

College {Oxford) Magazine, for heni Teiin, I^»2>; and 
reprinted in Hope. Reports, vol. xvi, l‘J2‘), no. 5, p. u. 
(Privately circulated to many seiciUific librarie.s.) Huxley’s 
letter of August 18. 1891, lo I.ewis Camplioll {IJfe. and 
vol, ii, p. 379) lefers to the same subject. 


llio.se far-off iindergruduate days, that his books were 
keenly appreidated by a bashful hero, who was so far 
from sharing the sublime eonfidenee of their author, 
that he was only leil lo perform the most fateful action 
in life by the pressing advice of a very young nephew 
who assured him, in the presence of the la<ly, that 
if he was bmd of lu-r, the pro])er thing to do was to 
kiss her. Herbert Spencer’s infallibility certainly 
lent it.self such stories as that of his .su))po.sed reply 
to an argument 'I’hat i-an’t be true, for otherwise 
First Principles would have to be re written — and the 
(‘dition is stereotyped'; or h(»w Darwin .said that to 
n*ad Spencer always made him feel like a worm, but 
that he retained the worm’s privilege of wriggling, 
and at another time ’ wonderfully clever, and I dare 
sav mostly true.' Hut, allowing for a style which j)ro- 
voked tluvse and other amusing eomim’iits, we must 
never forget that believers in the do«‘trine of Organic 
K volution owe an iniineasurabh‘ debt to Herbert 
Spenetr. 

tiames Hiissi l Lowell’s amusing lines in the /)/V//or.' 
Papers^** apj)ear to prove that Lamarekism was pre- 
vale!il in America many years before Hu* Oriffin: 

‘Some flossifers think llnd a fakkilty’s granted 

'I’lie minnit its proved (o Im‘ thoroughly wanlt‘d, 

F/, fer instanei‘, tin t rubber-lret s fust begun 

bearin’ 

^\'en p’lilikkh* «*oiisliimees come into weariii’, 

'I’het the b ars of a monkey, who.se holt (‘haneed 

lo fail, 

Drawed the vertibrv out to a prehensile tail.’ 

'I’lie year of the .Matu-hesler meidiiig, 1S87, was the 
fiftieth anniversary, and we are now celebrating the 
(’iiiteuary, of the entry in Darwin’s pocket lamk: 

’In .Inly opiuual first note -book on 'rransmutation 
<)f Species. Had lx*en greatly struck from about the 
mo:ith j)f pnvious March on character j>f South 
.\ineriean fossils, and species on (iaiapagos Arehipe 
lago. These facts (especially latter), origin of all 
my views.’ 

It is e.sj)eeially interesting lo recall that these 
views, as Professor Newton told us in his address lo 
1), the Hiologieal Seetion, did not include Natural 
Seleelitm which only came into Darwin’s mind when he 
read .Malthus, On Popnlatiun, in October, 18.98. .New- 
ton, who had n ad the proof-sheets of tln^ great Life 

'“ The lines are Jiuoted from the P'ir.sl Part, piiV)lishcd 
l8-t5 48. 
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of Darwin, puhlisiud later in 1S87, tlieii spoke of 
VVallaee’s independent diseoverv, made twenty years 
after Darwin’s, a discovery su^i:^j;ested to him also by 
refleetinj*; on Maltliiis, and of the frieiulship between 
the two p:n‘at men to whom this fruitful eonee])tion 
had come, referriuf;’ the eynie who W(»uld 'point the 
tinker of scorn at the petty cpiarrels in which natura- 
lists unfortunately at times en/»:a^e’ to this 'j»reatest of 
all eases, wlure scientific rivalry not only did mit 
inlerh n- with, but even strengthened, the j^oo«l feeliiifi; 
which existed betwj-en two of the most (^ri^lnal inves- 
li^;alors.' And here I eann(»l resist the desire to (piote 
a part of the speech made by Wallace at lh<- most 
thrilling selentifie ,i;atherin^ I have ever attended - the 
liflieth anniversary of the Darwin-Wallaee Kssay read 
before the Linnean Society on .Inly 1, 1858, only 
twelve days after the arrival of Wallace’s letter ami 
manuscript from the Mtihua’as. Walh'U'c then said 
on duly 1, I}K)8: 

‘'The idea came to me, as it loul come to Darwin, 
in a sudden flash of insi^;ht: it was thought out in a 
few hours . . . atnl s<‘nl off to Darwin all within 
om* w(‘ek. / was then (as often since ) the “youn^' 
man in a hurry”: //»•, the painstaking'' and patient 
student, seeking <ver the full demonstration of tin* 
truth that In* had <llseov«'red, rather than to achieve 
immediate perscmal fame.... If the persuasion of 
liis friends fiad ])revailed with him, and he had pid>- 
lished his theory, after ten years’ — fifteen years’ 
or even eighteen years’ elaboration of it / should 
have had no j)arl in It whatever, and he would have 
been at once reeoj^nised, and should be ever reeoa: 
nised, as the sole and undisputed discover and patient 
investigator of the ^real law of "Natural Selection,’’ 
in all its far- reach inj*' eonsecjuenees.' " 

.Vmusin^ evidence of the diflieidty with which this 
‘fi;reat law’ was understood is afforded by a verse 
written by lacrd Nraves and datcil .Nfay, IHO’l; 

'A deer with a neck that was lonji’er hy half 
'I’han the rest of its farnily’s (try not to lauj;'h), 
lly stretehin^^ atui stretching, became a Giraffe, 

W hich nobody can deny.’ '■ 


’* Dn nv ill - Wallace Celebratiun of the /Juneau Societij 
of London, pp (>. 7. 

” The (>i iffin of Specien. A new nong. In Songs and 
eersee, social and scientific, hg an old contributor to 
Maija, Edinburgh, ISW 2 Ed. 


Yv\ W'allaee, referring to f^ainarek’.s Jiypothesis and 
‘that now advanced,’ had written in hi.s Seetion of 
the Joint Essay: 

‘Neither did the girafle aetpiire its long neck by 
desiring to reaeli the foliage of the more lofty shrubs, 
and constantly stretching its neck for the purpose, but 
because any variidies which occurred among its anti- 
types with a longer neck than usual at mice secured 
a fresh range of pasture over the same ground as their 
shorter-necked companions, and on the first scarcity 
of food were therehg enabled to outlive them.* 

'riiere were fortunately others who did not laimeh 
such ill aimed eritieism. 'riius Professor Newton, 
reminding the Section that the new teachings had been 
at oiue aeeej)leil by (‘anon 'I'ristram'* before the 
ap))earanee of the Origin of Species (on November 21, 
!tS5J)), expressed, with all the enthusiasm of one, who 
was devoted t.i the same delightful branch of Tiatiiral 
history, ‘the hope that the study of ornithology may be 
said to have been lifted above its fellows.' It was 
indeed very fortunate that the Darwin Wallace Essay 
should have been read set soon after its appeariinee by 
a naturalist who looked on the species (piestion as did 
'rristram a great traveller and observer who studied 
indefat igably the birds he loved, as living en'alures 
and in as many count ries as he could visit. 

.\l the last meeting of the Hritish Association in 
Nottingham (18!).‘J) (’anon ’rristram was President of 
Section 1) a,!id, in his address, gave an aeeoimt of 
the observations referred to by Newtoii at Manchester. 
'I’he historic inlenst of this early aeee|)lam'e ol 
Natural Selection is such that I have prepareil a brief 
abstract, of his chief eonelusions; 

During a visit of many months to the Algerian 
Sahara in 1857 58, he 'noticed the remarkable varia 
lions in ditferenl groups, according to elevation from 
the sea, ’lul the diti’ereiiee of soil and vegetation.' 
On his retiirn In* read the Darwin-Wallaee Essay and 
wrote, ‘ It is hanlly p<»ssible, 1 should think, to illus- 
trate this theory better than by the larks and efiats 
of North .Africa.’ He t/ieii e.vpiained how (he eoloio*s 
arose by .seleetivt* deslruetion of birds which harmoniz 
ed less well than others with the surface of the desert. 
.\nd similarly with (»th<*r larks having ‘ditt’erenees. 
not only of colour, but of structure,’ ehielly ‘marked 
in the form of the bill.’ He look as instaiu'es a ver} 
long billed lark {Galerita arenieola), re.sorting « xelu 
.siv<*ly to tfie deep, h»se, sandy tracts, and a very slu)rt 

Ibis, October, 1859, pp. 429—433. 
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bilk'd allird .s{KTics ((r. isabellina) ^ haunting tlir hard 
and rorky districts. He tln^n pointed out that "there 
is individual variation in the hills of larks and that 
the shorter-billed birds would he at a disadvantage in 
obtaining food from sandy areas but at an advantage 
among the rocks where strength is required. He 
eoneluded, ‘ Here are only two causes enumerated 
which might serve to create, as it were, a new species 
from an old one. Yet they are perfectly natural 
eaust's, and such as 1 think must have oeeurred, and 
are possibly occurring still. \Vc know so very little 
of the causes which in the majority of cases, malo* 
species rare or common that there may be hiiiuln'tls 
of others at work, some even more p(;werfiil than these, 
which go to j)erpctiiate and ( liminalc certain forms 
“according to natural means of selectio?i." ’ 

The temj)tation to record an aniniing ineideiil 
which hatipeiied at one of tin* meetings ef Section I) 
at Manchester, cannot be resisted. M'ork was proceed- 
ing smoothly under the genial gnidaiiee of Pn»f. 
Newton when, suddenly. Dr. Samuel Haughlon i)f 
Didilin entered and from the back of the room an- 
nounced in arresting tones that he had an important 
<'ommunication to make about the animals pre.serve<l 
from the Flood. He believed that Mrs. Noah strong 
ly objected to her husliand’s intention to lake the 
elephants on broad, fearing that their weight would 
cause a dangerous displacement of the Ark's meta- 
centre. How this domestic ditferenee was etiinposed 
we had no op])ortunity of learning, for as the ( hair- 
iiian, who.se expression combined syinputlutie amu.se- 
inent with mild depreciation, was rising and about to 
)>rotest. Dr. Haughlon, antit'ipating the result, had 
already turned towards the door, telling us over his 
shoulder that he was on his way t<» make a fuller 
eommunication on the subject to the Anthropological 
Section. 

After this brief description of an event, which I 
hope you will agree t»ught not to be forgollcn, we must 
return to Organic K volution and to one of the most 
important subjects debated at any time before a meet 
iiig of the Hritish As.soeiation — the (piestion, “Are 
Ae(|uirrd Characters Hereditary.^” — brought before 
ihe world by Prof. August Weismann, who was pre- 
'>t’nt at Manche.stcr anil spoke in the discussion (un- 
lurtiinatcly not reported), introduced by Kay 
I ankc.stcr, in which Dr. Hubrccht, Patrick Geddes, 
arcus Hartog and the present .speaker, took part. 


\Vei.smann’.s conclu.sion that Acquired Characters' are. 
not inherited, was held by Prof, (looilrieh, in his 
address to Section D at Kdinbiirgh in to be ‘the 

most iirij)ortant contribution to the science of evolution 
since the publication of Darwin’s ()ri(/in of Spreirsf an 
opinion with which the great majority of biologists 
will agrt'c, although the terms employed for the two 
cla.s.ses, the Inherited and the Non inlu-rited, together 
with the idea.s underlying them, were shown by Adam 
Sedgwick, at Dover in 1H99, Arehdall Reid, and 
others, as well as by (foodrich himself, to be incorrect. 
Nevertheless it will probably be impossible to abandon 
the word 'acquired,' employed by Krasmus Darwin 
(J7qt), Lamarck (1809), and Prichard (I81.‘l) a.s 
well as by later authorities. Whenever environmental 
conditions arc followed by eharaetcrislic changes, 
absent when these eondition.s are ab.sent ; or when such 
changes follow the use or disu.se of the parts of an 
organism, or the education it has received, then we 
have bt fore us the ‘aeipiired’ characters maintained 
by Weismann to be incapable of hereditary tran.s- 
missitm. This vital eonelusion, accepted, as 1 believe 
it is, by nearly all biologists, is not apprcciati'd at 
it «)uglit to be by the gi'iieral public. A brief state- 
ment of a single piece, of evidence may convince some 
who are doubtful about a eonelusion with which human 
life is very deeply concerned. 

.My old friend the late A. A. ,\raedonell, Profes.sor 
of Sanskrit at Oxford, spoke two languagi's, Kngli.sh 
and (/crman, as they are spoken by native Fiiiglish- 
incn and (verinans. I asked him whethi'r he thought 
it was possible for any mature person to learn a 
foreign language so j)crfcctly that hi* would be mis- 
taken for a native. He replied that hi* was .sure it 
could not be done and that his own ability to speak 
the two languages as he did had been only made po.s- 
siblc because as a small child he had been eontiiiually 
taken backwards and forwards between the tw'O 
countries. Yet any human being transported as a 
baby from his own country to another and brought 
up there among the natives will learn to speak a.s 
they speak. .Ml the j)a.st generations, howi'ver many, 
during which his ancestors spoke the language of his 
birthplace, will count for nothing, will not retard his 
acquisition of another tongue or modify it in any way. 

.\n interesting and amusing exam[)le is ])rovided 
by the futile striving of an Kngli.shman to pronounce 
the Welsh double-1, generally attemjded by the sub* 
.stitution of ‘th’. And even the advice given by a 
Welsh clergyman to the Knglish Kishop of his dioec.se 
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is uiilik(‘.ly to hrinj? siicrrss: ‘You imisl put tin* tip 
of your Uifriil Ittvi rciul lou^uc aj^ainst tlu* roof of 
your Hinlil Krvcrfnd iiioiilh, anil hiss like a .i»oosi*.’ 

'I’lii- result of iiliuation as an ‘arquind’ oharaidfr 
i?) till* Wrisinanniaji sense is of such special iiiqiortaiice 
that [ think it is well to ipiote the eoneliisions stated 
by Hay f.anki ster in his address to the seventy-fifth 
ineetiiiij: of the Association at York. He then main 
tained tliat the ‘power ol building up a])propriale cere 
bral ineehanisin in responsi* to individual experience, 
or what may be called “educability,” is the quality 
which has to its selection, survival, and further in 
crease in volume’ ‘ "I'idueability" can be trans- 
mitted; it is a congenital eliaraeter. Hut the results 
of edueation can uol be transmitted. In each ge.riera- 

tio!i they havi* to l)e aeipnred afresh On the other 

hand, the iierve-mi ehanisnis of instinct are transmitted 
ami owe their inferiority as compared with the results 
of edueation to the v<*ry fact that they are u<tt aequin il 
by the individual in relation to his partievdar needs, 
but havi* arisen by selection of congenital variation 
in a long series of preceding generations.''’ 

Lanki'ster was leil by these eonelusions to reject 
altogither the theory of (J. 11. Lewes. (L Homanes, 
and others, that instincts are dii<' to lapsed inteili 
gejiee,’ a theory also dispro\ed by IJoyd .Morgan’s ob- 
serialions (*n young birds deseriixsl by him at the 
Ipswich UK cling in liSPo.' ' Another very impi riant 
suhji el brought forward by Lankester was the c-\ id- 
eiiee. originally publislu'd by him in that 

Lamarck’s first ami second laws of heredity 'are eoii- 
Iradietory the one id’ the other, and therefore may be 
dismissed.’ His statement may be brietly summarised 
as follows: 

Yhe first law assumes that in spite of thoiisands 
of generations during which a normal environment has 
'moulded the individuals of a given species of orga- 
nism, and determined as each individual develo]K‘d 
and grew "responsive ” (juantities in its parts (eliarae- 
ters); yet, as Lamarck tells us, and as we kjiow, there 
is in every individual born a potentiality which has 

iUportf British Association, lOOU, jq). 2u 27. pie 
eonelusions here ({noted had been eominunicated to Societe 
de liiologie of Paris, in 18^*9 (Jubilee Volume) and were 
rtqwiineiliii NaturCf vol. l.xi, 1900, pp. b24-()25. 

Report, British Asseociation, p. 7iA. 

Nature, \ol. li, 1,s94, p. 127 : Report, British As- 
sociation, I90U, pj), 20, 30. 
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not been exlinguished. Change the normtil condition 
....and (as Lamarck bids u.s observe), in spile of 
all the long-continued response to the earlier normal 
speeifle conditions, the innate congenital potentiality 
shows itself. The individual. . . .shows ncrc re.sponsive 
quantities in those parts of its structure concerned, 
new or aecpiired characters.’ 

‘So far, so good. What Lamarck next asks us 
to accept, as his “second law," seems not only to lack 
the siqiport of experimental proof, but to be inconsist- 
ent with what had just preceded it. The new eharae- 
ti r which is e.r h tifxtihcsi, as was the old character 
....is, according to Lamarck, all of a sudden raised 
to cxtraiirdinary powers. 'I'lie new or freshly acquired 
character is declared. . . .to be capable of transmission 
by generations; that is to say, it alters the ])otential 
character of the spi'cies. It is no longer a merely 
responsive or reaction character, d(‘terinincd quantita- 
tive e(’»idilions of the environmenl, but becomes fi.Ked 
and incorp u-aled in the ])otentiai of the rai-e, so as to 
persist when other (juantilative e.xlernal eondilions are 
substituted for those which e.rigijially determined it.’ 

The elfcel of Lamarck’s laws on the hereditary 
transmission of acquired i haraelers would lie this: * a 
past of indeliniti* duration is powiudess to control 
the preserd. while the bri(‘f history (»f the [iresent can 
readily control the future.’ 

After hearing a very condensed statements of eon 
elusions so essentially bound up with the prognss 
of Organic Lvidution, I feel sure that you will wish 
to 1 h- reminded o. Prof. Kwing’s words which follow 
ed the ;iddress at York: 

* Now is the w inter of our discontent made glori- 
ous summer by this h’ay id’ Laidvcster.’ 

Returning to the unreporled discussion on the in 
herilanee of aei]fnri‘d eharaeters at Manchester, I 
venture I ' bring fe.rwanl certain observations o])pos 
ed to a bi lief in Lamarckian evolution by means of 
inlii'rited experience- idvservations which I then des 
eribed and have not known to be aiiswu’red. In I lie 
relationship between enemy and ])rey there is very 
commonly no opportunity for the latter to learn by 
ixperience. The wonderfully elaborate adaptations 
by which sedentary in.sects are hidden from enemies 
have b(‘en evolved, not by experimiee of enemies bnl 
by avoidance of enemies. In these examj)les, and 
they are numberless, we are driven to accepi 
Weismann’s eonelusion and with him to invoke ‘ the 
aJl-sufficienev of Natural Selection.’ When one ol 
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the cakrpill.'irs, (»f wliitli llu n* ai*i* so many 

in lliis <MHinlry, is (k-ti-rlt ii by an iiisiclivorr-us bird 
il <*nn do iioliiin^' and is d(*vt)iirfd at oiior. Its oiit* 

(b‘fi ur is lliL* a.sl()iiisliiiif*Iy prrtVt t rfscmblam*- to a 
Iwi;^; (d‘ llic bush or Irct* on wliicb il lives. 1 1 is 
firmly fixed and its weiajbl also supiuwted by an 
almost invisible thread so that it eannot eseape as 
many eaterjiillars do by dro])pinj'* to the ^roiitui and 
shelleriiii*’ in the ^rass or amonj»- dead leavj's. Its 
one ehanee of survival is <»ain so periVal a dis<»iiisi‘ 
that it will not be seen, and to ^ain this end the 
ada])tive devices are nmst elaborate and wonderrnl; 
its twij»; like shape and eidours with the power of 
IU,'radiially adjustin';; these so as to resjinble the bark 
of the bush or lr(‘e on which the part'id moth laid 
the eu;y; from which it came, «‘Vt‘n (he powi'r to re- 
produce exactly th(‘ a]>])earanee of lichen, the rij*id 
stiek-like attitude maintain<‘d during* Ihi' hours of 
dayliffhl. Finally then' is the evidence, ree<ntly 
obtaiiu'd by Hobert Carriek,'* that the disjoins** r/oe.v 
])roleet; for examples of one (»f these caterpillars, 
reslinji; on a branch of its food plant fixed ovi-r a 
wren’s nest (‘ontainint( youn^', were unnotits^d by the 
parent bird which used the same branch as a coiive 
iiieiit ptTch; yet seen and at once taken when placed 
<»n a white surface below. 

One of the best examples (d' a jirophetie instinct 
is to be found in the lar»'a of an African 'I’abanid fly 
(V. hiffuitnius). 'I’his magjilot liv< s and fcc<ls in soft 
nuid which, durinj*' the <lry season when tin- chrysalis 
sta^c has been reached, will be travers«*d in all 
directions by wide and d'-ej) cracks in which insecti- 
vorous animals can seari-h fin* prey. Mul the ma^^ot, 
while the mud is still soft, ])re})ares for this danger. 

Hy tmin(‘llin^ spirally up and dowti it makes a lint* 
t)f weakness w'liich will cause a pillar to separate from 
the mass when the mud hardens and contracts. It 
then tunnels into the still soft pillar and becomes a 
chrysalis in the centre of its dcc])cr end. Htiwever 
wide the cracks which appt-ar in the mud, the ma^'^tit 
lias arranged befort-hand that they will not invade its 
cylinder. Dr. \V. A. Lamborn, who math* this most 
interesting discovery, observed that the sunimits of 
the pillars, ^’orming; circular discs of about the size 

a penny, scattered here and there o\cr the surface, 
were never thus traversed, but that an empty shell rl 

” Trans. Hoy. Knt. Soc.. Land., vol. 85, part 4 (May I 
p. 13b3pls. J 


was protriulin'T from the centre cif t-ach when the fly 
hatl cinerj^j'd.*’* My fri<!id the late Prof. .1. M. 
Haldwin. the disting'iiislual Amt-riean psyehoIoi»;is( . 
wi ll remembered at many of our meetiii^s. wrot<* when 
In* heard of this discovery: ‘it seems ctnnjAvtc one of 
lfu»se ran* eases of a sin«le experi<*nee lu iiie- sjiflicient 
to establish both a faet ami a reason for the fact! It 
is beautiful.’ 

I would ask any believer in I.amarckian » volu- 
tijin, or in Meriiiic's and Samuel Sutler’s theory «d' 
unconscious memory nsijliiii;' ill tin* m rm cells, how 
it would be possible to ixplain these proplulie ins 
tinets, adapted m)i to meet but to avoid futurt* ex- 
))erience. cxeejit by the ojieration <d‘ natural selection. 

riu* ap|)eal to ( )rlho;;‘enesis, «>r iidenial de\elop 
menial b)rce, as the mo(i\<‘ cause of evolutionary pro 
uriss has (dten been made ^^'enerally by palasuifo- 
lo,i;;isis ratlu-r than by the observers of livint;' forms. 
Any such belief in the |)o(ency of an internal ti ndeney 
is. I thitdv. open to tin i-riticism mad(* by 'riiisclton 
Dyer in his addrf^s to Seclitm I) at Path ii: bSSS: 
‘'This appears to me much as if we explained the 
luovtinent of a train from London to Path by attribut- 
ing tt> il a liiuh-ney to loiomotion. Mr. Darwin lifted 
(he whole matter old jif the field of mere Iranseen 
deidal spei'ulation by tin* theory of natural sele<*tion, 
a p(‘rfeetly intelligible mci’hanism by whii*h the result 
might be brought about. Science will always (irefcr 
a mall rial modus oftrniudi to anylbing so vague as 
the a<*tion of a tendency.’ 

It is not nec'cssary for me to speak on the red is ■ 
co\erv of Mendd’s great work ‘ind all that it has 
I meaid to our Piologieal Sections in the early dccad(‘s 

i of the ])res4ul century. 'Pin* rectiit developiiunts, 
following the work «)f Haldane, P. A. Fisher, and 
others, ami the vitally important relationship belwci*n 
Mcndelism and Natural SeleeliiUi were brought ta fon* 
us last year in Julian Huxley's illuminating address 
to Section 1). 'I’lie older belief that only larg(‘ 
variatiiUis, or mutatiuiis as they then began l<i be 
calh'd, wen* subject to Mendelian inheritance, and 
that small variations were not inherit«*<l, at all, dis 
appeared when further researches proved that ex- 
tremely minute ditVerences were ‘heritable in the 
normal .Mendelian manner,’''' and, with this, the 
foundation of Darwinian evolution became immenselv 
streiiglhencd. It is also right to rciiKMnber that Pate- 

Proc. Hoy. Sor., it, vol. lOu. p)30, p. 83, pl. v ; Proc. 
Ent. Soc. lA)nd„ vo’. v, p. 14. 
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son, the leader of Meiidelian rescareli in this eountry, 
always believed in Natural Seleetion, re^^ardinj^ it 
indeed as self evident and not very inten'stiiiji:. 
Also that Kay I.ankester, as long ago as his 
address at York, maintained that however far Meii- 
delism was advanced it ‘would not he subversive of 
Mr. Darwin’s generalisations, but probably tend to 
the more ready application of them to the explanation 
of many diflitadt eases of the structure and distribu- 
tion of organisms.' 

The relationship between the germinal foundation 
of Meiidelian and W'ismannian heredity was consider- 
ed in a paper by L. I)<mcasler read before Sectiem I) 
at the South African meeting in 1905. He then 
maintained that VVeismann's ‘ hypothe.sis that the 
material bearer of hereditary (|ualities is the ehro 
matin of the nucleus’ of the germ-eel Is had la eri con- 
firmed by recent work (»p their maturation which ‘has 
shown that they contain a mechanism which seems 
pre<Msely adapted to bring about that segregation of 
ehara<*tcr.s which forms the most fundamental part 
of the Mendelian theory, and it seems hardly possible 
that the two things are uneonneeted.’ Mae Bride also 
in his address to the same, section at Newcastle in 

spoke of (he ‘great epoch making discovery of 
experimental embryology, vh., tin* existence of 
SPKciFie o»(iAN-KOHMiN(} srissTA NCKs.' 'Fhese funda- 
mental discoveries bring to mind a conversation with 
VVeismann when he had been finally driven to frame 
and elaborate this hypothesis, and was so appalled 
by the. number and minuteness of the material bearers 
of hereditary qualities contained in a single germ-eel I 
that, as he told me, he could not believe that the 
physicists and eheini.sts were correct in their eonelii- 
sions about the si/e ef the atom. He admitted that 
diverse lines of evidence led to the same n sult, but 
even so, he believed the future would prove that 
physicists were mistaken and that the atom was far 
smaller. 

It is impossible to say more than a few words 
about the very interesting and important <liseussion 
on ‘ 'I’lie present state of the Theory of Natural Selee- 
tion' held at the Koval Society on May I t last year, 
'riie subject was approached from many points of 
view by both zoologists and botanists, and their eoti- 

Report, British Association, 1031, p. 77 and 
references (juoted . 


elusions were very welcome to Darwinians who remem- 
bered the earlier opinions expressed when Mendel’s 
great work was rediscovered. I think, how'ever, that 
Prof. D. M. S. Watson, in the opening address, was 
inclined to underestimate the value, of the existing 
evidence for a ‘ selective death rate,’ although every- 
one will agree that ‘ any new evidence ... or indeed 
any suggesti«m of eases which might be capable of 
investigation,’ would be most desirable. 

1 may briefly mention a few experiments brought 
before Section 1) at the Bristol meeting in J8t)H 
beginning with the work of Weldon and 'rhompson 
on the Common Shore Crab, showing that the etfeet 
of china (‘lay and other impurities in the sea at * 
Plymouth was selective and promoted changes of 
shape which ensured that the water flowing over the 
respiratory surface was more eHieiently filtered. 

Then, on the subject of chance, the heroic help 
rendered by .Mrs. Weldon, who four times recorded the 
result of KOPh throws of dice, showing that the faces 
with more than three points were on the average. 
uj)permost slightly more often than was to be ex 
peeled. It (‘omes back to me vt‘ry clearly because of 
the interesting explanation- that the ])olnts on dice 
are marked by little holes seoopt'd out of the faces, 
and ;f are somewhat light(‘r, more of the ivory having 
been removed; also because of Francis (ralton's de 
light and his humorously ( xpresst'd wonder whether 
the facts had been realised by tiuise who had an 
interest other than seientifie in the throwing of dice. 

Exj)erimental evidence was also submitted by .Miss 
Cora B. Sanders (.M:*s. C. B. S. Hodson) and my 
self, proving that when the rough, angular ])upa of the 
small tortoiseshell butterfly ‘is suspended from a siir 
face against which it stands out eonspieuously, it is 
in far gr(‘at(?r danger than when it is fixed to one up«»/i 
which it s eoneealed. 

'I’o the observer of living creatures, however, the 
most convincing evidence is provided by animals them- 
selves. When a wild bird is seen to capture some eon 
spieiious biitlerfly or moth and then imrni'diately to 
reject it the association between inedibility and ;« 
warning colour is mon' convincingly suggested than 
when insects are offered to animals in ecvnfinenu'ut, 
althoiigii such experiments arc of gr(^at value ami 
oft(‘n provide the only available, evidence. There nu . 
however, instances in which abundant data for stali* 
lical investigation are furnislKd by the wild anini.iN 
tlumiselves. 'riius the long eared bat has the con\' 
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nit*nl habit oi eating moths- -its rcf^^iilar food — whilr 
it hangs sustK'tiilcil from a surlurc to whirh it returns 
after each ea|)turf; and as the wings are rejeeted, 
lliese may be eolleeted in large numbers, yielding 
valuable information on tlie signitieanee of (‘oneeal 
ing and >varning ))atterns. 

In the attempt to determine the motive eause of 
organie evolution, the w'ork of the naturalist, the 
student of living nature, is essential. II is task is to 
do what LycII did for geology by direeting atten 
tion to the forces now in operation and seeking with 
their help to interpret the past, and in this work it is 
es])eeially valuable to study adaptations whieh have 
been developed in recent times and can, in certain 
jnstanees, be j)roved to undergo changes even now. 
Thus the interesting observations of H. I..yster Jame- 
son showed that a pale local race of the common 
mouse had been formed, although incompletely, in 
from 100 to 125 years by the selective attacks of 
owls and hawks on sandhills rit'ar Dublin.^'" I there 
fore believe that the colours of animals provide one 
of the most fruitful fields in which to ])ursue these 
investigations, and I regret that this work has been 
recently attacked by an AmtTicari zoologist w'ho, 
referring to the recent revival of natural selection, 
continues --‘if the doctrine can emerge minus ils 
sexual .selection, its warning colors, its mimicry and 
ils signal colors, the reaction over the end of the 
century will have been a distinct advantage.”*^’ It is 
of course impossible to discuss, on the present occa- 
sion, this confident attt'inpl to depreciate the valiu* of 
work associated with the names of Hates, Wallace, 
rrimen and Fritz .Muller. I will only ])oint out that 
I heir conclusions on warning colours and mimicry have 
been immensely strengthened and confirmed by the 
lab r observations of Guy .Marshall, W. A. l.amborn, 
St. Aubyn Rogers, Hale (’arpentcr, V, (i. L. van 
Someren and others in Africa; by tin* experiments 
conducted by some of these naturalists, ami also by 
II. H. Colt and U, Carrick, and in the rniletl Slates 
liy .Morton .Jones. 

It is interesting to remember that a pa])cr by tw<» 
.Vimri<*an entomologists-" was among the first to 

Journ. Linn. Soc. (Zool). vol. 2i\ IS^LS, p. 4f).S, pi. .>0. 

*’ Evolution, A. I'ranklin SliuH. (New York, 

** Walsh and Kiley : The American Entomoloijist, 

Louis, Mo., 185^, vol. i, p. 180. 

229 


accept and su))])orl by fresh observations the conelu- 
sums brought forward hy II. W. Hates in his great 
memoir on the mimetic* butterflies of the Amazon 
Valley and that one of the authors tn*atcd the 
same* subjeel more eomplelcly in a later paper"* much 
appreciated by Darwin."' 

It is also im])ortant to remember that the above- 
mentioned conclusions have been reached by the study 
of marine animals no less than terrestrial, as was 
showti by Herdmaii in his address to Section 1) at 
Glasgow in n)l)l. and by his exjariments eommuni- 
eated to the same Section at Ipswich in lKi)5; also 
that Garstang, with his very long and intimate ex- 
perience of murine life, adopts the same interpreta- 
tion of eoh)ur and form with Hu* ass»)eiateil alti- 
tudes ami movements. 

If timi* permitted it would Ik* possible to speak 
of numerous papt rs on mimicry and the relatetl sub- 
jects which have been brought before our ini'ctings. 
It is imj)ossible to attempt this now, but many will 
feel with me that the name of the late Dr. F. A. 
Dixey should not be b>rgotten — one who att(‘nded so 
regularly, so often read papers at our meetings, pre- 
sided (»ver Section 1) at Hournemouth in liUP, lectur- 
ed, at Leiceslt'r in 11)07, always giving the results 
yielded by the study of his favourite insects, and their 
interpretation by the theory of natural seleetion; also 
one who d(*light(‘d in the social gatlu^rings of his 
Seetien, when* his rendering of JViddicnmhe Fair will 
be long n*membered. 

In my con(*luding remarks I am anxious U» refer 
to a very inlert*sting ami encouraging subject — the 
feeling for animals and the care for their welfare 
to-day, as i*ontrasled with the treatment they ree»*ived 
a hundrcil years ago and i*ven in the youth of many 
among us. Only last autumn The Timex (»f ()clolH*r 
12, report(*d that 1,000 swallows hud arrived at 
\'eiiic(* ‘sent tlu*re by binl-lovi*rs from Vienna and 
.Munich in order to savi* them from the effects of the 
cold weather. Soon after their arri\al they were set fn*»* 
and flew south ahmg the Adriatic coast.’ And a lilth* 
earli<*r the writer of the amusing ‘l''ourlh l.«*ader’ 
nfferretl to a nu*e*ling of the .Society for llu* Preser 
vat ion of the Fauna of Hu* Fm|>ire at whij*h the ear»* 
of the oi)ossum was discussed, comparing ll\is willi 

Trans, Linti, Sue. Loud., vol xxiii, I.S62, p. 

** 1-tiley: Third Annual Repuri on the Nuriuua . . . In- 
sects of. , . Missouri, 1871, p. H2. 

Charles Darwin and the Theory of Natural Selec- 
tio7i (Poultoii, Is9u), p. 202. 
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tilt* report of liapj)enin^s a liiiiulretl years earlier 
when was a ‘liiiinoroiis delmle’ at l!ie /<oolog[ieal 
Soei(‘ty ‘about |)uirm‘i: eij*:ar-sinoke into the ea^^es of 
the monkeys,’ to their t*vi(h*nt diseoinfort. 'I’he writer, 
vieldin^' loo far. we hope, tt) the dej)ression of the 
present day, eoiiehides; ‘'The world, it may be. Is 
“man~siek'‘ and y^ arnin^ to be rid of a bad inistakt*. 
Hut the erealiire eaniiot be wholly vile when Instead 
of torlnriii^' monkeys it takes thought for the 
opossum.’ it would not be ri.i>:ht to ({uote from a 
eentiiry ohl report without speaking of all that is 
dom* and has been (h»m* durinji; many years for the 
eare ami health of animals by the <j:reat London 
Soeiety, and in doiii^' this, for the education and 
ha))piness of our )>eoph‘. Hut tiu* elian^t* of wiii(‘h I 
have spjiken is most (haply imjn’essed on those who 
renu*mber, as many of us do, the inisdireeted hours 
in youth when birds were shot in our jjiardeiis and 
briek traps madi* to eateh them. 1 feel sure that 
those who did these things are not essentially differ- 
ent from their ehildren and ^randehildreii who have 
f{;rown up in a kinder atmosphere. I must not 
oeeupy more time <m a subjt‘et whieh to some may 
seem inappropriate, but it is bound up with eduea- 
lion in its true sense — a leadinji; out and if, as Ray 
Lankester said at York, and we are all eomiiif*; to In - 
deve, the hidden })owers within arc inherited whih* 
the results of their development are noi, then there 
is no easing of the burden with the ])assage of time, 
but eaeh generation afresh must bear the heavy res- 
ponsibility of eonduetin^ this developmi'iit in the best 
way so that its sueeessor may be able to meet the 
ehariiriiijr and, at this time, the inereasinj; needs, 'f’he 
relationship betwei-n the powers Avithin and their 
development was suggested in arresting words by 
the late Prof. Seott Holland: ‘'Fo say that a man 
eannot be made good by Aet of Parliament is sueh 
an obvious truth that people forget what an outrage- 
uus lie it is!’ 

Thoughts on the develojnnent of these hidden 
junvers by the edueating influenee of soeial 
environment, suggest the greatest of the })roblem.s 
by whieh we are faeed -the emf of international war. 
Miehiel Poster, in his Address at Dover in 1891), 
after, speaking of progress in the material of war- 
fare was led to believe that, ‘happily, the very great- 
ness of the modern power of destruction is already 
becoming a bar to its use, and bids fair- — may W'c 


hope before Iong?-i>-wholly to put an end to it; in 
the Avords of Taeitus, though in another sen.se, the 
A’ery preparations for war, through the eharaeters 
whieh seieiiee gives them, make for peace.’ And in 
his eoneluding page's In* express(‘d the hope that the 
brotherly meeting betw'een the P^nglish and I'reiieh 
Assoeiaii(»ns at Dover and Houlogiu; might be looked 
iijMMi as a sign that seieiiee, by nobler rieans than 
the develoiMuent of armament, was steadily working 
toAvards the same great end. And, in a time of still 
greater need and ])erplexlty, may wt^ not, in the same 
hopeful s])irit, look upon the recent visit by whieh 
iiH‘inb(‘rs of the Pn'in'li Association have honoured ns, 
and feel strengthened in the belief that the great end 
will be reached. 

'I’here are, I know, very many ])eoj)le avIio look 
upon the (L*eat War with later wars and rumours 
of wars as the close of .Miehat*! Moster’s dream. 
'Phe Avords in whieh Sir Arthur Sehustei* eoneluded 
his address at Manchester in 1915, and Sir KdAvard 
'riiorpe at Kdinbiirgh in 11)21, indicate, 1 hope, that 
the Hritish Association does not thus dt'spair and in 
this belief I bring before you a passage from the 
far earlier address Avhieh Sir Hiehard Owen delivered 
to the 'rweiity -eighth .Mi'ctiiig at lat'ds in 1858 
a passage whieh makes a sj)eeial appeal at a tinu‘ 
wlu'ii the Hritish and American Associations are eonli- 
deiitly hoping to strengthen still further the bonds of 
sympathy and mutual uppre(*iation by whieh they 
liaA'e bi'cn happily united for so many years. 

Referring to the transallanlie telegraph Sir 
Richard said: 

‘We may eonfidently hope that this and other appli 
cations of pure seieiiee will tend to abolish wars 
over the whole earth; so that men may come to look 
back upon the trial of battle between misunder 
.standing nations as a sign of a past .state of eompara 
tive barbarism: just as w'c look back from our presi'iil 
])hase of eivili.sation in Kngland upon the old border 
vi'arfare.’ 

Contideiit Avonks inspired by the forging of a new 
link between the two great Engli.sh-speaking nations. 
Nearly eighty years have passed .since they were 
.spoken, but Avith all the terrible disajipointmeiils 
there has been great progress, and a time will surely 
come, and may it come quickly, a time which shall 
prove that the visions of the young and the dream ' 
of the old Ai'cre prophetic of a glorious reality. 
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Indian Students and Foreign Scholarships 

P<*rliaps no country slaiuls in greater need of 
foreign seholarsliips to (‘liable her young men to receive 
adequate training in dilferent branelies of science and 
industry than India. Yet it is the misfortune of tin* 
latter that she does not enjoy the benetit of such 
scholarships in any appre(‘iable measure. 'I’lie 
apathetic attitude of her own (bivernmeiit to ques- 
tions of this nature is wi ll known, and lias been 
eonimentc'd U])on times without number botli in print 
and speech. 'I'he number of awards math' to Indians 
is extn'iiK'ly inadeijuate and out of all proportion 
with the reipiirements of the country. In the 
Mtitirni lievieji', September pp. ‘iH-1'5. 

" Seientitieus " raises the question and deals with the 
subject at some length. He especially mentions in 
this eoinu’ction (1) the Rockefeller Foundation, 
(*2) the (’arnegie Corporation of New York, (.‘t) the 
IST)! Kxhibition Seholarshi]) 'rnisl, ( t j the Deiilsehe 
.Vkademie of Munich, and ) the 'I’ala Charities. 
.Ml these art' bodies which award scholarships to 
(lescri ing students and professors mostly on an inter- 
national basis. Rut the very scant regard these 
bodies (exeej)t, of course, the Deutsche Akadeinie) 
have so far paid to the elaims of Indian student s 
eannot be suirered to pass unnoticed and calls for 
S(»me eommeiit. Cet us first take the case of the 
Hoekefeller Foundation which professi's to be inter- 
nal ioiial in principle. Rut in actual ]n-aetiee, we 
find that their activities are mostly limited to those 
countries which cannot be said to be really in iiivd 
«»f its aid. India has been sadly in want, and has 
bi'eii crying hersidf hoarse for years for outside help 
without much response. “ No rational explanation,” 
writes Seieiitifieus, “can be found for the strange 
attitude of the Rockefeller Foundation refusing all 
assistance to India except in medical a/fairs. 'I’he 
impression is that their charity programme is not after 
all so disinterested as it is claimed to be. 'I'lieir jioliey 
appears to lie guidi'd by deep political, econoinie, 
and commercial reasons of which the public in general 
are quite ignorant”. About (’arnegie Charities, the 
same story may be. repeated; though recently one 


or two .S(‘holarshi))s ha\e been given to Indians, India 
has mil profiteil in any appreciable manner. 

I’he interesting story of the 1S51 Fxhibition 
S(‘holarships has airtady luen told in these columns 
(Sc. & Cult, vol I. pp 1S0-S2) and is perhaps fami- 
liar to tiu- reader of this .lournal. It is another 

story to prove how far injustiee towards India can 
go. In view' of the munif'u'eril contribution India 
made towards the establishment of the funds, " she 
can justly claim one third of tin* .scholarshijis given 
by the fiovt'rnors of the IS.')1 Fund.s. and if slit' were 
in the position of a Colony likt' (’anada or Australia 
and not a dependency, she would have semi that her 
elaims were enforced.” Rut what about the 'Tata 
'I'rust which is Indian in character but which believes 
mort' in inti'rnational (harities than in charities at 
liomi'. It is really strange that it should spend .‘>5 per 
cent, of the charities for giving sc'holarships to foreign 
countrii's. “ Charities must begin at home and there 
can be no justification for ixporl of money earned in 
India for purpos( s of charities to foreign countries 
when th(‘ needs of India are (‘olossal . . I ( is (h'sirable 
that IIm- Indian public should take up the agitation and 
bring sufficient pn ssure upon I hi' pn sent 'rrustees 
of the dilferent 'I'ala charities so that they may be 
forced to adopt a more patriotic policy. If the 
charities ari' all ear marked for Indian scholars and 
Indian rcscari'h institutions, India would bi' hi'lpi'd to 
the path of progress. Li t us ho])e that thi.s will be 
done.” In many of the provinces, the (’ongress has 
taken up the reins of (lovernment. We expect that 
their governments will find it possible to send up a 
large number of scholars to foreign countries on a pro- 
perly co-ordinated plan, 'their choice and training 
shoidd be based on the needs of the country and when 
thev return they should be provided with suit- 
able opportunities for displaying their abilities and 
talents in the sen ice of the eoimtry. 

All-India Educational Conference 

This year the .All India Fducational Conference 
will be held in Calcutta. Last yvnr it was held at 
(iwalior (S( ikncio and Cri.Ti UK 2(50, It 
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Indian Science Abstracts 


is an important and usct’iil animal ('vriit in the Indian 
edneational world aiul deservt^s t verv nicourageninil 
and support from the puhlie. \Vc are, therefore, 
^lad to f^ive puhlieity to the following appeal issued 
l)v the loeal I{eee))tion (’ommittee of whieh Mr. Sanat 
Kumar Hoy ( hoiidhiiry. Mayor of Caleiitta, is the 
■'hairman ami Mr. K. P. C'hattopadhyay the General 
See ret ary. 

'I'lie 'rhirti'enth Session of the All India Kduea- 
tional Conferenee will be held in C'aleutta this year 
during’ (’hristmas Holidays, 'rids Gonferenee is 
held under the auspiees of the All-India Federation 
of Kdiieatioiia) .Vssoeiation. 'Phe different 'IVaehers’ 
.\ssoeialions and Fdueational or#i:ani/.ations in India 
are affiliated to the Federation, whieh, in its turn, is 
affiliated to the World Federation of Kdueational 
Assoeiations. For the last twelve years the Confer- 
enee has been holding its annual session in different 
jiarts of India under the ])resideney of distinguished 
Indian edueationists. 

Fast year the Conferenee was held in Gwalior, 
and the State bore all the expenses ineurred in 
eonrieetion therewith. 'Phe amount of expenditure 
for such Conferences eoines to the neighbourhood of 
Hs S,000/-, t«)wards whieh, we are glad to annoiinee. 
the Calcutta Corporation has made a grant of Its 
1,500/- and the Cah-utta Cniversity has sanctioned 
a sum of Rs 500/-. We have also requested the 
Mengal Government to sanction an adecpiate grant. 
'Phe Meinbershi]) of the Reception (’ommittee ami the 
delegation fees may bring in a sum of Rs 2,00/-. 
'Paking all these details into our careful consideration, 
w’e have come to the eoiudusion that a sum of Rs 
5,000/- will have to be rai.sed from the generous 
public in the sliape of donati»ms. 

We earnestly hope that the pidilie of Rengal 
w'ill give this matter their kind and careful consider- 
ation, and help the Reception Committee with adequate 
financial assistance to hold siieei'ssfully the sission in 
('aleiiHa this year in a way befitting tlie fair name, 
of Rengal and the hospitality of the Meiigali peoj)le. 

We also appeal to all educational institutions in 
Rengal ( Primary and Secondary Schools as well as 
Colleges) to associate them.selves with this C’onfer- 
cm-c by contributing a suitable amount as donation and 
also by .sending teaeluTs as delegates. 


We have already drawn the attention of the 
reailer to the Indian Science Abstracts published by 
the National Institute of Seienpes of India under the 
general editorshi]) of Dr Raini Prasad, Director of 
the Zoological Survey of India (See Se. & Cul. vol II, 
pp. i)7-ffS). The publication in intended to ineludo 
abstracts of all seientifie papers published in India, 
as al.so of papers fiublished abroad on work done in 
India or based on Indian material. 'Phough two 
parts of it have already come out, to deal with papers 
published during lfft’i5, it has not been found po.ssible 
to cover all the papers. It has therefore been decid- 
ed to bring out a further part so that the publication 
may be complete for H);i5. Those authors wdiose 
publications have not already been incorporated 
are therefore requested to send in the abstracts of 
their respective jiapers to the Kditor, 1, Park Street, 
Calcutta, at an early date in order to enable him to 
publish these in the next part. 

Indian Science Congress Jubilee meeting 

'Phe following two additional discussions have 
been arranged for the Section of Anthropology, (1) 
()p))ortunitics for .\relueologieal excavations in India; 
(2) 'I'hc Importance of Anthropological studies for 
India. 

In our August issue we announced that a discus 
sion on " Animals and their di.seases in relation to 
man ” had been arranged for the Sections of Medical 
Rc.seareh and Physiology. 'Phe Cfcneral S(**Telary 
of the Indian Science C’oiigrcss now' informs us that 
through an error the name of the Section of Veteri- 
nary Research w'as omitted. It is understood that 
Sir Frederick Hobday will be taking part in this 
di.seii.ssion. 

'Phe .’allowing scientists havi? recently accepted 
the invitation to attend the meeting: — Prof. (’. (»• 
,Tung, Professor of P.sychology, University of Zurich; 
Professor Sir Frederick Hobday, lately Principal 
of the Royal Veterinary College, London; Prof. G 
W. O. Howe, .lames Watt Professor of Fleetrical 
Kngiru'C'ring, University of (Jlasgow; w’hile Prof. M- 
Caullery, Wimereiix Zoological Station, France, hopc> 
to be able to eome. 

S. M. Sulaiman 

On the eve of his departure from Allahabad t<' 
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NOTES AND NEWS 

take up Ills appointment at the Federal Court, high 
tributes were paid to Sir Shall Muhammad Sulaiman 
as a man, as a law'yer and as a seientist hy the emi 
neiit citizens of AlJahahad. Our readers have already 
had the occasion to read two articles from his pen 
of Fiinstcin's general theory of relativity in which he 
gave a critical review of the astronomical observations 
on which the experimental confirmations of 
Kinstein’s theory are supposed to rest. As is well 
known Sir S. M. Sulaiman has his own views on cer- 
tain fundamental problems of physics which he lias 
developed in a number of scientific papi-rs rt“ad be- 
fore the National Academy of Sciences. 'I’lie keynote 
of his gravitational theories is that the forces are 
not propagated instantaneously, but with the vehuity 
of light; that the force acting on a mass point is 
not that du(' to the instantaneous positiori of the 
source, but due to the position whi;*h the source 
oeeuj)ied at a previous epoch which preeeiled the 
lime of observation by the lime of ])ropaga(ioii. 

In this cofineelion we cpiote below some remarks 
of Prof. Af. N. Saha from \nc ThoiKjht which our 
readers will find interesting. 

“ 'riiere is. 1 must admit, a slight touch of Arisiole- 
lianism in all these works, inasmuch as assumptions 
have b(‘en made of partii'les and laws wliieh have 
yet to respond to the physicists’ identification 
parade. Hut this seems to be a feature of the times, 
'riie exjierimenlalist ami the observing astronomers 
have gone ahead of the theoretical man with their » x- 
plorations and have discovered new facts and phem*- 
mena which do not fit in with the established order. 
Snell are the cosmic rays, the red shift of nebular lines, 
the nuclear reactions, etc. 'I’lie theoretical physicist, 
unable to keep pace, falls back on speculations. Kd- 
(lington counts the number of particles in the univiTse, 
Dirac predicts anlipartieles. Milne gels all the e<pia- 
lions of relativity dynamics and quantum physics out 
of his cosmological ])rinciples which, in his hand, act 
like a magician's hat. Dr Sulaiman has also invent 
ed radions, gravitons, and light particles executing 
screw motion. What are the values of these specula- 
tions.^ 'Phe answer is “ Wait and see.” In spite of 
spectacular advances in science and technology, those 
who arc in the know' of such attempts all feel that 
we are after all no lK*tter than Plato’s chained men 
in a cave, unable to form any picture of the universe 
except from the .shadows ])assing before us. If a 


keener mind sees in these shadows more than the orili- 
nary mind, we can admire the ingi nuity of such 
attempts, but surely cannot accept them until the 
predictions come w'ithin the range of reality. Hut 
at the same lime, we cannot dismiss them as being 
merely speculative, for what intellectual progress has 
been possible without speculation? 

Latest Figures of World Population 

The Statistical iiear-Houk of the Leaffue of 
\atiotis, lP;Ui-a7, has just been ])ublishcd. It is a 
well known annual publication and contains as 
usual very usc*ful and complete summary of the 
statistics of the chief demographieal, s»)cial, eco- 
nomic and financial phenomena. According to this 
book the j)opulation of the world at the end of IP.’tS 
was estimated to be about ‘2,()J)5,l!)0,000. 'I’hc 
increase during that year was rather less than 1 per 
cent, 'riie nuiMber of j)ersons per scp*. kilometre (1 
kihuiu'lre—;? of a mile nearly) was roughly 5 in 
Africa, ()./) in America, 41 in Asia (excluding the 
U. S. S. R.), in Kun>pe (excluding tlu- U. S. S.ll.) 
S in the I'. S. S. R, and 1 in Oceania . As com- 
pared with there was a general iiurease in 

births in l!)«4(i and a small (hrrease in deaths. 

Radium E 

Hombarding bismuth with deuterons Dr. »l. J. 
Livingood has obtaiiu*d for the first time radium K — 
one of the intermediate proiiuels (»f the slow’ degrada- 
titm of radium lea<ling to end product inactive lead. 
'I hese experiments have been carried in a laboratory 
of the L’niversily of California with the help of 
eyeiolron of 25 tons. 

Plant Hormones 

Dr. P. W. /iiinmermann of Hoy<*e Thompson Insti- 
tute for Plant Research (N. Y.) has obtained a 
prize of 1000 dollars from the .\inerican Association 
for the .\dvancement of Science for his discovery 
of subst allies favouring growth of ])lanls analogous 
to hormones in tin* animal kingdom. 'Phe most 
active are naphthalene acetic acid, four conqiounds 
of indole and phcnylacetie aeiil. 

Why some Potatoes colour on boiling 

Somelimt's it is observed that potatoes on boil- 
ing lakes a blackish blue colouration. This would be 
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<luL* lo a (Irfitirnry of i)ola.s.siu!n in tiu; s»>il wliitli will 
load to tlic formation of amino-acids which on oxi- 
dation ir'iw rise to the pi/^mcnls. 'I’liis is the thct>ry 
of Prof, 'rollingliarn of the I’liivcrsily of Wisconsin. 

Kotla Firoz Shah 

How in course of a Imntinj^ expedition Kmperor 
Firoz Shah 'ru^hlak noticed the famous Asokan 
Monolith MOW standing in Kotla Firoz Shah. I)t‘ihi, 
and how having determined lo remove it to his capital, 
he devised in|;enious plans and carri(“d out tlie oper- 
ations under Ids supervision, is described in a Memoir 
on Kotla Firoz Shah, just puhiisln'd by the Archteo- 
lo^ical Survey of India. 'I'he description is taken from 
Sirat i-Firozshahi, a Persian manuscript 800 years 
old now in the. Oriental Library at Patna. It appears 
that the pillar was originally at the villaj^c 'Popra 
in the Ambala District from where it was removed 
to its present site. ’I’he removal was ejected by 
means of ropes and pulleys. Packed in recds ami 
hides, and loaded on a Icn-whcclcd cart, the pillar 
was transferred to a boat on the Jumna and conv<*yed 
to Delhi where it was unloaded and then raised 
to the site where the present building was gradually 
constriiclcd. 

'Phe protected monument Kotla Firoz Shah has 
recently been put in order by the A rcluvo logical De- 
partment, and with its spacious and well kept grounds 
adds considerably to the amenities of Delhi. 

Medical Use of Radio-Sodium 

In the Lnited States two j)alicnts sunVring from 
Leucocyth(‘mia have recently been trcatc<l by injec- 
tions of radio-sodium. 'Phis appears to be tin* first 
instance of use of artificial radioactive substances. 
Phe radio-sodium lias been obtained by bombard- 
ment of the chloride by d(‘ut(‘rons pr<jj»-cted by the 
cyclotron constructed by Prof. F. (). Lawrence of the 
rniversity of (’alifornia. 'Phe aetivity of this com 
pound disa])pcars after some hours and henc«- its 
employment is less dangerous than radium. 

Iodine preferable in Aqueous Solution 

According to the recent, iMunparativc experiments 


made in the hospital of Hoston, iodine constitutes the 
best antisc))tic for treating cuts and wounds. Used 
in the form of a tincture with 7% or 8.5% it 
gives rise to certain irritations which are further 
aggravated by alcohol. It is therefore ])refcrable lo 
use an aqueous solution with 1% or even 0.5%. 

Announcements 

Dr A. K. Das, D.Se., has been appointed Dcqmly 
Director «)f the Solar Observatory at Kodaikanal vice 
Dr A. L. Narayana appointed Director. 

Mr L. S. Mathur, M.Sc., has been ajipointed Assis- 
taiil .Me teorologist in the l'pj)er Air Observatory at 
Agra. 

How long will the World’s Power Resources last? 

'i'he ra|)id rate at which the coal and (til n'sourccs 
are being used makes it inevitable that the total 
supply of these two raw materials will be used up in 
the course' of a few decades. Water power and wood, 
though inferior to coal and oil owing to their smaller 
fuel equivalents, are sup(‘rie)r in the sense- that these- 
are prae-tieally inexhaustible-. In the* eeonomie-ally 
advant-t*d e-oun tries spe cially in Kureq)c the most ae-ce-s 
sible waterfalls have alreaely been de‘ve le)pi‘el, though 
in India, water power has bare*ly been touehed. 

Rt*e-t-nl estimates of Amerie-an statisticians 
((larfias and Whetsel) give oil production a life of 
only about 20 years me»re. 

'Phe following table gives the life of world's e'e>al 
supply under various I'reumstaiu-os 
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Science in Industry 

Chemical Industry in U. S. A. 

Acroniiii^ Lo a rfcciil iiolr in llu* Chemical Jt/e 
siirvryiiiji; IIk* cliemical industries in the U. S. A., this 
eoiinlry eontinues to ludd its position as llu* world’s 
largest prodiieer and eonsuiner of elieniieals. 'Hu* 
industry enjoys a favourable position witli sid)statdial 
doineslie sources of supply of sn many of its basic raw 
materials, a huge domestic marktd and an exiensive 
export outh't for the products. It continues lo (‘xpand 
as steady |)rogrcss is made in the development of 
new products and in the imj)rov(‘menl of manufaetur 
ing methods. 

'rhe ease of dyestuff iiubistry is typical. In 191 1 
the annual production was only 4,500,000 lb. and (he 
maniifacliirc was practically a (Jerman monopoly. 
Since then sheltered behind a high tariff wall the 
industry has n^w developed enormously and in 1955 
produced 101,817,000 lb. supplying about 90 to 95'),, 
of domestic recpiirements and even exporting consider- 
able cpianlilies of low priced elementary dyes. At 
present IJ. S. A. occupies the second place in the 
world dye trade for it now suj)j)lies 20 lo 25 ", of 
world production against the (icrman share of 55‘\. 
and the eontribulion of the United Kingdom, the third 
largest producer of about lO^p. 

Alkalis are in increasing demand j)arlieularly from 
the glass, textile, rayon, and chemical processing 
Irades. 'rhe sales of soda ash and caustic soda in 
1955 camounted respectively lo 1,925,000 tons ami 
710,000 tons. It is estimated (hat the eonsumption of 
both soda ash and caustic soda was \i)% higher than 
that in 1955 which was already 9/„ higher than the 
orevious record esta'l)lishcd in 1929. 

Import of Chemicals and Allied Materials to India . 

'rile import of (‘hemi(‘als during the year April 
105() to March 1957 declined by Rs. U) lakhs and 
(hat of coal tar dyes by Its. 45 lakhs. 

Raints and Vahnisiiks 

riiough the total volume of import remained prae 
(•‘•ally stationary, the value decreased slightly fnun 
Rs. S0.5 lakhs in 1955-50 to Rs. 70.5 in l95ti-57. 'I’hc 


following table shows the shares t)f tratlc of the j^rin- 
eipal ctiimtrics and their gain or loss in trade. 


C'ouiitry 

Rs. 

(in lakhs) 

U. K. 

1.7‘75 

( -'' 35 ) 

tlapan 

94 

(- '!) ) 

(fcrinany . . 

7 7 

(-!>> ) 

U. S. A. 

4 

( 1 '75) 

Other ct)untrics 

.S’25 

( 1 ’05) 


Soap 

With the development of Indian soap industry, 
import from fonign countries is steadily diminishing. 
Import of houst hold and laundry soap declined from 
Rs. 2 9 It) Rs. 2 1 lakhs; while that of toilet soap 
from Rs. 29 75 to Rs. 25 5 lakhs. 'I’lie import from 
the ( ’idled Kingdom which secures the largest amount 
of this trade fell from Rs. 27 5 lo Rs. 20 5 lakhs, and 
from otht r countries from Rs. ti S to Rs. 0 5 lakhs. 

ClIKMICAI s 

'riit* total imptirts of chemicals dtadimal from 
Rs. 512 It) 272 lakhs. 'I’lie dtrline is sjirt ad over all 
the separate eommoditit‘s t xeepl disinfectants, niagne- 
siiim compt)untls anti sulphur. lM)llt)wing tabl(‘ gives 
the ligiircs tor st)mc t)f the ])rincipal ct)mmoditics. 



1955 50 

1950 57 


Rs. (lakhs) 

Rs. (lakhs) 

.\ci<ls 

12 

!) 1 

Ammt)nia anti salts (hcrct)f 

U)'9 

109 

Rleaehing powtler 

1 19 

91 

('aleium Carbide 

71 

0^9 

Copper Sulphate 

1 ■ I. 

55 

Disinfectants . . 

(il 

0'8 

(ilyccrinc 

45 

*8 

Magnesium ct)m pounds 

5'8 

1'5 

Potassium (’hlt)rale 

9*8 

01 

Sodium bicarbt)nalc 

7'8 

59 

Rorax 

51 

2't) 

Sodium carbonate 

Oil) 

50*9 

Caustic st)da . . 

H.-J 

5(id 

Sulphur (hrimstone) 

205 

2r9 

Zinc compounds 

94 

Sd 
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l)Kr<;8 AND Mkdicink 

In tin's ^roiip then* was a slip:Iit decline from 
Rs. ‘ill lakhs lo ‘i()7 lakhs. In patent and proprielory 
ineilicincs the imports rose from Rs. to Rs. ‘(i8 
lakhs, the slian* of (Jreat Britain rising from Rs. 2() to 
Rs. 29 5 lakhs, that of Germany from Rs. id to Rs. 
18 lakhs. 

Coal 'I'ah Dvks 

i lierc was a decline of about 15% in the aggregate 
value of dyes obtained Irom ciial lar of this import 
Iraths from Rs. to Rs. 2()1 lakhs. Imports from 

Germany fell from Rs. 201 to Rs. 179 lakhs; from 
1. K. Rs. -U 5 to Rs. ;9i 5 lakhs; from Swil/erland 
Rs. 20 to 15 5 lakhs; from .Japan Rs. 12 to Rs. 10 7 
lakhs; from V. K. A. Rs. 1 1.'25 to Rs. 7 75 lakhs. 

Stainless Steel 

Brof. C. Ci. Bink, Head of the Dept, of Kleelro- 
ehemistry, Columbia rniversity, X. Y. has e<»ntri 
buted an interesting article on “(’hromium” in a recent 
issue of the ScicnUjic Monflilif in the course of which 
he says that though the metal ehromium was dis- 
et^vered by a French elnniist, Vanquelin, in 1797, 
it was only about 50 years ago when the electric 
furnace eaim* into u.se that the problem of making the 
metal chromium or its alloys was loniiiiereially solveil. 

Addition of ehromium to steel makes it harder 
and more resistant to corrosion. We all know that 
iron, which is by far the most important ami ineful 
imdal in modern civilized world, has the unfortunate 
property of rusting when exposed to air specially to 
the highly polluted atmosphere of our cities and in- 
dustrial regions. It has been estimated that the total 
waste through rusting amounts to more than Rs. 1000 
cron‘s per yt ar. 

For a long time the jiroblem of preventing this 
waste has been investigated in the chief metallurgical 
laboratories ol the world, and we can safely say that 
the most important result t)f these researches till now' 
has been the ))roduction of stainless .steel. 

'I’is variety of chrome steel is often called 18/8 
because it contains 18% chromium, 8% nickel and 
the rest mainly iron, and forms more than half of all 
the chrome steels produced lo-ilay. 


Stainless steel is easily workable- can be drawn, 
spun, machined, and welded. This metal is of parti 
-cidar interest to architects, as the most complicated 
architectural designs are faithfully carried out. The 
nictal has an attr.aetive permanent lustre and all 
maintenance expense, such as for painting ordinary 
.steel, which runs into thousands of dollars, is entirely 
eliminated. It is being largely used for: store and 
window fronts, massive entrance doors, interior arch 
trim, ceiling and corridor trim, lighting lixtures, stair 
ca.ses, guard rails, door })1ates, window’ fittings etc. 
More than 100,()UU .sq. ft. of polished stainless steel 
trim cover the exterior of the Kmpire Stale Building 
in .Vmeriea. 

World Power Supply 

It is recognized on all hands that adetiuale supply 
of power lies at the bottom of the industrial and eco 
nomic prosj)erity of a country, 'flu* poIiti<’al ami 
cci'.noinic develojiment which the w’orld has exjierieneed 
in recent years is inducing many nations to be indeju n 
dent of foreign resources in the ni#tter of power 
supply as far as practicable, 'riiough the possibility 
of nnothm* world war is an important consideration in 
this respect, purely economic motives have also 
changed ideas in many connlri«*s in regard to jmwi r. 
in .so far as elforts are being made in general to ex)))oit 
national power resources and to make lhes»‘ availabh'. 
However since all countries do not possess snffieieni 
coal or or oil resources, attemi)ts are being made lo 
use and develoj) other resources sj)eeially those w hich 
are inexhaustible such as water, wood, wind, or even 
the tides and sun’s rays, 
lo 1955. 

Coal-Tar and Coal-Tar Products 

(’oal-tar forms the snbjeel of our this month's 
article for “ Seienee in industry” seetion. C’oal lar 
distillation is one of the most important eiu'mieai in 
duslries of the world to-day and ranks in importaiin 
wdth those of eaiistie soda, sniphurie acid, and indus 
trial aleohol. In India a large amount of eoal-tar is 
either exported, burnt or allow'cd to run to waste. Tln‘ 
article gives a preliminary survey of the teebniial 
and .seientifie side of the subjeet. 'riie author Mr 
A.soke Bose is in a position to write authoritativeI\ 
on the subjeet as he bad the oeeasion to carry mi' 
original investigations in this line while in Germain 
s<»me lime back. 
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Industry of Coal-tar and Coal-tar Products 

Asoke Bose 


'Fhe subject of low-tempcralure carbonisalioii 
seems to have of late attraeted a fi;ooil deal of alien 
lion of scientists and induslrialisls in this counlry, 
interest beirif^ primarily c‘enlred on the production of 
sofl-eoke for domestic purposes from (be non eokiiif*- 
coals. More recently tin* problem of recovery and 
rational utilisation of the tar formed in Ibe process of 
low temperature carbonisation of coal and maniifai tun* 
of motor fuel by fractional distillation of Ibis tar 
have provided added stimulus to research in this line. 
'I’he invesH^iations of Dr. H. K. Sen’ and his collabo- 
rators on the subject with reference to Indian coal 
have brought forth valuable materials as to (hi* possi- 
l}ili(ii‘s of this industry in our country. 'I'his, liow- 
lucr, is merely' one aspect of tin* industry based on 
the process of destructive distillation of coal, ilut 
there are «»lhers wliieh should likewise commeml them- 
selves to serious eonsideralion, »)ne of the.se bein»>; the 
industry of hi^h temperature tar or simply called loal- 
tar, wliich constitutes the basic raw material for the 
manufacture of synthetic dyes, pharmactutieal pro 
ducts, perfumes, /intise[)tics, and other coal-tar pro- 
ducts. 

'riu* process of destructive distillation of orjj;anie 
sid)stane(‘s (that is to say, of heating them beyond (he 
j)«)int of decomposition without access of air) is carric<l 
out for several industrial purpt)s<s, 'I'he principal 
ol>jeet may be either the dry resitluc or the «:ases 
t'voivcd, or else the condensed distillate. 'I'lie last- 
named nearly always separates inh) two distillation, 
iioldin^ in .solution a portion of the distillate; the 
other is formeil by the eonden.sed products in.soluble 
in water, appearing in the form of a more or less vis- 
cid, dark'(‘oioured oil, in some ea.ses lighter, in others 
heavier, than the watery ilistillate, and generally 
known by the name «>f tar. 

While it may be broadly said that the combustible 
portion of all carbonaceous residues, so far as the 
<hemieal reactions throw light upon it, does imt 
present any great diversity and the same may be said 
of the permanent ga.ses formed in destruetive distil- 
lation, the watery distillates differ mueh aeeordirig to 
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the nature of the raw material. In the lase of wood, 
\\hi<*h contains very little nitrogen, these products 
a'r«- of ail acid nature, acetic acid being the most 
imporlaTil, next to wbieb eome methyl ah'hohol and 
aei tofie. 'I’he products originating from fossil vege- 
tabii‘ subslaiiet s, such as pt at and brown coal fornuil 
during eomparalivtdy reeefil geoh)gieal pe riods be- 
have in this respect similarly t») wi»od. 'I’he acid 
re.aeliou i)f llie distillate is freijuenlly (piotiMl as a 
criterion for dislingnishing hrown (‘o:il from real coal. 
Ileal coal, on (he oilier hand, due to the fact of its 
eonlaiiiing a e(‘rlain amount of nitnigi-n, invariably 
yields a watery (list ill. iti* whose reaelion is strongly 
alkaliiu*. owing to the presence of ammonia, and to 
some exttiit, of volatile orgaiiie b.ases. 'The l>ulk 
of ammonia and its salts an* derived from (his sonree, 
rirj,, gas Ii(|iior, ;.c. the auinioniaeal liipior of gas- 
works and coke plants, which is obtained not merely 
by cooling, bnl alst) by washing t>f the gas in the 
siTulibers. 

\ similar dirt'erenee exists in Hit' oily distillates, 
the tars. 'I’he ({uantity and to a mneh greater extent 
the (jiialily of the tar, are inflneneed hy the nature of 
tile raw material and by the temperature at wbieb 
the decomposition of the coal is ell\‘<‘ted. It may be 
said generally, that the tar from peat, brown coal, 
and bituminous sliale consists principally of bydro- 
earbons of the fatty (aliphatic; series, wood-tar of 
pJunols and their derivatives, and coal-tar, on the 
other hand, priiieipally of aromatic hydro-carbons. 
Hut along with the principal constituents there is 
always a large number of other (ompoimds pre.sent. 
Coming to the i-oal itself we find that the higher the 
percentage of ox\gen in the raw coal, the more tar 
and ammonia are formed and the more hygroscopic 
is the coal; on the other hand, the yield of coke and 
gas is less with a rise, in the percentage of oxygen. 

(’oal c'arhonl.sed at a comparatively low tempera- 
ture, that is belween tOO® and (JOO^C. furnishes a 
lar known by Hu: name of primary or low-ieinpcra- 
ture tar, wbieb differs ba.sieally in composition from 
that wliieli is obtained on .submitting coal to a Idgh 
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ltnij)i*raturf carluuiisalion, that is bctworn 1,000*^ and 
1 Ill tlu* loniK-r last* mostly such hydro- 
carbons arc formed as belong? to the parafliii series, 
liaviiif;' the f>;cncral formula , jj with 

olcfini’S, ( ' I I.,j^ 'I'liesc hydrocarbons cannot on 

account of tluir chemical nature constitute the 
starting; mat« rial for the manufactun* of synthetic 
colours and other coal tar products for which pur- 
poses the liydrocarlums of the aromatic series are 
employed, but they art* useful as motor fuel, 'rbey 
arc always aet'ompanied by oxy^ciii/.ed <lerivativcs of 
the benzene series ((phenol), but of these tin* more 
complicated ones jiredominate, in soim* of which the 
methyl ^.roiip (('H.t) occurs in the lanzene nucleus, 
in others it r<'places the hydint|*;en of the hy«lr<»xyl; 

eresol (’.J I., ( (’H.: ) (OH), ^uaiacol (\;H.|(()H) 
(()(’H., ), etc. If, on tin* other hand, coal has been 
dccomiieseil at a very hit’ll tem])erature (between 
1,000^^ and l.iiOO^^), the moh'cules are grouped tjuite 
diffcn'iitlv. Whilst the (difiius and members of the 
acetylene series still occur more or less, the hydro- 
carbons of the paraUin series disappear almost entire- 
ly, and from these are formed on the one hand com- 
pounds much richer in carbon, on the other more 
hij*;hly hydr^enized bodies. 'I’he lattiT always occur 
in the f(aseous state; he.iice the ^as thus produced eon- 
tains methane or marsh ^as, CH.,, and free hydro/i»;en 
as ))riiu‘ipal constituents, and is very much increased 
in (jiiantity. Another portion contributes to the 
formation of iompoun<ls richer in carbon, belon^inp; 
to the aromatic series, ail of which ar<' derived from 
benzene, I'lie action of heat eH'<*els at the 

same lime further molecular condensations, usually 
with se])aration of bydroij;en by which jiroeess coni 
pounds of hi^luT molecular wei#»;hts are formed such 
as naphthaleiiee, anthracene, pheiianthreiK*, ehryscncs 
et<'. 'riu* oxy/»'en which is never absent must also 
contribute towards the formation of phemds; but 
hen* jihenol pniper or carbolic acid, ), pre- 

dominates, whilst eresol and the oih(‘r homolo^ues are 
diminished in (|uantity, and the dioxyhmizenes, ns 
well as the methylated deri\atives disajipi'ar alto- 
^'•cther. 'riiis tar is also formed by tlu! pyro^ 4 'enelic 
decom])osition of the low lemperature tar, for example, 
by subjc'clinii: the latter to a brijrhl red heal, and the 
iiu'chanism tif its formation in the j^as-works ami 

1. Vroceedings of the In>titnti(m of chemists (India). 
June lu.Vt, j»}irt II. 


coke-ovens where coal is subjected to destructive dis- 
tillation at very hi^h temperatures is explained in 
terms of secondary decomposition of the primary tar 
which is believtal to be originally formed in the pro- 
cess. 

Another important factor which determines the 
properties and composition of the tar is the shape 
of the retorts usetl, which causes the vapours to have 
more or less action on the hot material of the retort. 
Where the volatile products arc carried away from 
the hottest place through a narrow pipe, much less 
heavy and more light tar oils are obtained and the 
cok(‘ is more compact and harrier. 

'riu‘ amount of tar obtairu'd from a ton of coal 
varies approximately between 15 and 22 gallons (7 —10 
pm* cent.) in the case of low-temperature carbonisa- 
tion and betwemi .‘J and J) gallons (l.t — t per cent.) 
in the case of high-lempcrature carbonisation. 

As to the erpiality and quantity of tin* chief j)ro- 
tliicts of carbonisation, viz., coke and gas, obtained 
by low and high-tempt*rature carbonisations res)H‘ct- 
ively, the following observations of a general nature 
may be made: the amount of coke i)rodueed from 
every ton of coal in the ease of low tcDiperature car- 
bonisation is about 15 cvvts. as against 1 i ewts. obtain 
ed by the high-temperaturr* process. 'I'lie former, 
called soft coke, is gmierally black in colour and con 
tains about 5 — S per rrnt volatih* matter left in it, 
so that it may be kindled readily in an oprn tir« 
grate, and burns without smoke. It is, however, 
quite unfit for use for metallurgical puri>os(‘S for 
which the hard coke obtaint‘d by the high-temperalun- 
t'arbonisatioii alone is employed. 

In comparison with that of the low temperat un- 
carbonisation the yield of gas in the ease of the high- 
irnit)eralure carbonisation is approximatt-ly double 
that of the former, that is about 10,000- 1. ‘1,000 eul»ie 
feel, but is inueh inferi»>r to the former in respect of 
its lighli.”*'’ power ami heatiiig value. The gas- 
works, however, try above evi-rylhing else to gel as 
much of gas as }>ossible out of the coal, and then- 
fore tlistil at the highest possible temperature 
(1,000 1,200^). The e(»ke obtained thereby is more 

or less of the tpiality as that obtaint-d from coke 
oven.s, that is to say, hard. 

It would appear from what has laa-n said above 
that the high-temperature tar (that is, coal-tar) i*- 
obtained as a by-product in gas-works and coke-ovens, 
where in lM)lh eases the deslruclive distillation or 
earhonisation is carried out at high tem])eratures. 
Coal-tar is a hhu'k, more or le.ss viscid fluid of peculiar 
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sincll and of a s]H*iM(ic f»;ravity varyin^jj from l.l (o 
1.28. It is an «‘xm*<lin^ly ooinplrx inixtiin* of an 
enormous numher of ehemieal eomjmunds, about ilu- 
e\ac‘l constitution of a lar^c numlu'r of which nothing 
(iefinito is known up to this day. 'J’hosc which ha\c 
.Ml far hr<n idi'otiHcil may hr dividrd iiitn hyitrn 
carl)ons, of wliich llic most important arc benzene 
(lienzol) and its homoio^ues, toluene and xylem-s, 
naplithalciK', and anthracene; phenolic compounds of 
which the most important an* plu'iiol, cominoidy call- 
ed, earbolie aeid, and its hoinolo^ues, eresols, and 
xylcnols. A small proportioin of basic substances 
containinj^ nitro^eii, such as jiyridine, and of others 
(‘ontainin^ sulphur, like earbun disulphide, thio- 
phenes, <‘te., is also pn-sent. (’oke-tars do not mate- 
rially differ from ,i»:as-tars. On the wlude they yield 
less benzol and {dienols, but rather inort' anthracene, 
and show slight differences in sp<‘citie ^r.aity (this 
is «;reater in the ease of gas tars in geiieral) and in 
Iluir content of fret* carbon (the insoluble re >111110 left 
on estraeting tar with solvents like aniline, |)yridine, 
toluene, xylene, etc.). 

At first, the tar was nothing but a disagn-eable 
by-product in the manufaeture of illuminating gas, 
which had to be removed at some < xpense. During 
the first period of gas making at the beginning of the 
last century the tar was simply run t<) waste. Some 
alltMUpls Wire made at that time in Kngland to uti- 
lize coal tar by ilistillation, employing tin* volatde 
|)ortions as burning-naphtha and in the manufa<-lure 
of waterproof clothing, in lieu of turpentine. Crude 
tar after lia\ing been separated from the entangled 
annnonia water by allowing it to stand for some time 
was also employed for the j)ur])ose of painting iron 
or steel structural work to protect it from rust, the 
painting of the sides of the houses to render them 
danip-jiroof, and on the roads to allay dust and to 
iiurease their wearing pro})erlies. For all these ])ur 
juises, it has now very properly been re]daced by 
partially distilhsl tar or “refined tar” of which we 
will speak hereafter. 'FIu' use of I’rude tar as a fuel 
<«>iilinues, however, up to this day, but only where 
other uses of tar are too scanty, 'rhe burning of 
ihe tar is mostly done under the gas-retorts them 
selves. Hut at any rate all such attempts to employ 
'■rude tar amounts at best only to a local and ineffi 
eient outlet for this product. A more extensive in- 
'histrial employment of coal tar was first opened out 


by the invention of Hclhell in Germany (in the year 
ItS.'fS) for ])reserving timlxr, espeiifdly railway- 
slee])ers, l)y impregnation with the heavy oil obtained 
by distilling tar. One may say that from that time 
dates the inlroduetioin of tar-distilling on a large 
scale. A very great impetus was given to this imlus 
try by the <liseovery by Ihrkin (d' the first aniliiu‘ 
colour, mauve, in lS5(i, the material which const itiites 
the starting point —benzene being exclusively ileriv- 
ed from coal-tar. 'I'he new industry of coal-tar 
dyestufls recpiired comparatively large tpiantities of 
raw materials, especially benzem , ami at a later 
period, naphthalene and anthraei'uc, and this natur 
ally Icil to a great extension of the distillation of 
coal tar. 

'rile gas-works remained for a long time the ehief 
source of coal-tar. A \ery large (piantity, how- 
ever, is now obtained from the coke-ovens and this 
source may cviuitually become the pndominant one 
in other countries, India included, as it has already 
become so in (lermany, which country now obtains 
lour fifths of her supply of tar from this souria*. In 
recent years a cirtain amount of tar is also being 
obtained from the blast furnaces of iron works, but 
compared to gas-lar and coke-tar this is a vi*ry infe- 
rior ))roduct. Hut from whatever source it is obtain- 
ed- from gas-works or coke ovens -- the distillation 
of tar forms a separate industry. 

riw distillation of tar has for its primarv object 
tin* removal of non-volatile or too little \'olatih‘ eonsli- 
tuciits from the greater portion of tar, contained in 
the form of pitch, and to ell’cet a jireliminary frae 
tionalion of the distillati's. whii’h, in their turn, are 
then worked u|) singly. This can be done only by 
a direct lire, since tin* Ixiiling point of one of the most 
valuable products from lar, anthracene, coincides with 
that of mercury (.'PiO ') with or without llu‘ employ- 
ment of a \acuuni. 'I'lu' distillation can be done' 
<‘ilher according to the intermittent or the continuous 
system. At. the more up to-dalc tar-distilleries in 
Kurope and .Viiicriea, the ^irimary elist illation of 
eru(h‘ tar is carried out in two phases: (1) dehydra- 
tion, the purposi* of whiih is to free the tar from 
the amrnoniaeal lupior so as to jirevent it from boiling 
over during distillation; the more volatile eonstitu 
cuts', vh. light oils, arc also got oil' in this ])roeess, 
.so that tlu* subsecjuent distillation of tar proceeds 
at a quiek pace; and (2) distillation, whereby the 
less volatile* oils are taken out. 

(To be Continued). 
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Wave-Mechanistic Principle Illustrated in Pheno- 
mena of Scattering of Fast Electrons by Atoms and 
Electrons 

III tlie case of seattcrinj^ of a partich? by another 
particle the scattcriiijr foriunia is i(lc*nti(‘al for classi- 
(‘}il mechanics and wavc-mcclianics if the s(‘attcnng 
particle is dillcrcMit from tin* partich' s(^attcr(*d. On 
tho other hand, if both the particles arc identi(‘al 
tin* f«)rmiihi derived on the basis of classical theory 
comes out to b(* (liUcrent from that derived on the 
basis of wave-mechanics. This dilVerence in formulae 
from the two standpoints in the casi* of scattering 
by like particles is utilized in an experiment (h*sign- 
ed by A. Ij. Hughes and S. S. West to d<*t'*rmine 
that the pro(‘ess of scattering of (‘lectrons Iiy a(oms 
is obeyc'd by wave-mechanical laws. 

When a beam of electrons impinges on an atom 
they arc scaU(*r(^d in dillcrent directions, the scatter- 
ing ciMilres being the nuch*us of the atom and the 
electrons surrounding the nucleus. The s<*attering 
due to tlie nucleus and that due to the electrons 
are readily distinguished, by tin* fact that (he 
clei'trons lose no energy wlieii they are scattered 
by atomic electrons. 1'hus the scattering due to 
nuclei is called elastic scattering and that due to 
electrons is <*alled inelastic scatt(*ring. Hughes and 
West (PInjs, l\cr. .10, .‘VJO, ID.’lli) directed a beam ( f 
‘JOOO volts electrons into helium and investigated 
the ratio of number of im*lastically scattered elec- 
trons to the number of electrons scattered elasti- 
cally as a function of the angle of .scattering. It 
was shown in this paper that the results ob(4iined 
were decisively in favour of wave-mc«*hanical 
th(*ory. These investigators repeated the experiments 
replacing ( /V/?/.v. Per. -41, HK17. ) helium by 
hydrogen. In the case of hydrogen also their con- 
clu.sion is that the results are much closer to tho 
values predicted by th(^ cla.ssical theory. 

Helium is a monatomic gas and hydrogen a di- 
atomic molecule. Jn the ca.se of heliuin the beain.s 
of fast electrons are scattered by one nucleus wJierc- 


as in the ease of hydrogen by a pair of nuclei put 
close together and connected by certain inter- 
nuclear force. Thus the elastically scattered elec- 
trons in hydrogen suffers a deviation from the 
scattering due to helium nuclei, which is explained 
as due to a sort of diffraction (*ffect c^iused by two 
diffracting centres placed near to each other. On 
account of this diffraction the elastic .scattering 
formula for diatomic hydrogen molecule a.ssiime.s a 
factor of the form [l + (sin ./•)/./ | where ./• is given 
hy 'Jnd aiw in which is the angle (d‘ 

.scattering, A the electron wavelength, and d tin* 
distance apart of the atoms in hydrogen molecuh*. 
Hughes and West showed that adopting a value 
071A for d, the interatomic distance in hydrogen 
molecule cjdculated from well-known experiments, 
the formula indicated a better lit. Thus it can bi* 
claimed by these investigators that they have de- 
monstrated through their scattering experiments a 
new m(*thod of d(*tcrmining the interatomic .sepa- 
ration in the case of light diatomic molecule.s. 

S. (\ Heh, 

Origin of Coal 

liignin, and not cellulose, is considered to be 
the origin of coal iiiasmiicli as on oxidation bitu 
minous coal yi(*lds appreciable amount of aromatic 
acids which are al.so obtained from the oxidation 
products of lignin. (Vllnlose by a .similar treatment 
givcis o!»ly simple aliphatic aeid.s. Many investi- 
gators maintain the abf^ve view — c.liief among tlu'iii 
an; Fisi^her and Schrader, Bone and his co-workei". 
But recently, Smith and Howard \d. Am, Chem, Sor. 
ili), 2iH, Iff;!?], have succeeded in obtaining aro- 
matic produces from cellulose as well. 

Pure cotton cellulose was earefully heated lx*- 
tween 190®- I00°, in an atmosphere of nitrogen. Tin* 
re.sidue of the pyrolyssls was converted into water 
soluble acids on oxidation with alkaline KMu(l4> 
The mixture of aeid.s was then do-carboxylated 
and among other products, benzene and diphenyl 
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were detected. With the tcmiieratiire ratline up to 
300^, the aromatic carbon is of the same order 
that from Pittsburgh (ioal. During thermal 
decomposition of cellulose it was observed that 
ring structures wore rapidly formed about 200® 
and for coalification process 200®-300® seems to be 
quite a possible range*. Hence the preseiu'c* 
of aromatic substances in the oxidation products of 
bituminous coal docs not conclusively prove that it is 
derived from lignin alone. I\ It. Sarkar. 

Eastern Himalayan Blood Groups 

llugglcs dates in his paper on “Tibetan Blood 
Groui)s” (Man^ 1030, 147) stated that the unusu- 
ally high percentage of 21.1 % of tin* group J // 
may be due to Chinese admixture. Jhit th<* recent 
data obtained from Kalimpong on the above peofjle 
by Dr K. W. K. Maefarlane (Man, 10)17, 15!)) show 
the percentage of J/fto be 5. 3 only. The Tibet- 
ans, according t<» Captain 4Vnnant, who secured 
the data on behalf of Prof, dates from dyantse, 
show a high percentage of A (47. I %) wliile accord- 
ing to Dr Maefarlane they have the highest p(‘r- 
centage of () {40.5 %), that of A being ,35, 7. 
.Vpart from the Cliincsc admixture as suggested by 
dates which may be the case for dyantse only it 
may be that blood group relationships dider mark- 
edly in ditl’erenl parts of Tibet. Dr Maefarlane 
also mentions the striking similarity of the 
Tibetans with the Navajo (American Indian) in 
physical features and in some designs on cloth as 
well as their silver and turquoise jiiwellery. It is 
remarkable that the Tibetans who hav<* their near- 
est Mongoloid neighbours in Nepal and China have 
absorbed very little of which is found in fairly 
high percentages among the latter. Maefarlane has 
also examined blood groups of 7iS Nepalis and 25 
Lepchas, both of whom have the highest ])crcentagcs 
of A but are fairly strong in B, S, S. Sarhar, 

Copper Complex in the Role of Ascorbic Acid 
Oxidase 

Subsequent to the description of a “hexoxidaso” 
in cabbage leaves by 8zent-Gyorgyi several inves- 


tigators have reported the existence of an “ascorbic 
acid oxidase” in sev<?ral plants and fruits. Such 
an “enzyme” was reported to be present in apple 
juice* by Zilva, in the pods of the drumstie. by Sri- 
nivasan, and in cauliflower juice by Hopkins and 
Morgan. K(*rtesz, l)(*arborn and Mack r(*i)ort(‘d 
about the destruction by heat of an oxidizing agent 
in some vegetable extracts. Tauber, Kleima* and 
Mishkind reported the concentration of a similar 
factor from llubbarb scpiash. 

But it had been previously observed that copper 
acts as a catalyst in enhancing tin* acTobic oxidation 
of ascorbic acid /// r/fro and that sodium-diethyldi- 
thiocarbamati* serves as a copper inhibitor against the 
aerobic oxidation of vitamin C in ajpieous solulion. 

An observation that diethyldithiocarbamate 
completely ijihibited the* aerobic oxidation of ascor- 
bi<* acid in encumber jnicc*, which is very aetivii 
catalytically, led to a study based on tin* hypothesis 
that cop[)(‘r was (‘hielly responsibl? for the catalytic 
eHeet of “oxidase” preparations. 

Stotz, llarrer and King ['/. Bio/. ('Innn. IIU, 511, 
l!137] approached this problem from two points of 
view : (^0 the <‘ffe(*t of a seri(‘s of copper inhibitors 
upon ty])ical “enzymes” and (/d a comparison of 
the repi>rted ‘Vnzym(‘s” with copper plus protein. 
From the result of their experiment these authors 
come to very important conclusions. They conclude 
that coi^per may be combined with i)roteins in such 
a manner that it retains its catalytic role in the 
oxidation of ascorbic acid and that the catalytic 
activity of sciuash and cauliflower juiccjs on the 
oxidation J)f ascorbic acid, i)reviously ascribed to a 
spe<*itic. “oxidase”, is dm; to the copper present in 
combination with protein material. Copper inhibitor.s 
have been found to prodiuic nearly complete imisoii- 
ing of the “(*nzymcs” and a mixture of copper and 
albumin assumes the characteristic properties of 
the “enzymes”. Althougli this particular paper 
deals with results obtained with cauliflower juice, 
purified squash “oxidase”, cucumber juice and 
cabbage juic(*, the authors suggest that the other 
“a.scorbic acid oxidases” described in the literature 
are in-obably not e.s.scntially ditlerent from these. A 
study of several other vegetable and fruit juices 
will surely verify the above conclusion. //. A". B, 
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Indian Chemical Society 

An ordinary incctinjj: of lli(‘ Indian Ch(*mical 
Socioty was li(‘ld on tin* 7tli So])t<*ni])(‘r in the 

Chemistry liOd lire Tlieatn*, I’niversity (.ollegt* of 
iSeienco, Cahaitta. 

Prof. J. C. Ghosh, President, was in tlu‘ chair. 

The followinj^ jji-ntlcinen were admittc'd as 
Fellows of the Society, their subscriptions having 
been received for tin* first tinu*. 

(I) Constant Willem Pieter Van <lcr .Movdorn, P'scj. 
Imperial Tnsttt .lc of Sui^ar Terlinoloj;y, Cawnpore, (2) Dr 
Asoke Nath Hose, use., Dr. Ing. 1, Woodhuni Park, Calcutta 
(.1) Dr Iv McKenzie Taylor, M. 11. Iv., Pli. D., 1). Sc., P. I. C. 
l)irect<ir. Irrigation Research Institute, P. W. !>., I.ahorc; 
( I) IJala Krishna Meuoii Ksq. M. Sc. A. I. I. Sc. rniversily 
College, Rangoon, Ilurina ; (5) Maung Po Thu, ICscj. M.Sc., 
University College, Rangoon, llnrma; ((*) YeoScin (iwan, 
Psq. Il.Sc., University College, Rangoon, Ilurina; (7J Mating 
San Tun, P7s<j. II Sc. University College, Rangoon, Ilurina; 
(H) Champa Ual Ksq. lvxerntiv<? Kngineer, I.udhinna ; 
(0) K.U. Roy, K.sq. M.vSe, ‘12, Upper Circular Road, Calcutta. 

'riio following gentlemen were elected as F(*lIow.s, 
Jlr P. Pay and Dr J. X. Mnkh(*rjc(‘ acting as 
scrutators. 

(1) Saile.sh Chandra Sen, M.Sc. Sugarcane Re.search 
Stati<»n, Piisa, llihar, (2) M. Raman Nayar, Ksq. 11 A., A. 1. 1. 
Sc. Lecturer in Chemistry, laicknow University, J.ticknow. 
(3) Dr. P. N. Brahmachari, M.Sc. M.Il., P.R.S,, 82/3 Corn- 
wallis Street, Calcutta. (1) K. R. Aggarwal, Ivscp Jl.Sc. Tech, 
10, Street, Jullundur Caiitt. 

Dr. V. Basil, read a paper on “Acridine deriva- 
tives a.s antimalarial.s’\ 

JVof. J. (J. Ghosh delivered a lecture entitled 
“The Directing Inihicnce of IJglit in the process of 
forination^\ 

Anthropological Society 

The second ordinary meeting of the Anthropo- 
logical Society was held on the 10th .<Viigii.st, 1937 
in the .Anthropological Department, (Calcutta Univer- 


sity, at 1-30 p.m. Mr »J. K. Bose read a jiaper on 
“Fttect on ciilture contact on the “Garos’^ under the 
presidency of Prof. K. P. Ghattopadhyaya. Messrs 
T. C. Boychowdhiiry, xX. K, Bose, T. U Das. M. N. 
Basil and others joiii(*d in the di.scnssion. 

The National Academy of Sciences, India 

The ordinary montlily meeting of the Xatioiial 
.Academy of Scieiicc.s, India, was held in the Physics 
Lecture Theatre, Muir College Buildings, Allahabad, 
on the !.3th .August, liK37, at 1 p.m. Prof. D. R. 
Bhattacliarya, V’^iee-Presideiit of the National 
Academy, was in tlie (3iair. 

The National .VcadiMiiy of Sciences, India, c.n- 
pressed its great sorrow at tin* sad and untimely 
domi.se of Mr K. P. »laiswal, Bar-at-law, Patna, a 
member of the Academy. 

It was tl(‘cid(‘d to award the Education Minister’s 
Gold M(‘dal in Mathematics this year. 

Tin? following papers were read and discussed 

1. On the Salivary glands in the order (V)leoptera, 
I*art I., The Salivary glands in the family 
Tenebrionidae, by Mr R. L. Gupta, Lucknow 
University. 

L\ New Strig(*ids (Trcinatoda) from Indian Birds, 
by Mr R. D. Vidyarthi, .\llahabad University. 

3. The Mathematical 1’hcnry of a New Relativity, 
Cliai>t^*r XV, The Rotational Theory of Light 
and Matter, by the Hon’ble Sir Shall Muhammad 
Snlaiman, Kt., Chief dnstice, High iVinrt, 
Allahabad. 

4. On Parachor and 'riiermal conductivities of 
IMetallic elements, by Mr Binayeiulra Nath Sen, 
Bnrdwan Raj College, Burdwan. 

5. T\w. Inverse Sqnairc Law, a demonstration, by 
Mr Saiyid Mnhaminad Muqtadir, Allahabad. 

t». Fungi of Mnssoorie, Part L, by Prof. J. H- 
Mitter and Mr R N. Tandoii, Allahabad (Jniver 
sity. 
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The Effect of Vitamin C and other reducing 
Stthitances on certain Toxini. 

Tho inai'tiv.'itioti of diphtheria toxin hy vitamin C' in 
eifro has been inveslijrated by several workers' and also 
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recently by ns, especially with reference to the inachanisni 
of the inactivatiii" etiect as exerted on <liphtheria and 
tetaniH toxins. Onein. 1. d. ofdiphtheria toxin isincai>ahle of 
prodncinir symptom.s in );*ninea*i)iL»s if it is previously 
mixed with 25 mir of ascorhic acid. In an investij^ation of 
the n itnre of this nenlraH/inj( action the cllect of mixiii]^ 
tin* toxin with other redneiiij( snhstanees like evsteine, 
j(lnt:»firu>ne and hy«lro(|ninone was .studied. These rednciiif^ 
a;»entsi wen* likewise found capable of inactivating the toxin. 
Similar results were obtained with tetaiins toxin, and 
ascorbic acid, cvslcine, jrlutatliiono atnl liydnKjninone were 
all found to proilnce the .same iiiaetivatiiin effeet (Tables I 
i'sill). The animals whieh are slated in the tables to have 
.snr\ive<l are still healthy even after 1-2 months. The 
inaetivation may, therefore, apj)arently he due to the 
rednelni; arlion. Similar results have been obtained by 
(fioolteii and ne/'ssonolT* in their stndy of the elTeets of 
ascorbic nci<l and liydro(|ninone on whoopinj» con)j[li bacil- 
lus. Iiijeetion of ascorbic acid after injection of the toxins 
also appears to prorluce a favourable effect. 

It wonhl seem that the use of redneinjij substances like 
a.scorhic acid, cysteine and f»lntathione affords therapeutic 
po.ssir)ilities in infections of the type mentioned above. The 
subject is ninler further investijtatioii, particularly with 

n 

Toxin. 


Weights of 
gritnea-pigs. 

(in 8 ) 

Control (I m. 1. d. 
toxin). 

survival period 

1 in, 1. <1. toxin mixed with 

Ascorhic Ascorbic Ascorbic Hvdro((ni- (fluta- Cyst- 

acid acid acid none thioiie teine 

(100 mg.) (.50 mg.) (23 mg.) (25 mg.) (25 mg.) (25 mg.) 

280 

4 days 


29.5 



282 


survived 

270 


-do- 

290 


-do- t . • • . . 

280 


. . survived 

275 


, . -do- 

270 

3 days 


27S 


, , . . . . . . • . « . 

295 


. . . . survived 

260 


. . . . -do- 

265 


survived 

290 


. . . . . . -do- , . 

290 

§ • 

. . . . . . . . survived 

270 


. . . , . . . . survived 

260 

• • 

. . . . . . • • -do- 
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reference to the elVt'ct of the ingestion ainl injection of these 
rerlncing siihstaiuTs on tl.e course of llie intoxications. 

Department of Api)He<l Chemistry, 

Thiiversily Colh-ge of Science, B. Ghosh. 

Calcutta. B. C. thiha. 

14.9.37 

1. King ami Menten, J. Nwir., ]0, 137, 141, 1932; Otto, 
Kl\n, WocK i5, 1510, 193(.. 

2. ('irootten and He/ssonorT, Ann, Inst. Patttenr, Sfi, 
413 , 1939 . 


The Role of Carotene in Hetaboliam of Fats 

The seasonal variations in the Reichert values, iodine 
numhets, carotene and vitamin-.\ contents of hutter fats 
have been .studied. About h to IS samples prepared in 
each month were analysed for the above values and it 
was observed that these values tend to be higher in winter 
(November to February) than in autumn (July to October). 
Prima facie, the results obtained are contra<lictory to the 
data obtained in Western countries wliere the 1owe.st 
Reichert values and carotene contents of butter fats have 
been obtained in winter. These facts led the author to 
.suspect that factors other than the climate or lateness in 
the period of lactation of the cows arc probably playing 
.some role in the modification of the Reichert values and 
iodine numbers of butter fats. The nature of the feeding 
stuff is perhaps the predominant factor, for it undergoes 
considerable changes rluring the rain.s and in winter, par- 
ticularly in its carotene content. In the eastern parts of 
Bengal (Vikramj)ore, Dacca), wherefrom the author 
purchased all his samples, the pasture lands are under 
water during the rains, and the cows live mainly 
upon hay and .straw of low carotene content (0.28 mg 
per 100 g.) and a .small amount of concentrates like rice- 
meal and oil-cakes, On the oilier hand, during winter 
(unlike what happens in bhiropcan countries) the actual 
grazing period begins and the pasture fiehls are now full 
of grasses ami leafy vegetables of high carotene content 
(2 to S mg of carotene per g.). The above facts are of 
oonsiderahle physiological inij)ortance, for apart from 
several influencing factors, the Reichert value indicates 
the extent to which the oleo-glycerides present in blood 
have undergone oxidation and iodine number is a inca.snre 
of the diflerence between the desatiiratioii and oxidation 
pn)ecs.ses which form the ha.sis of fat metaholisin in the 
the living organism. 

The detailed paper will be published elsewhere shortly. 


My best thanks are due to Principal T. C. Byod for 
his kind encouragement. 

Department of Chemistry, Sailendrn Mohan DasGupta. 
Medical College, 

Calcutta 
13. 9. 37. 

Condemation of Reiacatoplienone with 
Ethyl Acetoacotato 

Agarwal and Dull' conden.sed re.sacetophenone with 
ethyl acetoacetate using either .sodium elhoxide or sulphuric 
acid as the condensing agent and isolated 7-hydr<ixy 0 
ncetyl-4-inethyl eoiiniarin (I). 



O 


(1) 

The above reaction may also pro<lnce 7 hydroxy- 1 
acelyl-4 methyl cr>ninnnn (JI) as in the case of the cf»n 
densation of // V ♦*‘^<>rcyla]dehyde with ncctoacetic e.ster’. 


C-CHj 



uu 


While studying eonden.sations of this type we have found 
that resaeetophenone does not condense with ethyl :iccl<»- 
acetate in presence of alcoholic .sodium ethoxide {ef. Desai 
and Hamid*) under the experimental conditions of Agar 
wal and Dull* and the product isolated by them after 
rrvstallization from benzene, in. p, 147", is found to niell at 
142" and is unchanged re.sacetophenone, and it does imt 
depre.ss the in.p. of resaeetophenone. F'urther on Cleninien 
sen’s reduction it gives ethyl rcso.-cinol (in. p. and mixed 
m. p. 97"), which condenses with ethyl acetoacetate to give 
7-hydroxy-6-etliyl-4-inethyl coninarin (ni. p. 210") identical 
with tlie coumarin obtained from ethyl resorciiu'l 
prepared by Clemmensen’s reduction of pure resacctoplu* 
none. 

It is peculiar that Agarwal and Diitt’s .so-called . - 
hydroxy-()-acetyl-4-iiielhyl couniariii (I) differs in -d 
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respects from 7-hydroxy-6 acctyl-4-melhyl coiitnariii discrih- 
ed previously by Limaye and (langaP 


7-IIydroxy-^)acetyI 
-4 - 111 ethyl coumarin 
(Umaye and (>atigal^ 

111 p. 210* 

Seinicarlia/.one, iii.p. above 300' 
Acetate, iii.p. 172* 


7 - Hydroxy-b-aretyl- 
4-inethyl coumarin 
(Agarwal and Dutt') 
ni.p. 147* 

Seinicarba/oiie, m. p. 1S3' 
Acetate, iii.p. 1 20-21 • 


Cbeiiiical Laboratory, 

University College of Science, D. Chalcravarti. 

Calcutta. N. Chakra varty. 

20. 0. 37. 


1. Agarwal niul Dutt, J, Indian Chem, Soc, 10<), 
1037 

2. Weiss and Merksaiiiiiier. Mtmatnh, 50, 102S. 

3. Desai and Hamid, Current Science , 50, 1037. 

4. Liiiinya and (hing.nl, Kaanyanam, i, 20, lOJo. 


Molecular Deformation at Low Temperaturee 

Pyramidal molecules of the type YX, where X is a 
polarizable atom like chlorine, are being investigated at 
the temperature of liquid air, with the help of their 
Raman spectra, to examine any deformation of the pyra- 
mid under the influence of ‘crystalline’ forces due to the 
solid .state. Interesting results have been obtained with 
some of the tri-halides of the elements of (Iroup V in 
Mendeleeffs periodic table, in that .several degenerate 
frequencies arising from the .symmetrical nature of the 
pyriainid configuration are ob.served to split up into their 
components. The results for pho.sphorus tri-chloride have 
been published and discussed in detail’. Relow are given 
in short the results at different states and temperatures 
for arsenic and antimony trichlorides. 


AsCl, liquid (3rC)— /fv 

158 

195 

370 

405 

Intensity and nature— 

(5) 

(2s) 

(5b) 

(bs) 

Symmetry character - 

K 

A. 

E 

A, 

AsCl. solid (-180*0- 

J ^55 

1% 

(357 

3‘»2 


1 168 


1373 


SbCl, solid (.3l«C) - 

147 

171 

312 

338 

SbCl, solid (.180*C)— 

f 138 

178 

( 310 

338 


1151 


i 317 


It is to be noted, from 

the 

results 

with antimony 


chloride, that the degree of splitting of the degeneracy 
is influenced by temperature, and is not solely determined 
by the state of the substance only. 


Investigations are in progre.ss with similar molecules, 
and results are to be reported shortly elsewhere 

Department of Chemistry, 

University College of Science, Jagniinath (lupta. 

Calcutta, 

7. 9. 37. 

1. Sirkar and Oupta, Ind, J. Phya, 11, 5.1, ( U^37). 


Ob the Opiathecoeloua Vertebra in Birds 

Regarding the shape of the vertebrae in birds (Goodrich 
in hhhcioV Structure and Development of Vertebrates, 
publi.shcd in U>30 has .stated on page 63, “Opisthocoeloiis 
vertebrae occur in .some carinate such as Penguins, Auks, 
Parrots, Darters, and Cormorants ; and ])rocoelous verte- 
brae more rarely in the tail (Parker). Hut the characteri.s- 
tic and usual articulation is saddle-shaped (heterocoelous).” 

Recently in connection with my study of the vertebral 
column, I found that in a parrot Palaeornis torquaias the 
cervical vertebrae are all heterocoelous. It is only the 
thoracic vertebrae that arc all opisthocoelotis. On consul- 
ting literature I could find that as far back us 1806 Newton 
in his book A Dictionary of Birds, page 850 stated the 
same thing regarding opisthocoelous vertebrae in Psittaei, 

Zoology Department, 

. Calcutta Univer.sity. llimadri Kumar Mookerjee. 

3. 0. 37 


A Note OB tho ABolytical Proof of KIrcboff'i Low 

In a recent is.sue of SciKNCK .\Ni) Cui.irRK’, Mr B. 
Mukhopadhyay has given what he considers to be .in 
analytical proof of lyirchofTs Law', that “radiation 
emitted by the wall of uniform temperature enclosure 
at any ])oint inside it is the same everywhere, i. e., 
independent of the position of the point with respect 
to the walls of the enclosure.’’ Stated in other words, 
the law means that the radiation density is the same 
at every point inside a uniform temperature enclo.siire. 

The point of the present letter is to point out that no 
purely analytical proof, as Mr Mukhopadhy<iy ( if 1 under- 
stand him aright) claims to h.ive given, can be provided 
f€>r. It is w’ell known that to prove KirchofTs law' the 
second law of thermodynamics h.is to be introduced at one 
•stage or the other of the argument. To prove Kirchoff's 
law an appeal has always to be made to the second law 
of thermodynamics ( at can be seen in any standard text 
book on thermodynamics). 

The fallacy that Mr Mukhopadhyay makes in his proof 
is to assume that “for temperature equilibrium the heat 
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receiveil must he the same for all positions of the spluTe.” 
The sphere referre<l to above is a small test sphere put at 
any point inside the emdosure. Now this assumption is 
obviously wronj'. I‘or, temperature equilibrium means that 
the heat received hji the ieet^aphere must equal the heat 
emitted,* and not that the heat received must always he. 
the same, as assumed by the author in his letter quoted 
above. 

On the assu:n])lion that the heat received is the .same 
the so-called “analytical ]>roof” of Kirchoirs law follows at 
ouce; blit the assumption is fiiiidaiiientally iucoriccl. A 
correct dciivation of the law innst make use of the second 
law of thermo<l>iiamics, and cannot be purely analytical. 

OkwuI Jain Hifih Schofd, 

Ajmer. Duleh Sinha Kothari. 

12. 9. 37. 

1. »SCIISNCK ,\N1) CUI.TI'RK, S, 1 1^37. 

Magnetic Propartiec of Cobalt Oxido 

COjO^ was prepared by heatirijif cobalt nitrate and its 
ina[>netic susceptibility (x) determined at ilifl'erent tem- 
peratures. As appears from the table below X chanj^es 
slijjhtly with each heating. 

'Paiu.k 1. 

Hr.st heating Second heating 


Temp. (®c) 


Z.10‘ 

Temp. (®c) 

X. 10' 

33 


28.9 

31.4 

25.9 

134 


23.4 

126 

20.9 

203 


20.8 

191 

19 4 

280 


18.7 

266 

17.5 

324 


15.6 

328 

16.5 

369 


15.0 

375 

14.9 

406 


13.9 

407 

14.2 

431 


13.4 




* This simply is a statement of the first law of 
thermodynamics (energy - conservation) applied to the 
body receiving and emitting heat, for if the thermal slate 
of the body remains stationary, i. o., its internal energy re- 
mains constant, then the first law ■ re(|oires that the heat 
rec?ived must eiiual the heat emitted. Mr Mukhopadhyay\s 
a.ssuniption has no such justification. 


The mass susceptibility at room temperature as obtained 
by us is definitely lower than the values given in the 
International Critical Tables. The — . 7’ graph is convex 
towards the temperature ax»s. 

The oxide was then heated to 900*C for four hours. The 
value at room temperature increased ; but was found to be 
the .same in different niagnetic field.s, showing that there 
has been no decomposition into a ferromagnetic compon- 
ent. Analysis gives a formula CoO, :pO, wiiere M‘=.0b, 
Ktfect of temperature on the product of heating shows that 
is practically straight with in the range investigated 

i.e., from room temperature to 330*C. The values are 
given in the next table (sample T). 

Another sample of Co,()^ was prepared by allowing 
cobalt formed by electrolysis at niercurv cathode to oxidize 
.slowly, but the product was foun«l to contain some metal- 
lic cobalt which did not oxidize easily. It was then heated 
to 000"C for 2| hrs at the first instance and then again for 
U hrs, and X determined at different temperatures each 
time. The values are given in the table below under 
sample II and .sample III re-pcctively. 

Results of sample II shows that oxidation is not yet 
complete. Analysis of sample III shows that the forninla 
may be repre.sented by CoO. xO, with x^ 20. Samples I 
and III contain mostly CoO with slight excess of oxygen. 


The value for pure 

CoO is, thei 

reforc. 

about 50.10“. 

The 



1'abi,k 

11 



Sample 

I 

Sample 

II 

Sample III 

Temp. (®c) 

z.io« 

Temp, (c®) 

;fip* 

Temp, (‘c) 

a:. 10“ 

31.3 

59.9 

30 

71.0 

31.7 

5H.7 

123 

53.1 

115 

62.2 

116 

52.4 

182 

49.0 

164 

58.1 

169 

47.3 

251 

44.5 

242 

51.3 

223 

43.1 

330 

41.6 

298 

47.0 

281 

39.2 


International Critical Tables give 14.5. 10-* for this value. 
Klemm and Sebuth' finds in CoO a transition between ferro- 
and paramagnetism, 

It is difficult to say in what state this excess oxygen 
occurs in the compound. It can either be combined in the 
form Co,0„ or may be di.ssolved in CoO. X-ray methods 
are being applied to investigate this point. 

University College of Science, 

Calcutta. A. K. Bose, 

17.9.37 I). P. Ray-Chaudhuri 

1. W. Klemm & W. Schuth, ZeiU f. anorg, u.allg- 
chem» 2S, 210, 1935. 
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On the So-called Coulaonite 

With reference to Dr P. B. Sarcar’s letter on “coulso- 
nite” in the August nuiuher of Scikncu & Cultjrk, p. 122, 
1 would point out that ill Dr J. A. Du nil’s and my paper* 
we clearly stated that Mr N. Ray detected vanadium during 
his analysis of the Duhlahera ore before it ha<l been con- 
firmed by the Imperial Institute or the (icological Survey 
of India, and in the discussion (p. 193) I again stated that 
its presence had first became known after analysis made at 
the University College of Science, quoting the precis of 
Mr N. Ray's paper in the Proce^inga of the 19th Indian 
Science Congiess (1‘)32) p. 212, though pointing out that 
the locality is not given in the precis. This is the only 
published account of Dr Sarkar and Mr Ray's investiga- 
tions, of which we are aware, and runs as follows : 

‘‘Chemical examination of some vanadiferrous 
ilnienites of India", by Nirnialendunath Ray. Calcutta. 

“Vaiiadiuiii was discovered a century ago in certain 
Taberg (Smaland) iron ore. Certain ilmeniles have 
been found to contain traces of vanadium. The author 
has recently examined a few specimens of Indian 
ilnienites which aie characterized by their high per- 


Trana. Minivg & (Jeol. Inst of India, XXXI, Pt. 3. 

p.120) 


centage (5f6) of vanadium. Complete chemical analysis 
has been done and its composition deiermiiKMl". 
{Proe. of 19th Indian Science Congreaa, p. 212, 1932J. 

Apart from the omission of the locality, ar.d of any 
reference to Dr vSarkar’s name, it must be admitted that the 
“few specimens’’ of the precis docs not (juite give the 
impression of “over 30 samples’’ on which Dr Sarkar’s 
letter informs ns the analyses were made. We have given 
full crerlit to Mr Ray as being the original analy.st of these 
vanadium-ores and Dr Sarkar siiould not blame us for 
“hiding his light under a biishel’’, when his name was not 
published in the only account of the investigations avail- 
able to us. His chemical analy.ses were made on aggre- 
g.ates of the many minerals listed in our paper, whereas we 
have .shown that the vanadium in these mixtures is con- 
tained in a definite iniiieral isoniorphous with magnetite. 
We do not claim “coul.sonite’’ to be a .species but rather a 
variety. We are content to leave the mineral a.s described 
to the approval of mineralogists, and for the remainder of 
Dr Sarkar's letter must refer him to our paper and the 
disi'u.ssioii thereon, and to miiieralogical literature more 
recent than 1 899. 

(icological Survey of India, 

Calcutta. A. K. Dcy. 

14. 9. 37 
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Annual Report of the Imperial Council of 

Agricultural Research— 1936-37 


The Inipcriiil (Vnniril of Kt* 

si'iircli was estahlislunl sovoii years ajio on the 
reconiinendation of the Royal (\)nnnission on 
Aj^rienltiire. Under the able j^nidanee of Sir T. 
\'ijayarafthavaeliaryya and Sir JR'yee hurt, the 
(‘ouncil has not only initiated researelies of far- 
reaehiny: character and revitalized the research 
sections of the provincial agricultural depart- 
ments, but has also been able to eidist the co- 
operation of university professors in solvinfr 
problems of fundamental interests, 

AVith the (’hairman of the Royal (Commission 
on Ag:riculture installed as the. Viceroy of India, 
the activities of the Council have naturally re- 
ceived a further impetus. Thouj*}! aj»riculture is 
a provincial sulijeet, the expenditure of tlie 
Central (Jovernment on afiricultural research is 
steadly increasiiij^, and durinj? the year under 
review, the actual expenditure on research 
schemes alone has amounteil to 17 lakhs of rufiees. 
This expenditure is exclusive of the cost of main- 
tenance of the Imperial Institute of Agricultural 
Research at Delhi and its siflistations, the Imperial 
Institute of Veterinary Research at Muklesar, 
the Institution of Animal Nutrition at Izatnaarar 
and the Imperial Institute of Suj^ar Techno- 
logy at Cawnpore, and the costs of the head- 
quarters* staff with the (lovernment of India. 
Periodical review of the researches carried out 
under the auspices of the Imperial Council of 


Agrieultural Research by competent experts 
abroad was considered desirable with a view to 
find out if the progress has been satisfactory, if 
the schemes of research could be better co-ordi- 
nated, and if the funds at the disposal of tlie 
(.'ouncil could in any way be better utilized. At 
the invitation of the (Vmncil Sir John Russell and 
Dr Wright visite<l India during the last cold 
weather. They came in personal co?itact with 
the risearch workers in agricultural and veteri- 
nary sciences and discussed their programmes of 
work in detail. Their rei)orts have just been 
published and a short summary is given elsewhere 
in this issue. 

Expenditure on research schemes relating to 
Sugar Industry is the largest single item in the 
budget for 193G-37. A sum of 3 lakhs of rupees 
approximately has lieen provided to finance (a) 
sugar cane research station in the various i.)ro- 
vinces, and {b) schemes of research relating to 
eane diseases, structural anatomy of sugar-eane 
and genetics of sugarcane and (c) for the supply 
of technological and marketing information. 
Perhaps the most important advance in the direc- 
tion of sugar research was the decision to convert 
the sugar section of the Technological Institute 
at Cawnpore into an Imperial Institute of Sugar 
Technology at an estimated cost of 14 lakhs of 
rupees spread over a period of 5 years. It is in 
the interest of the country at large and also of 





ANNUAL REPORT OF THE IMPERIAL COUNCIL 
OF AGRICULTURAL RESEARCH— 1936-37 

the manufacturer of suf(ar that .schemes of sukhi* 
research should be liberally liiianced. The 
Uovcrnineiit of Imlia used formerly to derive a re- 
venue of 10 erores of rupees from import of 
siif^ar. That ineome has almost been wiped out 
completely in view of the hit»;h tariff wall, and 
the newly impo.sed excise duty has been a very 
inade(|uate compensation. Heavy responsibility has 
therefore devolved on those who are resi)onsible 
for su^'ar research and for the traininj^ of sugar 
technologists. The Nation expects of them speedy 
results- -results which will enable the Indian 
sugar industry to hold its ow'ii in the home 
market more or less on free competitive terms. 

The next single largest item of expenditure 
relates to marketing schemes which absorb about 
2 lakhs of rupees. The All-India Report on the 
marketing of wheat was imblished in April UbH. 
Marketing surveys of other commodities, c.g.. rice 
and paddy, lin,seed, groundnut.s, tobacco, barley, 
hides and skiius, eggs, etc., are in progre.ss and it 
is hoped that the reports embodying the results 
of these surveys will soon be available. The 
Agricultural Produce (.trading and Marking Act 
of 1937 empowers the (fovernor-deneral in Coun- 
cil to make rules inter-alia, for grade designa- 
tions defining the quality of agricultural i)roduce. 
It is to be hoped that these activities will bring 
lasting benefit to the ryots of India, ('on.sider- 
able doubts have however been expressed in 
re.sponsif)le quarters whether lhe.se marketing 
surveys will be of any value if they are not linked 
up with the corresponding development work in 
the provinces in associatuiu with co-operative 
marketing societies. The fate of the hhnpire 
Marketing Hoard in the United Kingdom, of which 
these Indian marketing organizations are really 
offshoots, does not encourage the hope that in 
India also their activities will be less critically 
judged, and the Imperial Council of Agricultural 
RtvsCvarch will do well to take frequent stocks of 
what ii being actually done in the line. 

The co-ordinated schemes relating to rice 
research cosV the Council Rs. 175,000/- approxi- 
mately. The resel?:ch .stations are located in the 


major rice growing provinces of Bengal, Bihar, 
Orissa, Madras, IJ. P., and Burma. Hybridization 
work for better yielding varieties, or for vaicties 
which conform to specific trade requirements like 
the Blue-rose, is now generally in the fourth year 
ami points to promising results. Much valuable in- 
formation has been obtained regarding the age of 
seedling for transplantation, the nutrition of the 
rice-plant and the conditions favourable for maxi- 
mum grain-formation. 

A sum of 90,000/- has been provided for fruit 
r€\search schemes in the various province.s, incluil- 
ing researches on the diseases of the cocuanut palm 
in Travancore. The Royal (Commission on Agri- 
culture drew attention to the need of extending 
cold-storage facilities in the marketing of perish- 
able agricultural produce. The Imperial (.\)uncil 
of Agricultural Research built some time ago a 
cold-storage station at Poona with a view to faci 
litate the export of mango to Kngland. (Consider- 
able developments have taken place during 
the year in this direction due in a large measure 
to the active interest of the army authorities in 
the problem of refrigerated transport. The Indian 
C^dd-.storage Company has been formed for the 
erection of cold-, storage depots at about a dozen 
places in north- we.st India, and the 1. (\ A. R. have 
been placed in funds up to one lakh of rupees for 
helping this project. 

Another problem which has engaged the seri- 
ous attention of the J. V. A. R. is that of dry 
farming. The distribution of rainfall in India is 
very uneven. Besides the rainle.ss tracts of Sind 
and Rajput ana, there are areas in Ikmibay, 
Madra.s, the Punjab, and (^uitral India, where 
the rainfall is scanty, and sueee.ssful agriculture 
depends chiefly on conservation of moLsture in 
the soil and on discovering of drought-resisting 
varieties of plants. Trials with jower, setaria. 
sorghum, .safllower, etc., ai‘e in i)rogress. This 
chain of dry-farming .stations are being maintain- 
ed at an annual cost of Rs. 75,000/- approximately. 

The sands of Sind, Baluchistan, and Rajputami 
are of no economic value to the agriculturist, but 
they have to be watched carefully as they are the 
breeding places of the de.sert locusts. The activities 
of the locusts of the ‘ solitary phase * type were 
kept under observation on an intensive scale; nn 
instance of * incipient * swarming was observed ii* 
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the Kolwa area in February- April The 

problems of mass multiplieation and mif'ration are 
beinji: studied alonj? promisinj^ lines, and we hope 
ill a future issue to pulilish an artiele on Loeust 
lieseareh in India and ils relation to international 
attempts at loeust control. 

The keen personal interest of His Kxeelleney 
the Viceroy has driven eonsiderable im])etus to the 
activities of the Council in improvinj^ Indian 
livestock. It is j»:ratifyinj»‘ to note that the Animal 
Husbandry Wins of the Hoard of Asrieuliure has 
taken important <lecisions for the supervision of 
castration, vaccination and other livestock im- 
provement works and for combatiiiff diseases 
amonj<st cattle. Many healthy breeds of cattle 
have been practically extinct from India for want 
of proper care, and the first duty of the (V)uneil 
has been to carry out propaj^anda work for 
improviufj Indian livestock. The (k)uneil has very 
rijifhtly decided to adopt this measure as part of . 
their proH:ramme for the imiirovement of domes- 
ticated animals. In connection with this problem, 
the decision of the CVnuicil to look into the question 
of fodder crops and to take steps for improviii”: 
the dairy industry is very welcome. 

The Council has spent a sum of lis 120, GOO/-' 
approximately for the investigation of the 
(liseases of animals in the jirovinces, ami their 
mo<le of prevention. The newer methods which 
have been developed for the vaccination of cattle 
ajjj-ainst rinderpest ap])ear promisinf*:. 

The problems of animal nutrition are receiviiifr 
considerable attention. It has been <lecided to 
establish an Institute at Izatnaj^ar ami to finance 
the scheme on a j?enerous scale. Work on animal 
nutrition has al.so been started in Heiijfal, Hihar, 
U. P., and Assam. 

The research schemes under the I. C. A. R. in 
the University of Dacca is concerned with the 
mechanical analysis of lateritic soils and study of 
their physico-chemical properties, as also the 
nutrition of rice-plants. In connection with the 
work under this scheme, the fixation of nitrogen 
by rice plants, when water-Io|?p:ed and exposed to 
the sun, have been established with Faridpnr and 
Dacca soils. 


At Calcutta, Prof. J. N. Mukherjee has been 
carrying? on researches into the properties of 
colloid soil constituents. At Allahabad, Prof. 
N. R. Dhar has been carryinj^ on researches on ni- 
troj^on loss and iiitrojjen fixation in soils. At 
Hanjjalore, in the Indian Institute of Sciences, 
experiments are bein«: carried out on the prepara- 
tion of cheap synthetic manure from town refuse 
and other materials. 

A five years* scheme for research on the synthe- 
tic cultivation of medicinal plants and stmly of 
food ])oison has been commenced in 19:15, under 
the direction of Lt. (k)l. R. N. (,9iopra of the School 
of Trojiical Medicine, (’alcutta. The purpose of 
this scheme is to investif»:ate into the means by 
which crude drills and i)repared medicines which 
are imported in larffe quantities from outside, 
couhl be profitably f»rown and manufacturer! with- 
in the country. The first progress report for the 
year I9)15-;j6 has been received by the. Umincil and 
considered to be very satisfactory. 

The woi*k of Prof. Mehta on cereal rusts has 
established that yellow rust is capable of over- 
.siimmering in the hills at high altitudes in the 
form of undersj)ores on self-sown barley ami 
wheal, while brown and black rusts can over- 
summer at still lower altitudes. All the evidence 
relating to first <late of rust appearance in the 
plain^, and to exposure of aeroscopic slides 
supports the view^ that infection takes place every 
year by spores carried by the wind from the 
hills to the plains. Attempts are being made to 
develo]) rust-resisting strains of wheat, and it is 
hoped that results of considerable economic value 
will be (►btained in near future. 

The revievir of the activities of the (Nnincil of 
Agricultural Research indicates the many direc- 
tions along which important investigations have 
been undertaken. It is too early to express our 
opinion as to the ultimate benefit which the Indian 
ryot will derive from these researches in the do- 
main of plant industry and animal husbandry. 
Success, however, will not be long in coming, 
if the directing minds have been carefully chosen, 
if there is efficient teamwork and if every worker 
is imbued with the determination that he will re- 
turn thousandfold to the poor tax-payer what is 
being spent for him as salary and for facilities for 
research. 
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The Mystery of Cosmic Radiation— Part IV 

A. K. Das 

Solar Observatoryf Kodaikanal. 


The Supernova Theory of Origin of Cosmic Rays 

A NEW theory whieh attributes the orijfin ol* 
cosmic radiation to the “ supernova ” process has 
attracted a good deal of attention in recent years. 
The sudden aiipearanee of a nova or new star is 
a comparatively familiar phenomenon of astro- 
nomy;* Ihiiley estimates that in tlie Milky Wiiy 
system ten to twenty novae flash up every y<*ar, 
while according to Hubble the frequency of novae 
in the Amlromeda nebula is nearly 110 per year. 
But the supernova phenomenon is rather rare; one 
supernova in a thousand years in any stellar 
system is a fairly good estimate. In astronomically 
recent times there has been one unmistakable 
supernova in our Milky Way system, namely, the 
famous nova of 1572 A.I). (N. Cassiopeiae 1572) 
which was so bright that it was easily visible at 
midday. Jt was this nova which induced the 
famous astronomer Tycho Brahe to dedicate his 
life to the service of astronomy. 

But what is a supernova Jn a general 
way, we may say that it is an exaggerated case of 
the common ?iovae. A common nova is an obscure 
or hardly visible star which suddenly blazes up, 
indicating that some sort of catastrophe has 
occurrefl in the heavens. The present century 
has been rich in common novae, such as N(»va 
Persei, Nova Aquilae (1918), Nova Pictoris (1925), 
Nova Herculis (19.‘11), etc. These stars have the 
same general history of appearing very suddenly 
and fading away more or less gradually; of 
exhibiting quite a different spectrum for the first 
few days from afterwards and fading away even- 
tually to the same obscurity from which they had 
sprung. But they have individual peculiarities 
and their spectra, whieh are changing all the time, 
are very difficult to. interpret. Jhiring its active 

• An account of l)ie nova phen jiiietioii was given by 
Prof. A. R. Klian of Hyderabad in SciKNCK ani> Cuj.turk, 
Vol. I, Pages 489-492. 


stage, a nova gives out about a hundred thousand 
times more light than in its normal stage and after 
a period extending over several months or even 
years it dwindles down into a faint variable which 
it doubtless was before the outburst. The total 
light emitted by a common nova is very large for 
its mass, but still not com])firablc to it. We of 
course make use of the fact that mass and energy 
arc equal, being given by the Kinslein formula 
K me-*, where c is the vt^loeity of light. When 
a luminous body radiates, it loses mass. For 
example, the loss of mass by the sun due to radia- 
tion is about 4,200,000 Ions per second which is 
roughly 1*0 of its total mass so that if the sun 
continues to radiate at its j)r(‘sent rate it will 
lose half its mass in about lO*’^ years. Tlie out 
bursts of light in a eommon nova arc not so 
immensely greater than those in some of the vari- 
ables that they must, without doubt, be ascribe<l 
to different causes. Vet it is not easy to assign 
them to the same cause, for the spectra, of new 
stai*s are very ditfenuit from those of long period 
variables. But the case of the supernova appears 
to be quite di.stinct fr»>iii that of the common nova, 
because in a supernova process, praetically tin- 
entire mass of the star appears to dis.solve away 
into radiation. 

In I^‘U Baade and Zwicky, two Faiiforniaii 
astronomers, found that a nova had ai)pearetl iti 
the Andromeda nebula in 1885 which had aj) 
parently given out an extraordinarily large 
amount of radiation. They estimated that N 
Andromedae 1885, which ha<l an absolute bright- 
ness of —147 at maximum, emitted during the 
25 days of its inaxinuim brightness a total aniounl 
of radiation, visible and invisible, of between 
12*3X10-'^ ergs arid 2’99X10'’* ergs which corre 
spends to a loss of mass lying between 
r37X10»" gms and 3*32X10'‘" gms. Thus 
assuming that the original star which flared 
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THE MYSTERY OF COSMIC RADIATION 

up as a nova has the same mass as the 
avera^^e run of stars (10'** gms to lO'*” gms), the 
remarkable fact emerges that diiriiijr the outburst, 
a good fraetion of its energy was buriit out as 
visible radiation. Hut there is a eonsiderable 
degree of ionization of gaseous shells whieh are 
expelled from a nova during an outburst; eon- 
scquently a vast amount of ultraviolet radiation 
must be emitted during the process. Thus it can 
be argued that during a nova outburst of this 
type (supernova phenomenon!) the entire mass of 
the star or a good fraction of it dissolves away into 
radiation. Baade and Zwicky further showed 
that the energy emitted during supernova out- 
bursts might suffice to account for the whole 
energy of cosmic rays. Tliey assume that a typical 
supernova outburst gives out a stuj)endous amount 
of energy, K— lO'** to 10"’* ergs and that there is 
oTie superiiova outburst per 1000 years per galaxy. 
Now, the distribution (d galaxies in space corres- 
ponds approximately to one galaxy in a cube of 
one million light-years, and conse^piently we get 
for the density of energy eniitt(‘d by a supernova 
<r " K 1)/H /*r -0’8XI0 * to HXIO* ergs/cmVsec. 
where l)"2X10’* light-years, t '"1000 years and 
i— 10“ light-years. This estimate is in remarkably 
good agreement with the intensity of cosmic rays 
falling on the earth (viz., 3*"4*10 ysec./enr) as 
measured by Uegener (1983), Millikan, Bowen and 
Nehcr (1938). Thus the supernovae appear to be 
(piite probable sources of cosmic radiation. But it 
should be pointed out that there are certain obscure 
points in the above arguments. First of all Ibiade 
and Zwicky 's estimate of lO’* to 10'’* ergs for tbe 
energy emitted in the ultra-violet by a typical 
supernova is derived from the case of N 
Andromeda 1885. Hut it is not certain that 
this nova really belongeil to the Andromeda 
galaxy, for there is a possibility that it 
might have been a star of our own galaxy ami 
its location in the Andromeda galaxy might be 
merely an effect of perspective; if this be the case, 
the whole argument falls to the ground. In fact, 
no unambiguous case of supernova has .so far been 
established. Secondly, in supernova outbursts, 
even if Baade and Zwicky *s arguments be correct, 
the radiation is emitted in the form of X-rays and 
y rays. But cosmic rays consist principally of 
electrons and positrons. It is not clear how the 
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X-rays and y-rays are converted into eleetrons and 
positrons in this process. 

Can Ordinary Nova Emit Cosmic Radiation? 

If a supernova can emit cosmic rays, should 
uot the common novae be expected to account for 
at least a part of tbe eosmic ray intensity actually 
observed on the earth? Of cour.se a common nova 
caiinol certainly i>roduec as mueli cosmic radiation 
as a sui)pr-nova, but we have to consi<ler tbe 
greater frequency of occurrence of the com moil 
novae. The general data regarding the distribu- 
tion of novae indicate tliat the Milky Way and the 
.spiral nebulae pre.seut the most favourable condi- 
tions for their occurrence and ahso that the 
galactic and nebular novae arc essentially of the 
same nature. Bailey estimates that in ojir galaxy 
(Milky Way), ten to twenty nova<' flash up every 
year, while according to Hubble the fre(iuency of 
appearance of novae in tbe Andromeda nebula is 
30 per year. But the aelual frecpiency of novae 
in these systems is sure to be greater due to tbe 
fact that all the novae are unlikely to have })een 
caught and in many of them the maximum may 
have been missed in the photographs on which the 
estimates are l)ased. fi'bus it seems ])ossiblo that 
the intesity of cosmic radiation actually observed 
on tbe eartli may be producetl by tbe eombined 
effect of all tbe novae even tliough only a small 
amount of eosmie radiation might be (knitted by 
the individual novae. In fact, in 19)14-35 measure- 
ments of cosmic ray intensity at various places in 
Kurope shewed an apj)rec.iable increase of eosmic 
radiatitni during tbe period when Nova llerculis 
(I9)J4) tluetuated alujut its maximum brightness. 
Tbe observations of W. Kolhorster, A. K. Das, 
W. Me.sser.sebmidt and others (all made with 
different kinds of apparatus) .seemed to indicate 
that tbe Nova Herculis was responsible for about 
2 to 4 per cent, of the total cosmic radiation, for 
it was found that the intensity was maximum (in 
a 24 hour period) when the nova was at its 
highest altitude and minimum when the nova was 
lowest. -It has been argued by some that tbe 
ob.servcd increase in cosmic ray inten.sity need not 
be an effect of tbe nova outburst, since the Sun 
was at its highe.st altitude at about tbe seme time 
as the nova, at lea.st in December 1934. But tbe 
later observations of A. K. Das in February-March 
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1935 when the nova and the Sun were well 
separated in hoiir-anj^le shew that the observed 
effect was certainly not due to the Sun; in any 
case, it was too larj^e to l)o explained away as a 
solar effect. It should be mentioned however that 
Hess and Steininaiirer as also Harnothy and Forro 
found a mueh smaller effect than the authors men- 
tioned above. Fonsecpiently the question whether 
a common nova actually emits cosmic rays cannot 
be said to be settled. Recently (December 1935) 
some experimental evidence iiidieatinj*: the super- 
novae as proflueers of cosmic rays has however 
been brouf»:ht forward by H. Zanstra. 

Zanstra points out that the corpuscles emitted 
durinjr the super-nova process ouf»:ht to reach the 
earth later than when the outburst is actually 
observed, for the corpuscles travel with a velocity 
smaller than the velocity of lijfht. If these corpus- 
cles (identified as cosmic rays) are assumed to be 
protons*, then the time-difference between their 
arrival at the earth ami the arrival of the lifyht 
signal of the nova outburst may be appreciable. 
Fie coiisiders two super-novae viz., N Andromcdae 
1895 (distance 0*8X10“ light-years) and the 
super-nova of 1907 in Messier lOl (distance— 
1*3X10“ light-years). If the corj)Uscles be firotons, 
then the energy (d* the corpuscles reaching the 
earth now from the Andromeda nova can be cal- 
culated (knowing the distance and the time-differ- 
ence, namely 50 years) and is found to be 0.84 X 
10“ volts which corresponds to a penetrating 
power of about 220 metres of water. The energy 
of the protons now reaching the earth from M. 
101 is calculated to be 1.43X10“ volts which 
corresponds to a penerating power of 300 metres 
of water. Now Clay^s cosmic ray measurements 
umler water in the (lulf of Aden showed a maxi- 
mum at 235 metres in the ionization curve, just 
when M. 101 culminated, shewing that there was 
at this time a corpuscular ray at the end of its 
range. Zanstra points out that in order that 
corpuscles from M.lOl may be able to penetrate 
to tlie depth of 235 metres at the time of its culmi- 
nation at A<len they must have a range of 330 
metres of water which agrees very well with the 


* The timj-Uiffereiice w not appreciable if the particles 
are electron.s. 


theoretical value of 360 metres calculated from 
astronomical data. The cosmic ray measurements 
of Regeiier under water in Lake Constance also 
shew two maxima of ionization at 230*6 metres in 
each of the two successive periods of 24 hours, a 
sharp inaximuin correspouding to this culmina- 
tion of the Andromeda super-nova and a 
wide one corresponding to the super-nova 
in M.lOl. The range of the rays from the 

Andromeda nova at the time of its cul- 
maination at Lake Constance should be 240 metres 
of water which agrees well with the theoretical 
value of 220 metres. Rays of 330 metres range 
from M-101 (accoriling to Clay’s measurements at 
Aden) should penetrate 230.6 metres of water iii 
Lake (^'onstance in 10 hours and Zanstra finds that 
the wide maximum iti Rogener’s ionization curve 
actually spreads over 10 hours. Zanstra also 
points out that certain irregularities in the ioniza- 
tion measurements made under difforciit depths of 
water at Bergen by Clay and ’T Ilooft in the 
summer of 1935 can also be explained, at least 
qualitatively, as due to the infiucncc of the two 
above-mentioned super-nova. Thus Ihunie and 
Zwicky’s hypothesis that su])er-novae are a source 
of cosmic radiation ac(|uires a good deal of plausi- 
bility, provided of course a part at least of eosmic 
railiation consists of protons, for Zanstra ’s conclu- 
sions are true only in the case of protons but not 
of electrons or positrons. It is to be noted how- 
ever that protons have been found in cosmic rays 
not as a pinmary phenomenon, but as a secondary 
result of interaction <»f cosmic rays with nuclei 
(see (^ Anderson, P/iyj. Rev. Aug. 1936). In the 
present confused state of our knowledge all that 
can be stated is that primary cosmic i*ays coiisisl 
mainly of electrons and positrons, but it scorns 
possible iliat there is au admixture of protons and 
perhaps also of neutrons. If Blackett’s view 
be true that photons are emitted during the 
encounter of a primary cosmic ray with matter 
and are then converted into electron-positron pairs 
on collision with atomic nuclei, then we have here 
an actual case of conversion of radiation into 
matter. According to Jeans and Eddington, our 
material Universe is inevitably running down ; there 
must be a moment when the entire solid uni 
verse will radiate away in a final broadcast.’ 
The only way of escape from this gloomy end 
the conversion of radiation back into matter. 
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Beri-beri and Mustard Oil 

S« Dutt 

Allfthftbad University. 


Mustard oil is rlear briyht yellow oil ex- 
pressed from the seetls of Siiiapis (or lirassiea) 
iiij^ra and also to a certain extent of Sinapis 
alba and Sinapis rubra. It is the [n-ineipal 
culinary fat used throughout Jien^^al, Assam, 
liohar, Orissa, and to a certain extent, eastern 
IJ. P. The oil is j^enerally obtained by expres- 
sion from the seeds by indigenous “ (ihannies 
or wooden presses driven by bullocks, althoujfh in 
lar^^e towns like (Calcutta, Oawnpore, Alijiarh, 
etc., there are larf»e power driven machines 
consist inj? of «rinders and expollers for the 
manufiicture of the oil on a larji:e scale. The 
market price of the oil varies fiami Us. 13 to 
Us. 17 per maund. 

The (‘omposition of mustard oil varies consi- 
derably in accordance with its place of orif»:in 
and the kind and quality of mustard used in its 
manufacture, but the follovvin{»: may be taken as 
llie re])resentative analysis: 


AIlyli.<jothioeyanate 


Hydnmen Cyanide 

. . 

Free Fatty Acid 

3.S-4 

Moisture 

.. I.H% 

(Jlycerides 

(W ‘)0/ 

IJnsaponitiable iiiatler . . 

.. 0.8% 

The various constants of bazaar 

mustard oil as 

tletermined from time to time in 

our laboratory 

are as follows: 


Saponification value 

172 175 

Iodine value 

105—1 14 

Acid value 

3—11 

Unsaponifiable matter 

0.5- 1.2 

ITehner value 

91 — 93 

From the above it will be seen 

that hydroR-en 


'•yauide is a normal constituent of ordinary bazaar 
'Ujstanl oil to the extent of about 2 parts in 10000, 
uni is probably entirely harmless in such minute 


concentrations. When the oil is h(‘ated in course 
of C(»okinj( perhaps the entire amount is volatilized. 
Allylisothiocyanate is the volatile and pun^^ent 
constituent of mustard oil. The physiolo^ty of 
this compound is not definitely known, but in the 
concentration in which it exists in mustard oil, it 
is not expected to be liarniful, at least there has 
been no case on record to this elTect. This volatile 
constituent of mustard oil is entirely volatilized 
by keepiii'r the oil at for ten minutes. 

Mustard oil is the standard cookinj; oil in 
Uenjral, and as such it is consumed in enormous 
(piantities. As the (juality of mustard oil is 
}*enerally .judj»vd by the pungency of its mlour by 
the lay public, so unscrupulous dealers and manu- 
facturers often take recourse to various atlulter- 
ations in order to increase the ])un};eney of the oil. 
Amongst the substances that are added for this 
purpose, the following!: may be mentioned: 

ibij)e oil. 

Jute seed (ul. 

Kaddish see<l oil. 

Horse raddish and its oil. 

Onion and onion seed oil. 

.\crolein. 

Allyl bromide. 

Ilromacetie ester. 

Synthetic allylisothiocyanate. 

IMienylisothiocyanate. 

Oarbanile. 

Amongst the synthetic compoumls mentioned 
towards the end of the list, many of which are 
ffcnerally incorporated in the so-called “ Mustard 
oil essence ” availabl(‘ in the market, bromacetie- 
ester ami allylisothiocyanate are the most power- 
ful, and a comparatively small (piantity produces 
punjireney in a lar^e quantity of the oil. As far 
as it is known, bromacetic ester is comparatively 
harmless, or at most produces a sedative action 
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like most of the alliphatic hroino compounds, but 
allylisothiocyaiiatc of synthetic origin is definitely 
danjferous, containinj? as it d<jes, the hij^hly poison- 
ous allyl cyanide in small proportions, which acts 
like a inetaHic cyanide in most respects. 

(.)n account of the >?reai prevalence of Ikri- 
beri in the eastern ilistricts of U. P., particularly 
amoiifjst the Pcn^alee population in recent years, 
many investij»ators have <levoted their talent and 
untirinf»: enerj»:y in the illiicidation of the cause of 
the disease. There must be someth inj^ wronj? in 
the diet of the Peiij^alees which is causirif^ this 


particularly legs and weakening eyesight and 
glaucoma. These symptoms are similar to those 
produced by cardiac imisons like thevatin, 
digitoxin, stropaiithin, hydrocyanic acid and the 
cyanides. In fact the symptoms of Heri-beri are 
so closely akin to cyanide poisoning that the 
present investigator was inclined to believe that 
there might be sonic relationship between the 
hydrogen eyanitle content of bazaar mustard oil 
and the lleri-beri which is ijroduced in its con- 
sumers. With this end in view, the present 
author took up the analysis of a number of samples 
of bazaar mustard oil and the results are sum- 
marized below : 


Saponifiealion value .. 

Sample 

No. 5 
from a 
local Store. 

174 

Iodine value 

105 

Acid value . . 

3*2 

Unsaponifiable matter . . 

O'fi 

Volatile-oil 

0*5 

Hydrogen cyanide 

0*02 

Allylisothiocyaiiatc 

0*45 


Sample 

No. 11 from 
Pryag Oil 
Mill, 
Aligarh. 

Sample 

No. 23 
brought by 
Dr. Ghosh 
from 
Benares. 

Sample 

No. 17 
from a 
local mill. 

Sample 
No. 26 
from a 
village 

J75 

ISO 

173 

175 

103 

112 

no 

102 

2*1 

26*5 

21*5 

4*2 

0*7 

2*1 

2*4 

0*S 

0*7 

1*6 

1*4 

0*5 

0*02 

0*7 

0*65 

0*03 

0'()3 

0*2 

0*15 

0*56 


insidious disease. The (piestion of vitamin defi- 
ciency naturally comes in one’s mind, and many 
physicians have prescribe<l a full course of subs- 
tances rich in vitamin H with hardly any improve- 
ment of the situation. Some people have accused 
fish, some eggs, .some mustard oil, and some rice 
for bringing about this disease amongst the 
Bengalee population, since in respect of 
the.se articles of diet the Bengalees ditTer 
from the U. P.-wallas. There are many 
Pengalee families in this province who never 
take rice at any time, but nevertheless they have 
been affected. Europeans and Muslims take fish 
and eggs, but they are more or le.ss ininuine. So 
naturally the suspicion of causing Heri-beri falls 
on mustard oil which is in universal use amongst 
the Bengalee population. 

The usual symptoms of Heri-beri have been 
variously described in standard literature, and also 
among.st the recent publications. The most 
important amongst the symptoms arc atTections of 
the heart like palpitation, dilatation, breathless- 
ness, congestion in the extremities of the body 


Sample No. 23 (one gallon) was brought by 
Dr. R. N. (ihosh of the Physics Department from 
Henures at a time when Heri-beri was raging there 
in an epidemic form, and he a.ssured the author 
that whoever took the oil invariably got affeeled 
with Heri-beri in a more or less violent form. On 
account of the large supply available, the defer- 
ininatioii of hydrogen cyanide in the oil was made 
with great accuracy and a good quantity of hy<ln»- 
gcii cyainde was actually isolated. The technique 
of estimation of hydrogen cyanide in minute quan 
titics in the oil was also fully dcvcloiied. The 
amount of hydrogen cyanide in the oil wa.s found 
to be about 35 times that usually met with in 
ordinary niu.stard oil, and perhaps in a dose sufii- 
ciently strong to cause cardiac posioning. Micro- 
scopic exaiiiiiiation pf the oil showed the presence 
of numerous spores in the liquid, and qualitative 
examination revealed the presence of some iin 
known hydrolytic enzyme. Similar observations 
were also made with sample No. 17. Could tin' 
enzyme be originally present in the mustard, 
which could break up the iso thiocyanate into h\ 
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drogcn cyanidr and other produets and also in- 
crease the acid value enormously, or is it suhse 
(piently formed in the mustard hy the ayeiiey <»f 
a i'liTifi’oid tlisease or rust? This is a question 
which has not yet been answered, ami 1 think an 
illueidation of this point will eonsidei*ahly «*leai* 
up the su]>joet which is so much sliroudeil with 
mystery. 

Summary and conclusion 

1. Heri l)(‘ri or epIjIiMiTuf dro|)sy appears to lx* 
a kind of food poisoning' from the sym])1oms that 
are manir(‘sted in tin* patients sufferinji' from the 
disease. 


The Heavy Electron 

It. D. INiij' (!howdhiiry 

Uf'partment uf 1'hysic.s, A.1lahHba<i lJtiiver>«ity. 

In all Sl'ientifie work, then* is a tendency to 
regard that the fumlaiiiental Laws of \ature 
should he essentially simple. Thus from the «*arli 
est times, j)e()])le believed tliat the ^ireat diversity 
nf substance iti the universe was only apparent. 
They believed that thedllTereiit substances wen* 
bjrmed out of a lew elementary ofn*s. lie 
searches in (‘heniistry in the bt’^iinnino- of the nine 
Icciith century appeared to establish that all sub- 
stances wei’c made up from a number <d’elements, 
\vhi<*h number was lat(*r fixed at 1)2. I»ut even 
H2 were considered too many and elVorts were 
made to prove that the so called elements were 
formed out of still simpler eonstituents. With the 
tliseovery of the eh*ctron in ISDo, ami of its ubi 
<|uitous occurrence, scientists spe<'ulated that ele 
m(‘ntary { ve and —ve charj^'es wei*e tin* ultimate 
constituents of all matter. Jhit up to 1920. no 
positively charged particle lighter than that of the 
hydrogen atom, wliieh is IS4() times heavier than 
llie electron, had beerj f(Uiml. The atomic nuclei ol 
ditTerent elements were considere<l as made uf> ol 
protons and electrons, but closer invest i orations 
I'evealed difticulties and have lecl to the discovery 


2. The symptoms are closely akin to those of 
cardiac poison like hydrogen cyanide. 

4. Ordinary bazaar Jiiustard oil contains ab(uit 
()*U2"', of hydrogen cyani<le, but in some vi'ry bad 
samples, hydrojren eyarii<l(* content 'of nearly at) 
times as much has b(‘en dete<*t(‘d. Perhaps t!ie 
c<»nslant intake of sindi oil mijihl ])iaMluce slow 
cyanide poisonin^^ 

*1. The production of hydro^n*n cyanide in mustard 
oil in comparatively larye (pianlitites is apparently 
dm* to a hyd»*olytl<' enzyme act in, u on the cyano- 
{.•(‘iietic jjtlucoside present in mustar<l. The eii/ynie 
is perhaps produce«| in the iiiustai'd as the iTSult 
of a funj^oid disease or rust. 


of ot}M*r fundamental particles besides the proton 
and the eI(*ctron. 

What is a Fundamental Particle? 

It mijiht be asked as to exactly what is meant 
by fundamental particles. Wc may I’cpeat theohl 
sayini»- that it is «)ne which is tiol further ilivisible. 
Ih‘sides this the charact(‘rist ics of the fundamental 
particles are i»iven by its (‘lectrical chai'j^t*. mass, 
mechanical moment, ma}»!ietic moment and the 
statistics it obeys (cither l>«»se-Linslcin or h\*rmi- 
Dirac statistics). 

Imu* illustration wc may take the most well- 
known fumlamental particb*, viz. the electron. It 
has ^()t. 

A nej.»ative charjic of c- 4‘SO XIO ' e.s.u. 

A rest mass of ni ~ 0‘()2.')X 10 y:ms 

A spin moment of s \ h/2ir (h - 

(iTmX 10 ■■’^•rj’ Xsec) 

.\ maynelic immient of cli iTrcm calle<l a l»ohr 
maj»neton and it obeys the Permi-Dirac Statistics. 
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“ Statist i(*.s ^ tnoaas tho wa^' in wliicli ])artit*l<‘s 
herd tof^othcr and (‘xpericn(*(‘ lias shown I ha I 
olenientary particlrs herd tofiellior in two distinct 
ways. A j^conictrical poitil can have three deiurees 
of freedom, all of translation, hnt all el(*iiientary 
particles have been found besides translation 
to j)ossess a further decree of frc(‘dom whicli 
is called the spin and which is somewhat 
vat^uely connected with rotati(»nal motion of 
the particle about itself. Ac(M)rdin»' to I'Vrmi* 
Dirac statistics, no two particles belon^ijij^- to 
the same system can have all their dej»:rees of 
freedom (ways «)f motion) identical. Hut in the 
Hose-Kinstein statistics this prohibition <loes not 
exist. The orij*!!! of the two kinds of statist i<*s is 
best explained by the wave theory of matter. 

A half integral spin is associated with the 
hVrmi-Dirac statistics and a zero or inteiiral spin 
with the Hose-Kinsteiii statistics. 

Discovery of the Neutron and the Positron 

Up to 19T2, only two fundamental particles 
were known, the electron and the prof<in. Two 
more fundamental particb‘s have* been iletinilel\ 
established since 1I).T2. 'fhey are IIh‘ neutron ami 
the p(»sitron. Uhadwick discovered the neutron 
first from several indirec't evi<lem‘es. lie ])roceed- 
ed from the observation of Itothe and Itecke that 
if Ite is bombarde<l with a-particles fnmi |)olon- 
ium, we obtain not only / I’adiation but in a<ldi- 
tion a very penetratinji: type of radiation of 
entirely different pro))erti<‘s. These radiations 
leave no track in the Wilson chamber ( se<* Sc'IKN( K 
AND Culture. /, pp. 1*2-11)) ex<a'i)t when tln‘y come 
into contact with fiuclei ; when they pass thnui*:!! 
substances containinj^- hydrouen (c.g., paraffin), 
lii^h velocity ])rot<nLs a?'c emitte<l. If the radia 
tions ai'c photons and the j)rotons are emitted due 
to Compton effect, the ra<liation should have an 
energy of no niev, wiru'h is ‘•realer than the 
ener}4y'balan<*e allowe<l for in this rea<‘tioii. More- 
over the proton-tra(*ks an* a tlu>usand limes 
»»Teater in fre(juency than expected from (Vmip 
ton elTect, thouffh there is no ti-aee of ])hof»e 
electrons. All this contra<lictory evidence can 
best be explain 'd on the hypothesis that the new 


particle has no charge and a mass ap])roximately 
erpia! to that of the proton. A more accurate 
<b*tennination of its mass is made from a 
very interest iufif ex])eriment. When y-!*ays from 
ThC" haviiiR- the enei’uy of 2‘(i mev is allowefl to 
fall on the deut(‘ron nucleus it is found to break 
up into a pi’oton and a neutron. The same ex 
periment whmi made with y-rays from Ha(’" 
havin»‘ the enerjiy of I’Sl ni(‘v «lo(*s not show any 
evidence of the d(‘Utei‘(Hi mucleus bi’eakin**- up 
into a neutron and a proton. This ^ives us the 
exact, mass of the neutron within very narrow 
limits t(» be ftM)!)). Since the spin of the deuteron 
has been found to be 1, that of the neutron must be 
i or We rejn-esent the deuteron as made Uj) of 
a m‘Utron and a proton in the followin^i- way. 

/) n I p. 

‘ D * means dmiteron. n — neutron p proton 

The spin bein;^- a vector (plant ity, 

1 = I 1 I- i 1 oi' 1 — i I for pai’allel or antiparallel 
spins. 

The maj.*ni‘1ic moUK'nl of the nmiti'on is nen;- 
tive and about 'To pr(»ton units, ( /«/> c/i ■\7rcM>. 

Tlie S(*('ond discovery was that of the posit r*ofi 
by I). .\nderson of tin* (’alifornia Inslilutc of 
Technology. He (.levelopi'd a mctliod ori^inallN 
due to Skobel/.yn, a Ivussian workin*, of photo- 
‘iraphin^’ the* tracks of tin* cosmic rays in a 
Wilson chamber which is plac(*d in a stiani'j 
maj^netif' field. Th arraimemcnt is automatic no 
that as .soon as a cosmic iviy enters the chamber, 
certain automatic release's an* set free*, whereh_\ 
the ma*»n(‘tic field is switched on and tin* Wil;'tii 
space expands, and tin* tracks of the particles .set 
free* an* photoo-raphed in the camera which is ;ilso 
exposed by the same mechanism. In lhes«* photo 
‘graphs, .\nder.son notic«*d a new tyja* (d‘ track 
who.se curvature correspenided to that (d* jmsitivo 
particle.s. Hut the track was not heavy as ac 
uet for tlu^ lU’oton but consisted of dots, as svifl 
el(*ctrons show. Hut a positive electron was im 
thinkable thoujih l)ii*ac from theoretical considcra 

tions, had vajiuely predicted it. To dctinitcl.' 
e.stablish that it was not an (‘l(‘ctron moving’ in tin- 
opposite direction, Anderson ke])t a plate of h-'cl 
within the Wihson chamber and the direction "I 
motion of the particle was jjfiven from the din‘(*li"" 
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of loss (iUi'Viitiiro to thiit of ciirvHtiiro. This 

(lotinitoly oslahlishod llio (‘xistnico of ‘ ])(>si1n>iis ’ 
or pnrtick's having’ tin* samo mass as that of tlio 
(‘loot roll l)ut vvilh a (‘liar^c of o[)posih* si**!!. 
Ijator init‘l(‘ar read ions iiivol viiij* posilnoi (‘inis- 
sion wiTo <lisco\ (M'l-d. Tlu* s|)iM of the positron is 
half inle^^i'al and it ohoys f’rrini-Dii'ar stalislirs. 
With tli(‘ dis(M)V(‘ry (d‘ tho pt)silron it a])i)(‘arrd that 
it was no longer norcssary to ro^ard both tin- non 
troll and tho positron as (‘lonuMilary. for (nic‘ <»f 
thorn may bo i*o^ai'di‘d as mmU* ni) of tho othor 
as follows: - 

; P\ n'Jc'h, 

Whoi*o e"-i roprosoiils an oloolron and c"., a 
positron. 'Plic massos of tho noutron and proton 
ar(‘ l.()0!)I and l.OtKSl rospoot i voly, and that id* 
tho olootrons in tho samo units is .OOO.VI, whioh 
is possibly tho mass of tho posit ?*on also. Tho 
tirst roaotion is im[)ossil)lo sinoi* l.OOtH > l.dOSl 
I .OOObb Tho s(‘oond roaidion »ivos a far too 
‘•roalor bindiny- oiioryy for tho proton stato whioh 
moans a lar^o onor^y is noodod for tho disintojira- 
tion of tho proton into tho noutron and olootron. 
Tho othor diftioulty is that id' spin and of mayno- 
tio momont whioh ou^ld to bo oonsorvod, but as 
t ho s[)ins of all tho t hri'o iiart i<*los arc half iidoj^iral, 
this is imtiossiblo. 

Tile /^-ray Disintegration and the Neutrino 
Hypothesis 

Similar ditfioultios and othoi’s id* a moro 
fundamontal nature wore mot with in amdlior 
tihomnnonon. Tliis is tho phonomonon of tin* 
iiLioloar /kray disintoj;ration where /krays or hiuh 
Noluoity olootrons are imiittod from tho muolous 
of an olomoiit. The oxaminatioii id’ the /kray 
spootrum (that is the distribution of onor^y of thi* 
olootrons) yivos us tho faot that tho /krays omit- 
lod by a radioaotivo muolous have not dotinito 
value (d* onoroy as in the ease of «-rays, but varies 
in j»onoral from a small value to a maximum. This 
Would in j^onoral moan that tho product nuob i have 
varying’ omov^ios. Kor (‘xamplo HaK ( mass No. 2 Id 
atomic iiumbor 8)1) omits jS-rays and is oonvortod 
lo Hah^ (mass No. 210, atomio N'o. SI). As both 
lb*iK and KaK ai‘0 dotinito idiomioal ontitii's, tho 
law of conservation id! onormy demands that tho 


j8-rays should bo omitted with the samo enorj»y. 
Hut it is found that tho onorf^y of tho /?-ray is 
sjiroad out in tho form of a spootrum from about 
i’iddOd vtdts to million volts. 

\ second diftioulty is that of spin. Tho oloo- 
trmi has a spin i so that if tlu* /kradioaotivo 
nuidous has an intoj»ral spin, tho piaaluot nucleus 
slmnld have a half iidoj^ral spin. This oontrailiots 
our ••■onoral oxpi'rionoo that particles having tin* 
same mass number have tho sami* spin. Km- an 
explanation of those two anomalies mie has two 
alternatives. 

(1) That tho law of onnsorval inn of onoi‘»y 
and spin breaks down for tho nuoloar /kpartiolos; 
or 

(2) Another fundamerdal particle is omitted 

which has a half inloyral spin, and carries away 
a pari of tho onerjiy of tho reaction so as lo re- 
store tho balance of onerf^y and spin. Tho ]>artiolo 
has no char<.^o and a v<‘ry small but variable mass. 
This secoml sujiyostioii was made* by Pauli and ho 
called tho hypothetical paiTiclos neutrino. hVrmi 
worked out on this hypothesis tho probability 
(d* /i omission from th(‘ nuebms by tho conviTsion 
(//'„ . I +-*'o)l>' dmiotos Neutrino tho 

process indicates a noutron chanjiin^’ into a 
proton, an (d(‘(‘tron and a neutrino j and found 
llial ho could j-ivo an explanation of tho omission 
curve (d! the /krays. Tho neutrino liypothosis 
scorns uooossary if wo <lo not wish to face tho 
broaktlown of the conservation laws but w(‘ 
cannot acee])t oxislonco of particles unless they 
can bo actually demonstrated. Nahmias tlnuij^ht 
that the noiiti’ino nd'^ht have a maynolio momont 
so that in its passa^j* throiuili matter a small 
number t»f ions will bo produco<l. I'.otho showed 
that if Iho ma’iindic iiumioid of tht‘ iM'Utrino” n 
Holir maumdons, tho number of ions it will ])ro- 
duco is lU'iXn- per km of air. Nahmias on this 
basis tried to obtain ovi<lenees <d* ions by usinj^’ no 
less than b }^rams of Kadium and usiim* (loi^or- 
M idler counters to de1(‘cl iims. Tho counts 
obtained in tho counters, however, coubi not bo 
attributed to neutrinos as tho number of counts 
obtained wore larger than ox])octod from tho 
neutrino hypothesis, hejpunskij made an attempt 
to detoci Iho neutrino from amdlior iliroction. Ho 
arj'uod that since tho neutrino has a finite mass, 
tluumh small, it will, when (‘joctod from a nucleus, 
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(•HUSO th(} rnicl(‘us to iTc^oil owiiij^ to (»onsoi*vut.ion 
of nioiiiouiiiin. Ho nuuU* uttompts to find the' roooil 
track of the iiiiolous in a Wilson-ohambor. Ho 
could, however, find no definite evideiiee in favour 
of the ne 

The Heavy or the Bose-Hleclron? 

So far we have dealt with live fnndanienlal 
partieU's, the electron, the proton, the neutron, the 
the i)osilron Mini the hypothetical neutrino. All 
these particles have spin .J and obey K-l) statis- 
tics. Hint wave-nieehanies tells us that particles 
can also obey JMO statistics. So far photons, 
(leiiterons and a number of atomic mueloi have 
been found to obey H M statistic's, lint the deuter- 
on and other atomic nuclei are not elementary 
and the photon is not a mass-particle. We can 
well ask whether there can be any other elemen- 
tary mass particles obeyiii}.? the H.-H statistics. 
For example, can we imaj^ine an electron obey- 
inj*' H-K stastisti(‘s, and call(‘d for the sake of 
shortness a Bosc-cleciron; such an electron, if it 
exists, cannot occ'ur in the extra-nuclear orbits 
of an atom but will immediately fall into the 
nucleus. 

Stuee.kelberj' on this hypothesis made the 
inteivstinj;’ sujiKcstiou that the emission of a 
j3-particle is really a two-staj^e process. The 
Fermi th(‘ory of the proton-neutron interaction 
within the nucleus can be extended in the follow 

\\\\r way /d 1 f t.I) and in the eini>sion 

tiiat follows, the {o.se-el(‘ctron transits as 

‘■n Cl) 

It will be noticed that the inleraction-ener«»y is 
due to the Hio.se dee Iron and not the Fermi-elee 
tron in this theory. 

Ill the process(‘s mentioned above there is no 
diffieulty about the .sjiin. The probability of the 
spontaneous transitions (I) and (II) has l)(*en 
calculated by Sliieckelberi*’. He finds tliat such 
transition can occur iirovided a tran.sition cx'curs 
ill the opposite direction simultaneously. A cal- 
culation of p and jS"'** emissions on this basis 
^ive a smaller probability of such transitions than 
in the F(*rmi theory, which conforms more to the 
facts of p emission. 


Prom a knowledge of the interaction energies 
involved in the reactions (1 fk II), it is possible 
to form an estimate of the mass of the Hose 
electron, which StueckelberK’ estimates from the 
Inactions as greater than 24 times the mass of 
the ordinary electron. Hecause (»f this large 
mass it may be called a heavy electron. 

It may be mentiomxl that in l!)4r), a Japanese 
worker, Yukawa, suggest(‘d the existence id' the 
heavy electron in a paper dealing with the inter 
actions of elementary particles within a nucleus. 
The actual interaction energy in disintegration is 
much larger than that warranti'd by the (‘xchange 
of an ordinary electron, i.e., if Ave supimse the 

reaction is, n ' „ — ■ /H + J*!!. Yukawa asMimis 
a hypothetical particle of mass m' to get the 
c.orrect interaction energy between the neutron 
and the proton and ni' he finds to ])e:^r)()mc“. On 
the hypoth(‘sis of an integral spin ^"ukawa ex- 
plains the small pro])ability of disintegration 
among most nuclei. His calculations are com- 
parable with Stuecki'lberg's and his mass for the 
heavy electron cumpaiTs favourably with that of 
St ueckel berg's value. 

The Heavy Electron in Wilson Chamber 

So far the IhLsc-cIcctron lias been a matter of 
sp(‘euIation and no experimental (‘videnee lias bei'n 


Tike's IVak, /‘KJO gaus.s. A disintegration produced 
by a nonionizing ray occurs .it a point in the 0..i5 I’ni 
lead plate, fioni wliicli six particles are ejected. One of tlic 
particles (strongly ionizing) ejected nearly verticull} 
U])ward lias the range of a 1.5 MIvV proton. Us energy 
(given by its range) corre.sponds to an //p=l,r s IU‘, oi .i 
radius of 20 cm, which is three times the observed value. 
If the observed curvature were ])roduecd entirely by mag 
netic deflection it would be necessary to conclude that tld’’ 
track represents a ma.ssive particle with an e/m much 
greater than that of a proton or any other known nucleus. 

found which could testify to its actual existence. 
The difficulties seem to consist in the fact that Ha* 


SCIENCE & 
C U L T U B E 


260 



THE HEAVY ELECTRON 

heavy electron does not occur freely in Nature, 
and cannot be a constituent of the outer shell of 
atoms. 

Recently, however, interestinj*- evitleiiees liave 
been found by Neddevmayer and Ainlei’son and 
Street ainl Stevenson whicli seem to point to 
the actual existence of the heavy electrons. 

Neddermayer and Anderson performed experi- 
ments with high energy cosmic ray particles to 
test the Bethe-Heitler theory that A£, (he loss 
in energy in passage through matter (d‘ (*hargc<l 
particles, is proportional to the incident energy 
E of the charged particle. They kept a slab of 
platinum 1cm thick iiiside ^Vilson-ehamber in a 
magnetic field. The particles ejected by cosmic 
rays from the nuclei of matter seemed to .separate 
into two groups, one type was found to be more 
penetrating than the other. That is, more energy 
is lost by one set of ])articles in passing through 
matter than by tlie other set. The tracks of these 
more penetrating particles were deiinitely not 
those of heavy particles like the proton and «- 
particle but were int(‘rmediate i)etw'een these and 
the tracks of electrons. 

The tw^o hypothesis that could account for the 
separation into two groups were: — 

(i) The particles are not of the same nature 
.so that AE is not proportional to E 
due to the essential dissimilarity of the 
incident particles; or 

(a) The Bethe-Heitler law does not hold good 
for higli energy particles. 

The second postulate is untenable as it has been 
found that the Bethe-IIeitler law does liold good 
for electrons and positrons of energies up to 400 
mev, and the anomalies found occur for energy 
.S(»metimes of 400 mev but mostly at bOO mev and 
greater, (mev denotes million electron volts). 

We are thus left with the first hypotliesis that 
the particles arc of tw'o types. 'Phe first type is 
the ordinary electrons and positrons, the .second 
type of particles show ionisation tracks which arc 
neither proton-tracks nor olettron tracks. On the 


assumption that they are protons, (U)V 
Hp--4T) XIO'* gauss Xcm as is found for some id' 
these tracks), the ionsntion should he 25 times as 
much as observed in the photographic plate, it 
is thus definite that the tracks are not those of 
protons. What are then these ]>artie!es.' Wc get 
some idea about them fi'om the absorption factor; 
for charged particles, this varies as the square of 
the charge and inversely as the ma.ss. To explain 
the greater penetration of these particle, s, it 
sutbees to a.ssnme a mass greater than the elec- 
tron or a charge less tlian that of the cl(‘clron. 
The former is the more eomiueinlable hypothesis 
fis as.snining a ditTerenl charge would give rise 
to other inconsistencies in explaining the nature 
of Uie ionsation tracks. From the evidence of 
the curvature w'c get an estimate of e m. From 
this, the re.st ma.ss is estimated at al)out 50 times 
the ma.ss of the ordinary eleidrori. Vnkawa, as 
we mentioned before, gave almost the same ma.ss 
fur his liypotlietieal Bose-cleclron. These heavy 
electrons have been so far found ludy in cosuiie 
ray showers and have not yet hemi deteeti'd in 
ordinary matter. Yukawa suggests that this 
.should he so; for the Bose eleeti’on, even if it 
exists, should do so oidy in atomic mnclei. This 
suggests that the heavy electrons obey the Bose- 
Kinstein statistics rather tiian the Fermi-Dirac 
statistics. 

There are many interesting speculations ro- 
ganling the nature of the Bose eleelroii or the 
heavy electron. Jt seems as already mentioned 
that the Bose-eleetron does not exist as an extra- 
nuclear electron. If, as Vnkaw'a has suggested, 
llie heavy electron exists as a nuclear particle 
the difficulties regarding spin in several nuclei 
can be easily explained. Jt also ex])lains the neu- 
tron-proton interaction better than the older 
theory. Stueckelberg has compared the photon 
with the Bose-eleetron. Its emission and absorption 
w^oiild, according to Stueckelherg, he similar to 
that of photons subject to the law of eonserva- 
lion of electron charge.* 


* 1 thank iny teachers, Prof M. N. Saha and Mr. R. N. 
Rai for their valuable advice and suggestions in the prepa- 
ration of this article. — B. 1). N. C. 
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A Critique of the New Ideas on 
Examination 


(Continiirti from the lust issue' 

i\. N. Sen Cirplii 

Htad itf th# De.’ittrliin nt <jf PhiloMtiiihy, Liu know Hniver.-itv. 

Assessing the Value of Mental Tests 

Tln‘ Iniie of optiinisni in rc^nnl to tin* 
new typo (if cxaininaliuo and many rcpoi-ls of 
tlieii* su(*(M'ss, priiiiiplcd a nnndx'i* of psyidmlo^ists 
in diflfciTnt ('oiinti'ics to invest ijialc the issues nn»re 
elosely. I shall try to pr(‘sent a brief snrv(‘y of 
the data so far as I iiave been abb‘ to gather tlumi. 

Coi relation bclrvecn the data of mental tests, the oivard 
at interviciv and old tvpe of cxaniinalion.- Mauson'" 
linds that tin* {i) “inlei’view (‘stiiiiates,” (II) mature 
(*stimat(‘s upon prcilon.ued acMiuaintainn* and 
(ill) estimates of “ (piiekness and pi’oi'oundness 
of apprelu'iision ” jiive a (Mieftnuent of (*oi*relati(in 
‘of only ‘‘Jo. The figure is t(io low to hav(' any 
si^nifieaiK'e. 

Unsatisfactory character of Inlervicn} as a method of 
selection and estimation of intelligence . — As a matter 
of faet, interview is essentially an unsat isfaetory 
and jii'obably an unfair method of seleetion. 
Maj^isoii ^ives the following' reasiiiis for the low 
eorrelatitiU : 

(a) ddie (jueslions and answers ('over too small 
a part of the <'andidates’ no'iital eonteiits. (b) 
The same (pieslions a?‘e not oft(*n [uit to all the 
subjects, (c) Many of the t(ii)i(‘s are eonlniver 
sial and it is diflieiill for the judji’e, on the spur 
of th(‘ moment, to assess fairly an oi)inion ('(iiitrary 
to his own, (d) d’he ('andidate is usually in a 
state of emotional tension, (e) Ap|)earanee and 
manner play a larj^er part in determining' valua 
tioii than is usually realised by the judj^es. 

t)n this last point it would be interest in**' to 

10. IMa^soii, Hoir we judge /ntelligence. Thesis ac- 
cepliMl fi)r the <]c|.»rce of D.Se. at Lontloii, Caiiibrift^f* 
University 1‘res.s, r>2o. 


note the vi(‘W of Hinet, the pioiu'tn* of mental tesl- 
in;;:; ‘‘ 111 this conneetion I noticed a surprising*: 
faet: to one of the ((Uestions two pupils mad(‘ 
exact l^V the same reply, but om* reeeivi'd a belter 
mark than the olhi‘r entirely b(‘(*ause the iider 
view had tin* idea, whiidi he confessed to nu*, that 
this pupil was more intelligent than the »)ther.'’" 

Aoain, in l9‘Jd, in one of the Western ('(umtries 
of Knj»land, all the candidates for a minor scholai- 
ship examination were sul)j(‘el(*d to an inti'rview in 
addition to tin* rt‘^ular examination. The bdlow- 
iiijL*' correlations were obtaiiu'd between tin* int(‘r- 
view grades and the result, of the (‘Xaminat ions.'- 

TAIUdO 

Con elation betiveen fntciViciv and Examinations. 

S Ho>^’ Si'ljool -42. •:t5, '21, 14. *27. 

7 (‘.ills’ School. -47. 'HO, •4.'), 22, 01. OH, 10. 

n .Mixcil Si'lionl. AH, HI. -HO. 10. MO, 12, 11. 15. 111. 

d'he facts (|Uoted above el(*arly indicate that 

intij’view is not a saiisfaetory nn'thod for esti 

* - 

malinj; a person’s •*(*n(‘ral ability or inteHi‘ 2 ene(*. 
Vet. this method is much in vof^ue both in tin 
sphere of aead(*mie ami of vocational selection. 
Another set of fa(‘ts (pioted from the work of tin- 
same author would sliow the unsoundness of tliis 
proeeduri*. 

TAIJId-: 4.*' 

Correlation hetnyeen Inteivicny and the mental tests 
applied to six groups of persons. 

(Jrouj)s I II 111 IV V VI 
‘08 ‘U; ‘29 ‘40 ‘It) (Mi 

1 1. Minct, L* Anni' psychologigue, Vol. XVI I, 

12. Maj^son, Op. cit. p. 101-2. 

1H. Magsoii, Op. c/7, p. 00. 
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The cuiK'lusiori lo he <Irjiwii rnjiii these li^un*s 
is tliat if interview he re'»ar(le<l as reliahle, the 
iiieiital tests sliouhl he ;nljinlye»l to l)e nnreliahle 
and viee versa. 

This eritieisni applies to the MK^tlnul of inter- 
view if we look npon it. as proc-ednre for nn‘asnrin!j: 
intelliyein'e or j^eneral ahilily. It is tVcMpiently 
used, liowcver, as a nieasure of a (jiiality different 
from inteHiji'enee. h’or inslain*(‘, it is sai<l lo irivc* 
us a nieasure of (i) a ]»erson’s * pre&enUibl(^ness,* 
(ii) his * social aclapiabilil^ * and (a/) of his 
* general tact and demeanour.* The (-ritieism does 
not. atiply to such uses of interview. The 
difficulty, that the terms mentioned above are not 
<lofina.hlc or easily measuralule, ejninot. however 
he surmounted. 

The Value of Intelligence Test scores as measures of 
probable scliola.stic success. -The value <if int(*lli 
”‘enee lest scores is not hiyln'r when we look 
upon IIk'Iii as indicators of prohahh* acad<‘mie 
success. Ofhh'lh' calculated the eoeffieicnls of 
I'orrelation hetwceii (‘olh'ye marks, hiyh school 
marks and intellioeiiec scores. 'Phe values of 
the coeflicienis ranjre hetwemi ’20 to *.‘)0. The 
eori'cspondenee is not hiiih enough. Kdds and 
AfacCalP’’ worked out correlations he1w<‘cn (a) (Mis 
^roup intcllijicni'c li-st scores, (b) (Voss hhijilish 
test- si'ores, (c) hij^h school ^radi'S and eolleue 
marks. The hiyli school marks have liiuher 
correlation than the other scores. 

\Vji»»ner"’ reviews the data of studies in corn* 
lation hetween the vaimnis measur«*s of seholaslie 
a<*liii‘vement at the college and (I) llinh school 
avcra^’cs (2) fritellij^’cMU'e tests eomprisin.<r the 
Army Alpha, Terman and Otis, lie comes to tin* 
conclusion that the hi«;h si'hool averaiic is on the 
whole superior to the mental tests with respect to 

14. OdUell, rreilicliii^ .seholastie snece.ss of Colle;.;e 
sUnleiits. l/jiiversity of Illinois Hullctin No. 5. 

15. Hdils and MaeCall, Predicliiij.; the .scliola.siir 
s of C(>llei;e lMe.>ihim-ii. .Journal of Juinrational 

lUsearch 1Q3.5 No. 27, p. 127-130. 

1<». Waj^ner, A .survey of literature on College jk-i for 
nianet* predielion. of Buffulo Studiea 103 1, 

No. 0, p. 104-200. 


their predictive value. Kello«ji'- attempts to 
d<‘termin(‘ the relative values of intidlijicnce tests 
and matriculation mai’ks as ways of es.timatinu 
prohahle success in eolh‘”-e. lli* discusses the 
prohlem with rclVrcnce to a jiii’onp of students who 
took the introtlnctory course in psychology at 
Mctiill I’niversity, Canada, in ll)2l)-27. 'fhe 
followinji’ coefficitoits of coi'rclation ;ire siunifi 
cant: (1) Tin* correlations hclweeti the matri- 
<Milation marks and those jiained at tin* end of the 
Crt*shman Year is .747. (ii) 'Pin* coiTclat ion he 
tween the .\rmy Alpha ti'st scores and the 
Thurstoiie l\vcholo‘'i<‘al examiiiatitm for Collcvie 
students’ scor(‘s was only .174. (iii) I’etweeii 
tin* intcllij.»t‘nce test scores and the marks of lie 
Sophomore* and Junior ye'ars there* was a hi.uln-r 
e'orrelation. 

This vie'W in re'i^ai’d to the* inle'Miue'nce* 1(*sts as 
suhstitutes for entrance* e'xaminations is m»t <*on 
fined tee the* w'e»rke*rs ii' the I’nite'd Stale's and ( ana 
ela. It is shared hy many compe*le‘nt authoritie's on 
the* e'ontineiit also. I shall pre*si*nt only thre'e* more* 
stuelie's in suppeirt <d' the vie'W mentioned above*. 
Die*!/.'" on the* basis ed' a care*fnl study e*one'linies : 
“ Inte'lli^e'iice* te*sts are* ina<le*(iuate* as sob* basis for 
se*Ie*clion. Ster/.in^er''' in Vie'iina caleulate*s the 
correlation betwe*e*n ce*rtain mi*n1al l(*sts ami 
school marks. The* fedlowinu* table five's his 
i*e'sid!s: 

TAi’dd*] 


Correlation between school nuuJ(s and ceitain menial tests. 


( 1 ) Se-lnml mark 

s and sim|)le‘ c;ince*liat ion .. 

'27 

(2) 

,, compl(*x 

’47 

Cl) 

,, rote* nn*nieiry 

, '21 

(4) 

„ logical nn'iiiory 

, ‘dl 

(r)) 

„ sente*nee* buildini» . , 

’12 


17. KcIIjih.v;, C. 1*^. Kclatixc valuc.s of Intcllij^rncc Ic.st.s 
and malriculatioii (*Naniinalion as means of esiimalinif 
prohable sn«'c«‘s.s in Vollej;c. School and Society, in.?'»^ No. 
iei, |i. sn.vsno. 

l.s. Diet/,, ."^election d s rlvos de renst ij^nineiit vSeeon- 
daire. U.eclu'rrln.‘S <lc stati.sf i(|Ue Matlieiiiati<ine rl dc psy- 
cholo.nie* cxpe*riinenlaU*. Tlic.si-, submitted lo llie facuUy of 
.science, I’nivcrsitv ol P.ari.s, P)34. 

IQ. Stcr/inj^er, rntcrsm'hunj.;cn fiber die Aufnalimc- 
pnifnii” indie Mittelschnlen Vjurh. f\\r. juyenicundt 
No. ]). 21-37. 
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All the correlfitioMs nre of small value and 
cannot form the basis either oi* seleetion or of 
prediction. 

Loin mat zsch'-’" ])nts himsi'lf llie question “ An* 
entrance examination intelligence tests best 
forecasters of academic, achievements?’* The 
data were o)>tained from a school Tor {»irls in 
Dresden. The ranks oF stinlents at the time oF 
admission in particular subjects and at the end 
of the first school year were compared. The corres 
pondence was just as close when tlie intclli^rence 
data were not consid<*re<l as when they were. The 
author raises the (luestioii whether From the point 
of view of economy mental tests in this field are 
worth the trouble that they demand. 

These conclusi»)ns should not cause surt>rise 
to a psycholof^ist. (I) The mental tests were 
formulated For the purpose oF eliminalion oF 
children who failed to exhibit a minimum standard 
of ability. It was not intended by I’inet and 
Simon as a measure of success, (it) Ajjfain, the 
mental lest scores caniufi From the nature oF the 
assumptions implicit in the tests, reflect the 
various grades of ability^ beyond the threshold oF 
success. Wc may put the idea in another form: 

We can have, to use a present-day favourite 
term in psycholojiy, the difi'erent type (»F ability- 
profiles corresponding to the low .s<‘ores; we can 
Form no ^.^raduated scale of such [irofiles corres- 
pondin»‘ to the hii*her valiU'S of intellij»encc quo- 
lieiit. (Hi) The tests arc formulated to adjudge 
persons capacity to adapt themselves to things of the 
usual environment. They are not calculated to 
briny: into relief the specific aptitiules which the 
specialised studies of modern academic life de- 
mand. These seem to me to be the pi-ineipal 
reasons for the discrepancy of results to which 1 
have drawn attention. 

The psychological examinations. — The third sub- 
stitute of traditional method of examination, 
the psyeholof^ical examination, the basic prin- 

20. I^oiniiiat/.sch, '/ait Frage der Iiitelligcn/. rrufungeii. 
Hi\here. sehuU in Sachsen 102‘> No. 7. p. 345-347. 


ciples of which have already been discussed, 
remains to be considered. The report on 
this is somewhat better than that on mental tests. 
Corey'®* finds that the reliability coeflicient of 
the new type of examination is .82. In the essay 
type of examination it is only .hS. (Reliability 
coefficient is the coefficient of correlation between 
the marks awarded to the same pu])!! on the 
basis of .same work by several examiners). Thus 
it subserves one of the purpo.ses For whiidi it is 
Formulated. 

As an index of a student’s probably success at 
the university, the p.sy eh o logical examination 
.seems to have a certain value although its pre 
dictive significance is not very high. Here 
again, the percentage of correlation differs in the 
ca.se of different tests. It is found that Co ojier- 
ative Kngji.sh test has a coefficient of ‘fifi with the 
first year’s examination at the (’ollege. The 
American Council p.sychological examination has 
a smaller value^^. 

Again, Wagner to whose work retVrenci* has 
already been made, finds that the College Kntrance 
Board aptitudes test, the Ohio State University 
tests, the Thorndike tests and the American 
Council psychological examination have le.ss pre 
dictivc Kignificanc(? than the high school av(‘rag(‘. 
Freeman pre.sents tin* data of a study based on 
the application of the American (’ouncil psyeholo 
gical examination. The correlations are generall.N 
low. Vet those who score high in the ti'sts usually 
do well in the college. The author coneludes, “ But 
it mu.st be admitted that marked as this tml<lellc^ 
is, it is not sufficiently marked to warrant the 
exclusion of a student.” The te.st should be usrd 
mainly as a source of .supplem(‘ntary informa 
tioii". 

The tests and ])sychological examinations, then, 
cannot in the pre.scnt condition of our knowledae 
be readly employed in lieu of the traditional 
methotl of examination for the i)iu*pose of seh’c 

21. Corey, New Type and Kssay Examination scores. 
School and Society 1930 No. 32. p. 84O-8S0. 

22. (jlalfeter, The value of co-operative English te.st in 
predicting success in College, School and Society, 

No. 44, p. 383-384. 

23. FTeeiiian, Predicting Academic Survival. Journal 
of Educational Research 1931 No. 23, p. 113-12.3. 
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lion. Uven if wo dosiro to iiso llioiii for “ siipplo- 
inoiitary ” informal ion, a uroat deal has to he* 
done before we can resolve our plan into praetiee. 

The Legitimate uses of Mental Tests 

The eonsideralioiis to whieh I have refei-rtwl 
above shouhl not l(‘a<l one to the eoncinsion llnil 
menial tests and psyeholojiical exaiiiinalions 
are useless eontrivanees set up by ])syelioh»»ists. 
The i)oint of my ar;jiim('iil is lhal ///e]; sJwuld not 
at the present stage of our l(norvlcdgc, he adopted as the 
only or as the main basis of selection and prediction foi 
academic purposes. 

They can, however, be employed very elV(‘etive 
ly Toi' a number of e<inealional emls. 

(i) As instruments of educational control . — («) 
Tliey ean and should be employt'd in seliools lor 
eslimatinj^' tin* i)rouress iiia<le in part ieiilar sul) 
jeets. {h) 'rin‘y ('an als(» be used for detcMaiiininj-i 
the relative etifieieiM'y of difrerent melho(ls (d* 
t(*aehinii’. 

(ii) I' or the discovery of the hac.lfUuird and the 
ament. — The orij^inal purpose (d* llie iiieidal tests 
was to discover those who eaniiot prolil by a (*ourse 
of traininjLj' in the oi'dinary scdiools. It is possibh* 
to siiiinle out tlu'se individuals, beeaiise their 
bodily and mental reactions differ in definite 
wa,\s from those (d' mu'iiial persons. Mental tests 
can always be used for tin' deteelioii (d' lh(*se who 
fall short of the standard (d‘ (*fli('ieii(*y id' a i)arti 
eiilar type in a .yiven yroiip. 

{Hi) I'or the discoveiy of special aptitudes . — 
The tests and examinatiiUis tlnumh they may 
prove ineonelusive wln‘n they aia* niad(* to suit a 
complex of aptitudes or a lar.ne iiumbei* of vari 
able abilities, are of j^real value for the purpose 
of diseernini;- specific abilities. Thus wi* may test 
steadiness (d‘ attention, (piiekness (d' motor res 
ponses, capacity to brin«i' to beai* a eomjib'x set 
(d* instructions on a particular problem and vari- 
<ms other abilities. 

Suggestions 

Uses of mental tests and psychological examinations on 
our educational system. — The trend (d' (‘ducat ion 


in the West indicati's that sooner or later 
mental testinj? will be regarded as an imjxnd 
ant instrument for ii) tin* regulation studies 
in school, and (ii) for tin* discov(*i‘y (d‘ s|)eeial 
aptitudes in scindarshi]). (Hi) It will also 
be more in use in India (a) for tin* dis- 
covery of the backward children who are 
usually dray:s on the class and have* to be paid 
s])ecial attention: and (b) for tin* sin^dinu' out 
of exceptional ('hildren who may, with a|)pr(»|)riat(* 
aid, make sp(*edier i)ro.L»r<*ss. (iv) .\ i*e,milar 
lin^yramme of testing- is likely to reveal the 
projn*!* methods of instruction in several subjects. 
Kor, the mental t(*sts and psyclndo.iiical (*xamiiia 
lions break up the pro('(*ss of' instruct icm and 
ac(iuisi1ion into simpler units, d'he detection id' 
the source of difficulty of the l(‘acln‘r as wt*!! as 
of tin* pupil bc'comes easy in this way. (v) We 
must md lose si*.!!)! of the most important func- 
ti(»ii of tiu'se t(*sts. Tin* vocational aplitud(*s (d* 
pupils ean only In* jml^(*d on the basis of a series 
of tests applied from tin* a^(* (d’ pub(*rty till two 
y(*ars after that 'fhe iid(‘r(*sts of pui)ils in 

this matl(*i* ari* notoriously unstabler (M'l(*n a 
choice is nnnh* without an ad(*(piat(* knowb‘dy(* of 
the ('onditions of tin* V(K*ations s(‘b‘ct(*d. If is 
(*ss(*ntial, 1 ln*r(*f(U*e, lhal tin* llec'tiim- iin'linations 
(d* tln*s(* j^rowini* yi'ars should be seized upon by 
tests. We can tli(*n determine on tin* basis of 
th(*se chaii'.'in”' i)att(*rns of ird(*rests those that 
abide and coriTspond to the r(‘aliti(*s (d‘ tin* voca- 
tional situati(m. 

(vi) I must refer to another lim* (d* work in 
this conn(*ction which has been (d' us(* in the West. 

It has b(*(*n found that manual skill di'pends 
upon a larm* number of factoi-s."’ It is nec(*s.sary 
to uinh'rstand how far in the pread(desceid y(*ai's 
tln*se del(*rminini» te(U*nei(*s can In* d(*velo|)ed 
throuf»h traininj^. .\nalysis of these factors, th(*n, 
is the tirst re(piisite. 

(vii) .\ similar line of reseandi is snji}iest(*d by 
the numerous studies on the (‘haracti'i* id’ mechani 
cal aptitudes."’ It is also found that tln*re is 

24. \V:dlon, U., nianmdlt*, lierue de la 

srienre do traoait, m2‘>, No. 1. ]>. 217 2S2. 

(icniclli, UcchncliPS Mir les diaj’iio.stic dc t'haliilitc 
niolricc Op cit. ]>. 1SI-1')7. 

25. Italic, Marrai* and olhcrs, A test <jf iiieolianical 
Aptilu<tc>. Nat Inst. I’M ch. P>2o. tieprinl No. 3, p. 42. 
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a hi^^h of ('(n'rchitioii hriwi't'ii llic (‘a])acity 

of spacT tliscrioiination and pcrccplioM of forms. 
It is a pnihlcm f(ir iiivcsli.iration uhrlhor tlu* dove 
](»pmont of (lie last hkmiI ioiicd (‘a|)a<Mly loails to 
tlio dovclopmoiit of tlu' others. 

There are numerous prohlems of the same type 
whieh re(piire solution if the aiititmh's id‘ students 
for S(*holastie and vocational eareei’s are to lu* 
a<le(piately measured. This, Imwever, needs the 
set tiny- up of specdal lahoralories for llu' jUir])ose. 
I turn t(» the foriiiulaliofi of this sunucsI ion. 

Setting up ii Laboratory 

The foniiulatiiui (d‘ tests and analysis »d' eapa 
cities i‘i‘(|uire |)n)lon<i(‘d rescsireh. I su^^'est that 


laboratories with adequate equipment be set up 
at various university centres in India to carry 
through tin? <liffereiit lines of work suggested 
above. The cost noe<l not he very high in the be- 
ginning. It may be spead over five years at the 
end of which the laboratory will be in tlie full 
working order. \ number of promising students 
may be awardeil fellowships to work in the 
laboratory and to <lo some amout of field-work in 
eonneetion with vtu'atituial tests. 

I desire to emphasize the view that the mental 
tests that abound in the West are not readily appli- 
cable to the Indian conditions. mere transla- 
tion from a Kuropean language to an Indian 
language is not likely to yield any result of 
signilicanee. It will be necessary to nd'ormulate 
and re-standardisc‘ them. Prolonged laboratory 
work is, therefore, imlispensible. 


1250 KV. Generator for Cavendish Laboratory. 


This (amiumige, Kngiaiid, laboratory has 
re«*ently been supplied with a generator capable 
(d‘ producing continuous voltage. It is to be dis- 
tinguished from an impulse genej-alor, whieh can 
only deliver the full power at intervals whieh 
last soim‘ millionihs of a sei-oml. The eipiipmenl 
is of the ('asea<le lyp<', in whieh the widl known 
principle of \a)llage mullijiHeation through several 
stages by means of valves and condensers is 
employed. To eiisurt* the necessary low voltage 
ilrop and small heating energy of the filament in 
the high tension rectifier, gas filh-d rt'cli lying 
valves are used. The filaments of these valves are 


healed by a small high frequency generator, wliieli 
pas.ses current through the .siu’ies of high tension 
condensers ami also thi’oiigh small coils which arr 
arranged between and in .series with the (•<»!! 
ileii.sers. The out put. of the geiieiaitor is a K\V., 
I.C., 4 mil'iampen'S at a constant tension of 
KV. and there are 12 stag(‘s which operate at a 
frequency of 21)0 cycles. The v«)ltage drop of llu‘ 
|)lant is 40 KV. at 2 milliamperes. The e(pii]mien( 
is to lie used .for the experimental work on 
transmutation. 

— Jour. FranJ( InsL, Sept. 1937. 
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Size and Longevity in Plants 

P. MaheHliwari 

TlniverHity of Allahabad. 


Size 

The hij^lu'sl nioiiiiljiiii pcnk, tin* river, 

the larj^est watcr-j'all and I lie hij^j'esl planed, are 
Mialters of interest ovtMi to the layman. 

The tremendous ranj^e ed' siz(‘ (‘xhibitrd by 
plants is perhaps not so well realized as it shenild 
be. On the one hand, there ai'e tin* bael(‘ria ami 
s(‘veral lower plants, whieh eaiimd In* seen at 
all witlniut the mieroseope. Some ol* tin' rnrim*r 
are so small that bUjOOO of them woubl have to b** 
plaeenl in a line to make' an imdi! Kvem atmm^ 
the ilowerin^’ plants, speeies beloiijiinj*- lo the 
j'<*nns Woljjia, so <‘ommon in our pools and puddles, 
arc* no lar^(*r than pinhea<ls. Roots arc* absent 
and the* llowers arc^ loo small lo be* seen uitinmt 
the* aid ot* povverl'nl lens. 

On the other hand, thc*re are tin* Emal^plns 
ti'ec*s cd* Australia and the Sequoias of Oalilornia. 
whieh may well In* eallc'd the i)ridc*s of tin* forest. 

The .\mazon Water Lily' (l^kloiiu regia), drst 
disc‘overc*cl in ISOl in the waters cd' tin* Amazon 
and its tributari(*s, has now be^un to be vei*y ptepn 
lar in eultivation. Its round lloatinj^' leaves, with 
the marj.'ins lurned ill) ubout 2" hit»h, ^row at the 
rale cd' about 1" pc*r hour and in favourable eir 
eumslanees thc'y may attain a diamelc*r cd’ tl-7 feet. 
They aia* so stroiii'- that small boys or slim ladic*s 
('an throw on a thin board to distribute* the 
weight, sit upon it, eul off the leaf-stalk and 
paddle* around as if in a boat! The fully op<*n 
llowers are S Ki" in diaun*tc*r and exhale* a deliei 
oils fraj'ranec*, somewhat like that cd' pine-apple. 
Rieture posteards showing a eliikl sit liny on one 
of the leaves of a yicioria regia arc* very popular 
and ean be had at a very modei*ate iiriee at the 

1. This is re.illv not a "lily” at all but a member of the 
lotus family {Ntjmpheaceae), to ^vlliell also beloiiys the 
familiar ''Icamal" of Ilimli ami Saiijskrit writers. 


eulrauec* to most cd* the hcdaule.-d yai*deiis cd! 
Kurcipe. 

Xcd. l(*ss strikiny is the* tlowi‘i* of Rajjlesia Tiian- 
Miidae, a remarkable^ parasite*, native of Sumatra. 
The plant lias nc‘itber stem nor lc*aves. but consists 
merc*ly cd' a yiyaulie llowc'r whose stalk is stuck 
into the* lruid\ of some* trc*e from whieh 
il dc‘ri\c‘s its nourishment. Tin* o|)en llowc‘r, 
whieh is dull-red in colour with yellowish 
white s[)ots, mc'asurc's d fc‘el in diameter ami 
wc*iyhs more than 7 seers! It has an 
cd'f(‘nsive odour like* tiiat putrid iiic*at and attrac*1s 
uumc‘rous tlic‘S, whic*h are sUi>posed lo be* respon- 
sible for its poMination. Accurate* iiiformat ie»u on 
tile* mode* of distribution cd* its scc‘ds is not avail- 
able*, but it is said that, tin* fruits arc acc'ideutally 
traiiiple*d upon by wamlc'riiiy eU'pbauts, pi^s ami 
edlier animals and the seecls which adhc're* to tbe‘ir 
fe'ct are rubbed off ayaiiist tlie* |)roje*e*t iny horizon- 
tal lends c.)f other tre*es. Ilc're* tlic‘y ye*rminate, 
promptly e‘stablishiny contact with the* host to 
enable them to draw upon its rc*se‘rve*s for their 
own yrowth. 

'rhese are* both iide*re*stiny e'xamples cd* l<‘af 
and llowe*r size, but il is amoiiy the* tre‘e*s that wc* 
must look fen* real yiyanti<*ism. The first to 
attract attention is our own bau\)au tree (Eiciis- 
benglmlemisjj vvliiedi is eommon in every villaye 
and affords a weIe.*ome* shade to man and be*ast 
alike. The specimen in the Royal Ikitanieal (lar 
dens, Cal emit a, is speetially famous for its size. 
Kiylity-nine feet in he‘iyht and with (iOO aerial 
roots aetiially rc)ole*d in the yroiiml^ its eanoiiy 
yives the^ appe*aranee of a small forest rather than 
a sinyle tree. Jn Did the main ti’Uidx was iin fortu- 
nately attacked by a funyus, whieh cjuiekly spread 
over many of its branches. The dise*ased parts 
were ])romptly removed but Ibis has left a yap- 
iny void in the eetdre of the trunk and weakened 
the* tre*e to siiedi an e*xte*nt that it is doubtful 
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wliellier it will livo very lon^ now. Kvc*ry I'fTorl 
has, liovvovor, hccn made to piTVonl il iVoni a 
simile (leeay. 

The Tri'e of Tule (Tuxodium mucronatiim) 
must he m<*MtioMe<l in any aerdunt dealing- with 
tilt' si/e of plants. It stands in tin' eiinr(‘liyai‘ii id‘ 
Santa Maria del Tide, ‘JoO inih‘s south east ol* the 
(’ity of M(*\ieo. Ih*nt‘. (\ .1. ( M)and)erlain {retii*e«l 
IVofessor of iJotany at the I’nivio'sity of (‘hiea.uo 
and an eminent authority on ( lymnosperms) jiives 
a partieularly vivid description (School Sci tV 
Maths. 11)121): - “More maj»‘stic proj)ortions 
would he hard to ima«in<‘, for the trunk is oO ft. 
ill diameter and a rej'imeiit of soldiers could rest 
in its shade. Twenty-eij'ht ]»cople, with out- 
stretched arms and with Hn^ci'tips touchirm', can 
just r(‘ach aroumi tin* trunk!! 

Height 

Information on the iKuahts of tre<‘s is indortu- 
nately not very reliable. Many of the records are 
the results of a mere omdar estimate or guesswork. 
Jt has been c'laimed that somi* Australian Kucalyp- 
tus trees reach a height of 4r)()-r>()() feet. Mr. 
II. I). Tiemann (d‘ the V. S. h’orest Service, who 
spent some time in Australia and has made a criti 
cal study of tin* <|uestion, says (Jour. Forestry, H).’!;')) 
that there are hardly any specimens that exceed 
1300 feet in heijiht, and that “ as tin* optimum 
| 4 :rowth (d‘ these trees coinci<les with the civilized 
inhabited rejiions in .\ustralia, likelihood now of 
finding some as yet undis('overed trei* (which is 
taller) is small.” 

The “ redwoods ” (Sequoia) of (^difornia enjoy 
the reputation of being the largest and tallest 
trees in tlie world. In the Calavei-as drove in 
southern California a house has bemi built on the 
top of a polished stump which is 27 ft. in diameter! 
A specimen in the Vosemite National Park, popu- 
larly called till* “ drizzly diant ” is about 20 ft. 
in diameter and 204 ft. in height. A gateway cut 
through the base is large enough to i>ei’mit 
automobiles to pass through it! Another, in the 
lJumboldt State Kedwooil Park, is 204 ft. in 
height and may well be the tallest living thing 
ill the world. 


Age 

Among animals the tortoise is said to live 
longest (400 years/), some dreeiilaml wluiles come 
second (200 years?), am] the third place probably 
goes to the elephant (200 years?, in captivity), 
heaving these, it is probable that man is the 
longest livt'd of all animals, 'rinua* are st'veral 
undoubted records td' piM'sons attaining an age of 
a hundred years, some <d‘ PiO-PiO y(‘ars even; but 
newspaper re|)orts siudi as we som(‘tim(‘s read of 
women living up t«) 140 or lot) years are not ail 
(liiite reliable. They must be checked by an exa- 
mination of the following data: (I) Date of birtli, 
(2) Date of death, (2) Proof that it is one and 
tlu‘ .same person whose records are b(‘ing 
examined. 

Among plants most of the weeds that we sec 
around us develoi), re[>roduce. and die within 
a ])eriod of about 4 months. Others like tiu* beet 
(Beta vulgaris), reipiire tw«) seasons to comiibdc 
their life histtiry. Still othei's, (‘alle*! perennials, 
live year after year and oflmi attain a very long 

ag4*. 

H(»w b> estimate the agt' <0* a tree is a (pu's- 
tion that is friMpiently ask(Ml. In all woialy iilants 
an increase in thickness takes place liy th(‘ a(‘li 
vity id* a meristimiatic laym* or cambium, which 
gives ris4‘to new wootl cells (xylem) towards its in 
side and thereby adds to the girth of the roeds and 
stem. In temperate ami cobi climates tin* cells 
id’ the wood formed in spring ai'e much broadri* 
than those formed in summer. In autumn very 
few new cells are formed and in winter mme a I 
all, since the cambium becom(‘s dormant under 
conditions of low temperature. It thus ha])pens 
that the summer wood of one year (say UKlIJi 
adjoins with tin* spring wood of the following 
year (l!)27), and there is a sharp line of demarca- 
tion between the two, which is visible even to the 
naked eye. To determine the age of a tree, one 
must cut it at the liase and count the number of 
such lines. This will give the ajiproximate num 
ber of summers (or years) which il has ])asse<l 
through. 

A stump of a deodar tree (Cedrus dcodara) 7(14 
years old, with one of the cut ends polished ami a 
number of events of historical importance (e.g.. 
erection of the KuUib Minar, accession of Allaud 
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din Khilii, of Mohainniail Tu^hlak, invasion 
uL* Timur, accession of Ak})ar, invasion of Nadir 
Shall, ot(*.) whicli it has witnessed, written upon 
ill bold letters, lies in the museum of the Korest 
Resea reh Institute, Dehradun. 

No one would, how(‘ver, allow a valuable tree 
to be felled merel^V for the euriosity (d‘ kiunvinti 
its aj>e. We ran theref<ire make only rou^li 
estimates. A braneh of the liij* Ti*ee of Tide, 
whieh was less than T) feet in dianuder, showed 
about 200 ring's on a radius of 12 inehes. The 
tree itself, whieh has a radius of 20 feet at the 
base, should therefoi’e be about 0,000 years old. 

With the help of a similar ealeulation the a}ie 
of some of the Seipioias has been estimated to be 
4,000 years. 

A higher estimate has been made in the east* 
of the famous “ Drajidii Tree ” (Dracaena) of 
ttratavia, in TenerilTe, whieh is said to have been 
a llouVishin}*’ tree when tin* (binaries wen* first 
explored by th(‘ Kiiropeans in the Ibth (Vntury. 
The traveller, Alexander ITumboldt, who visit- 
ed it towards the (Mid of the ISth (\Mitury, des- 
eribes it as havini^' a j»irth of about 50 tVet and 
a heij»ht of 75 ft. Krom the euts and eraeks on the 
bark exude<l a <lark r(‘d resin, whieh ‘•ave tin* tree 
its name. Humboldt (‘stimated its a^e as 5-0,000 
y(*ars but it is imiiossible to be sure of this, sinee 
the Dracaenas do not show any annual rin«*s. Tn- 
fortunately the tree was destroyed by a storm in 
ISOS. 


In warmer regions, where the winter is not 
too eold, an increase in Ihiekiu'ss of tin* stem 
e.ontinues throughout the year and the wood of 
one .siMison is not sharply marked off from the 
other. In sueli eas(‘s also, it is impossible to 
estimate the age t)f th(‘ tree, and we can 
only fall back ui)on aetiial historical records, if 
there are any. Of gri'at interest in this res|a‘ct is 
tin* bo<lhi trec‘ growing in .\nuradhapiir (tVylon). 
This was grown from a branch lakmi in 250 It. 

from the famous tre(‘ under which (Jautama 
attaiiHMl his Ituddhahood. It is still healthy and 
its age, 2, 1 ST years. (Minnot be doubt imI. 

It is perhaps jiiMdiiUMit to ladVr h(M*e to the 
stories about the germination of Kgyptiaii mummy 
wht‘at, liOOO y(*ars old. A (ieniian prolVssor, who 
was anxious to tt^st their imwtM* of geianination, 
watehe<l his pots every day with great coiumm'II. 
His chihlriMi. who were clever iMioiigh to noti(‘e 
their father’s anxiet\. sowed soim* fresh wheat 
in the pots, which of course di<l germinate. Tlu* 
pndV.ssor, thus d(‘ceived, wr«»te that he had been 
able to g(M*minat(‘ tlu‘ mummy wheat. Some 
years laliM', wliiMi the childriMi gr(‘w and told him 
the truth, ii(‘ pidilisluMl a ('ontradiction, which 
has not beiMi notici'd so widely as tin* original r(‘- 
port. Recently some samples of wluMit found in 
tli(‘ excavations at Moh(Mi,iodar») and believed to 
be 4,(m)() yiMirs old, wcmt put to a ttxst by Prof, 
d. Imthra of Lyallpur (.sen* Cwr. Sci I9db/d7. 
p. 4S9), and, as ex|)c(*t(M|, they were fonrnl to be 
completidy carboiii/.ed ami incapabb' of gei 
lion. 
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Aiiuthiiath l>alta 

Depart tiiciit of PsyelioloMY, UniverKilv of ('alfiitta. 


Psv( iioLoi.v h;is rxrrltMl its tm 

iioloyy to a ‘41‘cat cxtoiit. It lias prolniindly 
iiiodifitHl tlip old idoas alioul (‘riiiiinalily, and liy 
putting’ forward iu*w llirorios of crinio it lias 
drawn attention to tlic nerds of ndonnin*;- the 
existing methods of |)iinisliim'nt . Onr purpose 
in Miis artiel(‘ is to t'onsider whether and how far 
the Indian Law of (h’iiiie lias been affeetcMl hy tlie 
psyeholojiieal theories. 

‘ (h*im(‘ ’ nu'aiis an act or omission mmle 
punishahle hy the sovereign jiolitieal authority, 
while ‘ eriminal ’ means an indivi<liial who eom- 
mits a erime. So ei'ime is the ereation td‘ law 
and ean therefore In' eommitle(l only in an orj^a- 
nized soeiety. The essential eoiiditions of erime 
are — (ij it must Im* done hy a person of eompe- 
tent a^e and of sound mind, (It) it must he done 
voluntarily and with eriminal intention, and (ill) 
it must, he punishahh* hy the authority. 

Psyeholoj*ists a])proaeh the prohleiu of erime 
from a new an^le id* vision, 'Plo'y hold that there 
is no fundamental differ<*n(*(‘ between erime ami 
neiii'osis. Aeeordinj** to them <‘rimes and mental 
fliseases are both anti-soeial and abnormal traits, 
because in both id’ them “ we are eon('erm*d with 
a secret, with somethin”’ hid<len.” Therefore to 
understand the problem (d' erime we should 
clearly iimUu'staiid the eriminal miml and this ean 
be done by folio winj^ more or less the saiiu* 
methods and t<'ehni(iue that ai'c used in lieteetin” 
the causes of mental diseases. 

ruder the Indian Law a child umler seven 
years of a^e' is free fi’om eriminal liability. .\ 
child between seven and twelve years (d’ a”e‘ or 

1. “Nothing is .in offence which is done by :i child 
uinlcr seven years of a^^e.” (Sec. S2, I. J*. C.) 

2. Nolhinj; is an oirenee which is done ])>• a cliild above 
seviii tiinl uinler twelve years, who has not attained .siiniri- 
eiit maturity of ninlerstandin^r to jndife of the nature and 

con.seciuence of his conduct." (Sec. SI, I. I*. C.) 


a person id! unsound mind-* or a person umlei* in 
voluntary intoxication* is exemptdl from eriminal 
responsibility only when lie is ineapabli* of know 
in*^ the nature and eriminality of the act. .\ 
person of eompetent a”e and of sound miml is 
liable for his aet, heeaiise the presumption of law 
is that every person is of sound mind and ])ossesses 
suftieient reasoniii”- capacity as to be responsible 
for his act. The law, however, exemiits him from 
eriminal lia])ility if he ean provi* that he aided in 
good faith or he <lid it oidy “ to avoid eoiise(|neiiees 
which could not otlun-wist* he avoided, and wlii<di. 
if they had followml, would have inlliettnl upon 
him or upon wdiom he was hound to protecd in- 
evitable and irreparable (‘vil, that no mort* w;is 
done than was iimsonahly necessary for that pur 
pose, and that tin* evil inirndmi hy it was imt 
disproportionate* to tin* (‘vil avoided.” 

The crimes may be* elassille'el nmle*r the* follow - 
iiijr beaeis: - 

/. l'olitie*.al 

J. Non-peditieal--(a j Keonomie*, (h) Se'xiial, 
(c) He've'ii^e'fnl 

J. Pathe)le)”ie*al 

Political cnVnc.s -Severe* pe*nallie*s are 
e.ui criii’inals who in any way try to jeopardise llif 
intere*st of the State, (cf. I^en^al lie*”ubition 111 
e)f 1818, Idaelras Hcf^ulation It of 181!l, llonibax 
Kt;”ulatie)Fi XXV" eif 18127, the State I’riseuiers Acts 

3. is ail oUencc which is done b\ a iM-e-nii 

wlio, al tin* time of doin^ it, by reason of uiisouinlin ss <•' 
iiiiiui, is inciijiable of knowinj.; the iiatuve of the ;u t or tlml 
he is doiiij; what is either wronj; or contrarv to law." (Svf 
84, I. V. C.) 

1. “Nothiiijj; is an offence which is done hy a pel ei 
who at the time of doiii|f it, is, by reason of intoxic:ili<’’' 
incapable of knowin/r the nature of the act, or that Ii* i. 
iloing what is either wronj^ or contrary to law; pio\iilf 
that the thinj^ which intoxicated him was administen-I i* 
him without his kiiowhMljje or against his will” (See. 

I. P. C.) 
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of 1850 and 1858, JVnj^al (^riminal Law AiiummI 
iiKMit Aot of lOllO, llon^al Suppression of 'rernn’isl 
Outrages Art. XII of !!lo2). As a matter of faet llie 
p<»liti<'al criminals hazard their interest. th(‘ir 
freedom, their home and a(T(M*li«in, and <‘ven their 
life for what tliey conceive to he the well heiim 
of the society and the nation. They stand against 
Ihe powerful with I he i<h‘a i»f re<lressin^‘ the 
^■ri(‘vances of the W(“ak. They aim at the dt‘li 
vcrance of tin* o])]>]a‘ssed or the suhju<»aled people 
from the oppn'ssors. They are not actual «‘d hy 
Ihe same sort of motive as incites Ihe ordinary 
criminals. 

Non-political cfimcs \on-p«)lil ical criminals on 
the contrary are acliiat(M| hy the molive of self- 
inleri'st, e.jj., <lesire to ^ain (»r to dominate, cupi 
<lity, etc. 

Pathological crimes Thma* is always an appar 
('lit molive in Ihe commission of (H'dinary erinn*, 
hut tluTC is no apparent motive* in the pal holojiical 
crime*. He ■re an individual commils theft of 
olijects that are of no conseeiuenee* or are of 
small value (kleptomania), or assaults another 
person or persons without heiim' excited (sadism). 
It is oidy in the* e'asc of the rich and ^•ene*rous 
pei’sons, that this tende*iicy is considered as a 
dise‘ase. 

Nenv the ((ucstion is what are the e'auses !l .*1 
make* an individual a (‘riminal. X'arious theories 
have hee*n formulated. It is sometimes said that 
‘•I’iiiiinals are* horn as such. The origin of this 
notion is prohahly due to I he teaediiiiu of Lomhroso 
who advocated that the criminal mind is a spe*eial 
type* of mind that is inherited and transmittled as 
such. Psyclniloj'y has howeve*r hroii.iiht t«» liuhl 
that this * special type ed' mind ’ desm-ihed as 
criminal is found not einly amoii^ the criminals 
<lctecte‘(l and punished, hut is also to he notieed 
•iiiion.i.^’ the honoured and respe*cle*d j^roiips ed* the* 
soedety who can in no way he* coiisidere*d as heloii^^- 
inj4‘ to the hereditary criminal class. The crimi 
mil tendency, therefore, is not always inherite«l 
hut may lie an aee[uireMl trait as we‘11. 

Another thewy maintains that the criminals 
not of the normal calibre theii* mentality 
I'e'injr bedow par. If we eonside*!* tlie mental capa- 
<*ity of the criminals we often lind that the crimi 


nals are not always abnormal pei’sons or persons 
«)f low int(*llijience. Amonu the criminals there 
are i)ersons who are as inteHiire*!^ as ‘‘■eniuses 
and th(‘re‘ are also persons who are* no better 
than idiots. Probably the lhe*()ry has its origin in 
the fae't that the intelliji-e*!!! e*riminal usually 
e'xades the law to ;:ain his own ohjeet. where‘as 
the criminal of low oi* defective* inte*lli.‘»e'nce falls 
an easy victim to the law of the eoni’ls. 

A man’s behaviour is largely determine<| hy 
i'livironniv'iital conditions. So it is natural to ask 
whether environment is a factor of erime*. 'riiere 
is no doubt that the* favourable* or unfavourable 
cnvireuime'Ut produe(*s a j»'oe)d or a bad man. In 
pove*rly people* often commit crimes to ke*ep body 
and .seeni to^e'ther. Ibit it (‘an b(‘sai<i that (‘n\iron 
men), c.fJ., |)ove*rly, de*slil u1 ion. edc., is ned so 
powe*rful a faeten* as the nu'iital slate because* 
the re* art* thous;mds ed' j)e*rsons in India who wake* 
up in the* niorniny without knowinji’ what they 
will (‘at or whe*re* they will sl(*cp at niclit, still 
they are* as hont*st as pee.ssible*, and elire*st pove*rty 
and destitution cannot te*mpt the*m in any way 
to commit any crime*. The*re*foi*e* althou:. 4 h p(»V(*rty 
is one ed* the e*ause*s ed' crime*, it can be said that 
it is not the delermininy cause* ed' it. 

Ignorance of law is som(*times he‘lel lei be a 
cause* of crime. This lhe*ory can be easily set 
aside* on the* ^rouiul that on account of com])lex- 
itie*s of the* sysle*ni of law e*V(*n the courts some*- 
times liml it diftie-ult to ele*eiel(* what the* law is 
e»n a particular peiinl. Moreovei* Ihe* kn()wb*di»e* 
ed' |)UMishm(‘nl (‘aiimd preve*nt semie p(*r.seins freim 
, crimes as the* kneiwle*elne eif Ihe* elisast- 
roiis ceinsee|ue*ne(* eif \enereal eliseast*s canned pi*e- 
ve*nt some persems from irnlulj^inji in prollij^acie's. 

.\ view is pi’evaleiit that the* reli^iein pr(*vents 
pe'ople from committing' crime*s. It is true that 
re‘li»ie)n, in the usual se*nse* eif the te*rm, moulds 
lied only the* spiritual but also the social and 
political life ed' an individual, bill wh(*u we consi- 
der the effect of i*e*liuion on the mind ed' the* crimi- 
nals we fre*epie*ntly find that it has no el(*terrenl 
effect on the*m. In the* name of re*lij»’ion , p(*ople 
often (‘ommit unthinkable offences. Instances of 
this can be found by sceiri*s in any religion. 

.\.s to the cause of crime* the fundamental 
assumptions of psycholoj'y and law are dilferent. 
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Kroiii tiu* psych point ol‘ view, motive is 
the most importnni constitution in the commi 
ssion of crime, hut from the lejial point of view, 
intention is the most importiint factor. When 
we consider the meanings of the words ‘ motive ' 
and ‘ intention * we find that they are not so difVer- 
ent as they seem to l)(‘. Only diffmanuM* l)etw(‘(‘n 
them is lhal one is the part of tin* other. “ The 
woi’d ‘ inteiil ’ hy its (‘tyiiiol<)j*y, seems to have 
metaphorical allusion to arclu'ry, and implies 
‘ aim ’ and thus connotes not a casual or nnn’ely 
])ossil)le result -foresetm ])erliaps as a not im- 
prohahle incident, hut not «lesired hut rather 
cnnru)tes the one object for whicli tlie effort is 
made and thus has reference to what has heeii 
called tlie dominant motive, without which the 
action would not have ht'cn taken. Tlu‘refor<‘ 
intention shows only the nature i)f tin* a<‘t which 
the man helievt's lie is doin^'. Motive on the 
contrary, “ is the reason which induces him to do 
tin* fact which the intends to do or does.” The 
law i}»’nores the motive and r(‘co}ini/(‘s the inten- 
tion of the act, hut psyeholo};,y which looks at 
the root, is concerned more with the motive than 
with the int(‘ntion. In dealinj*' with <*rimes, 
modern psychology, therefoi’c, insists that the 
motives of the criminals shouhl he a<lerjnalely 
considered. 

In ord<*r to lirinj^' the trial to a speedy «*los<*, 
the court lakes into acc(Mint the confessions <d* the 
accused and tlie evidence (d’ the aceompliiM*. The 
law on the relevancy of the eonfessitui is- “A 
confession made hy an accused person is irrel 
evant in a criminal proi'cedin.y-, if the making' of 
I he contession appears to the Court to have been 
caused hy any inducement, threat or |)romise 
havin;;’ reference to the charge against the a<*cuserl 
person, proceedinj;- from a |)ei‘son in authority 
and suftieient in the opinion (d* the Court, to “ive 
the accused person ‘irounds which would aptiear 
to him ?-easonahle for su])po.sin«» that by makinj>: 
it ho would yain any advantage or avoid any 
evil of a temporal nature in refereiK'e to the pro- 
cee<linjis af»ainsl him.” (S<*c. 24, I. K. A.) The 
court, therefore, tak(‘s special care in considerinji: 
the confession of tlu‘ accused in a criminal trial. 
“ A ma} 4 :istrate shall, before recording any such 
confession explahi to the i)erson makinj^ it that 


he is not bound to make a confession and that if 
he does so it may be used as evidence aj^ainst him 
and no magistrate shall record any such confes- 
sion unless upon questioning the person making 
it, he lias reason to believe that it was made 
voluntarily.” (Sec. U)4(2), CV. P. C.) 

Inspite of all the precautions taken for admit- 
ting the confession of the accused, the law makes 
an error, because it ]>resumes that ” no man will 
voluntarily make a statement which is against 
his interest,” but it is not infreiiuently found that 
a person may voluntarily make false statements 
under certain conditions, e.g., self-delusion, des- 
pair, guilty conseienee, prison life, eti‘. 

As regards the evidence of an accomplice the 
law is “ An accomplice shall be a conqictcnl 
witness against an accused person; and a eonvi<*- 
lion is not illegal merely because it pi’oceeds upon 
the inuMirroboratcd testimony of an aceomplict*.” 
(Sec. 1. 10. A.) 

In the ease of evidence of an a<'compliee, the 
law acknowledges the sound principle's of psycho 
logy. The testimony eif an aeeomiilice, who is a 
particeps criminis and who is usually iiiteresteMl in 
the result, is looked upon with sus])icion. Sncli 
evidene'c is admitted only wln*n it Ix'comes ini 
possible to firing the offemb'r to Justie*(‘. The 
I0vi<le?n*e .\ct tlu'n'fore lays elovvti a rule ed* gnid 
a nee fen‘ tin' court. TIu' <‘ourt may ])r(‘siime llnil 
an aeeompiiee is unworthy of ereelit, unless fic is 
corroborated in material ])ar1 iculars. ” (See. Ml. 
III. (b), I. 10. A.) 

Wc shall imw consider tlie effect of punish 
mciit, but befeire eloing that let us first see what 
the object of piinislimenl is. IJcgarding tlic oriL’iii 
of punisbiiK'nt it can lie said that it was priniar' 
ily mcaiil for taking I’evenge on the wi’orig doer 
or to be more p.sycliologieal it was the libidinal 
element trying to ” gratify tlie sadism of the 
punitive bodies,” but with the progress of tiim*. 
the tiriginal idea, of punishment has undergone 
many changes. Punishment is now^ regarded as a 
necessary measure for (a) the reformation of 1h“ 
criminal, (b) the jirotcclion and defence of thf 
society and (c) tin* jircvention of future crime and 
warning to others. Tlie original idea of revenge 
seems to be still predominant in the present system 
as is evident from the kind and degree of punish 
ineiit. The desire to punish an olTender for 
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conimittiiiK an offence is to satisfy the feelini? of 
revenue excited by the crime. Mayne in his 
Criminal Law of India says ** that in the case of 
crimes, it is the duty of the State to undertake 
the prosecution of the offender and to sentence 
him on conviction in a way that may operate 
as a punishment to him and as a warning to 
others.** 

Under the criminal law of India the followiim 
classes (»f punishment are inflicted for committing!: 
different offences. 

1. Death, 

2. Transportation, 

3. Penal servitude, 

4. Jmprisonment — Rigorous and Simple with 
or without solitary confinement, 

5. Forfeiture of property, 

6. Fine, 

7. Whipping:, and 

8. Detention in Reformatories, 

IVnal servitude is inflicted on Kuropeans and 
Americans as an alternative to transportation. 
Solitary confinement is awarded in addition to 
imprisonment, but not as a substantive sentence, 
fliivenile offenders* are sentenced to or detained in 
a Reformatory School for a certain period. 

Does the modern system of punishment achieve 
the objects enunciated by Mayne f We give in the 
next page soinc tables of the various crimes 
committed in the Town of Calcutta and its 
Suburbs during the last few years. 

An examination of these tables reveals the 
following liroad facts. 

1. The average number of cases between 1928 
and 1935 of coining was 35'50; murder, 23*25; 
robbery 19*03; burglary, 554*25; and thefts, 
3732*25. 

2. The number of juvenile offenders was the 
largest in 1929, being 5657. Then there was a 

• ‘ Juvenile offender inean.<t sin offender whom the 
t'ourt, after making such enquiry (if any) as may he <leemed 
>u*cessary, shall find to he un ler sixteen years of age, the 
n riding of the court in all cases being final and conclusive.” 

S, Act. IV. of 1909) 


well-marked decrease in number till 1933 followed 
))y a rapid increase. Tlie number of offenders sent 
to reformatories varied between 2 to 6%, i.c., on 
the average 4%. 

The incidence of reconviclion of old offenders has 
increased. Though the number of reeoiivietioii 
varied between 15II8 to 3901, yet it can be said 
that there were on the average 2416*6 convictions 
a year. 

Wc can thus see that the present metliod of 
punishment is not suitable for the prevention of 
crime or for the improvement of the eriminals. 

Jt would not bo out of plaee to consider the 
effect of punishment on the criminals. It is a 
common belief that punishment prevents erime. 

It is true that punishment restrains erime to a 
certain extent, but it does not prevent the develop- 
ment of eriminal urge in the individual; that is 
to say, punishment does nothing more than sup- 
press to a certain degree the criminal acts. Tb«' 
most striking fact about punishment is that it 
produces different effects on different individuals. 
What is punishment to an individual may not be 
so to another. Imprisonment to a poor, destitute 
individual is not a severe punishment, because for 
him prison is nothing hut a home and he is some- 
times better off in prison, but it is a .severe punish- 
ment to an individual who leads an outdoor life. A 
fine of hundred rupees is a terrible punishment to 
a poor man, 1)ut it is praetieally no punishment to 
a rich man. Imprisonment instead of preventing 
crimes often becomes one of the causes of the 
increase of erime. It is no wonder therefore that 
the prison is looked n])on as the Institute of (Vime. 
Here all kinds of criminals mix freely and thus 
some of them get an opportunity to learn what 
they could never know otherwise. Imprisonment 
sometimes affects an individual in such a way that 
he finds himself in a heliiless condition outside the 
prison and thus fails to ailjust himself in the midst 
of the society. Moreover tlie society often does not 
forgive him for treading a wrong jiath, and thus 
makes his life hanl for him. Therefore when all 
his attempts to remain in the right path fail, he 
commits crime with the .sole oliject of going back 
to his old habitat or turns into a professional 
criminal. So imprisonment far from stopping 
crimes often gives rise to additional crimes. 
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As rej^ards the effeet (»f solitary confinement, 
the law says that loneliness would reform the 
criminal. J»nt psycholoffists say that the man is 
a social heiiip: and unless he is allowed to live 
amon**- his fellows he is like a fish out of water. 


So from the psycholoj^ical point of view,, solitary 
confinement, instead of.doiiij^ finy f?ood, tends 
to affect the mental health of the criminal. 

With rei|?ftrd to punishment on patholofjical 
criminals, it is to be noted that punishment fails 
to produce any effect unless and until the obscure 
and concealed psychic causes are explored. 


TABLE 1. 



1928 

1929 

1930 

1931 

1932 

» p 

1933 

1934 

1935 

Average 

Coining : 

No. of cas«*s 

23 

29 

27 

40 

36 

56 

40 

33 

35*50 

Casfs sent up 

20 

29 

27 

40 

36 

55 

40 

32 

34*88 

Cases convicted 

17» 

14* 

20 

25 

27 

41 

34 

19 

24*63 

I’ersotis convicted 

22 

18 

23 

34 

33 

52 

45 

19 

30*75 

Mvrder 

No. of cases 

23 

16 

20 

28 

32 

28 

21 

18 

23*25 

Cases sent up 

11 

7 

20 

17 

24 

20 

14 

15 

KPOO 

Cases convicted 

2* 

6* 

4 

6 

5 

11 

6 

10 

6-25 

Persons convicted 

2 

7 

7 

8 

• 7 

17 

10 

13 

8*88 

Rohbtry 

No. of cases 

15 

17 

28 

22 

24 

19 

16 

16 

19*63 

Cases sent up 

12 

13 

22 

22 

21 

17 

14 

10 

16 -38 

Cases convicted 

6 

8* 

15 

14 

17 

14 

13 

8 

11 88 

Persons convicted 

8 

8 

29 

29 

31 

25 

27 

12 

•21*13 

Burglary : — 

No. of cases 

921 

645 

589 

479 

4?8 

432 

426 

504 

554 25 

Cases sent up 

400 

349 

304 

299 

266 

234 

229 

234 

296*88 

Ca.ses convicted 

384 

305* 

264 

245 ' 

222 

212 

216 

217 

258 13 

Persons convicted 

467 

356 

324 

299 

270 

256 

286 

260 

314 T5 

rhpftH 

No. of cases 

4672 

4516 

4247 

3390 

2937 

2908 

3084 

4104 

3732 ?5 

C.ises sent up 

1757 

1824 

1''88 

1460 

1359 

1366 

1324 

1609 

1533 38 

Case.s convicted 

1478 

1532 

1253 

1205 

1151 

1098 

1176 

1348 

1280*13 

IVrsons convicted 

1625 

1671 

1496 

1307 

1306 ‘ 

124b 

1306 

1460 

1436 3.S 

1. 4 pendinj;. 2. 

7 pending, 

3. 5 pending. 

4. 1 pending, 

5. 3 pending > 

b. 8 pending. 
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To utiderstaiid crime we should look into the 
uneonseious roots oi’ social desires and motives. 
If we can understand the mind of the criminal 
clearly then possibly we can take such measures 
as will tend to prevent the development of crimi- 
nal iirfjre. Jhinishment is effective only when it 
aims at the removal of the mental attitude which 


punishment can never be effective in the case of 
all persons. The machinery of punishment should 
therefore be so adjusted as to reform and restrain 
the offender and to prevent the crime in the 
society. It should be enhanced to such an 
extent that it <loes not produce a demoral izinj*: 
ami dcffcneratinf? effect on the criminal or retard 
the yfrowth of the hijfher and nobler (pialities of 
of the criminal. 


TABLK II 
Juvenile Crime 



1923 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

Result of the 
(M-ses sent up in% 

Sent up 

3563 

5657 

2987 

1572 

1020 

1061 

1570 

2485 


Warned and discharj;etl 

1949 

2560 

751 

831 

324 

581 

1014 

1863 

4957 

Hound down as first 
offenders 

30 

41 

120 

46 

76 

112 

146 

96 

337 

Wlilpped 

183 

689 

242 

43 

26 

21 

46 

18 

6 3? 

I'ined 

934 

1802 

1394 

386 

296 

170 

156 

239 

26-99 

Sent to refoniiiitorios, etc. 

102 

109 

145 

71 

67 

66 

99 

99 

380 

Acquitted 

229 

219 

165 

160 

22 

58 

48 

51 

4 78 

Detained till ri.sinjj of 
the court 

115 

214 

153 


162^ 

53 

38 

69 

4 04 

TABLE III. 

19^6 

1927 

1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 Averajre 

< >1(1 offemlera 

reconvicted 1598 

1779 

1848 

2043 

1777 

2548 

2750 

2923 

3901 

2079 24166 

pi’ompts the criminal to anti-.social acts, 
it <loes so it will fail not only to effect a 

Unless 

decrease 

(i. P. Hofrff, f’hief Secretary to Ihe (lovernmimt 
of Heiifral, rifflitly oliserved in the ease of ))ej;j?ars. 


but will rather brinj; in an increase in the number 
crimes, (c/. Table HI.). In that case punish- 
'>*cnt becomes really more injurious than the 
‘•cil soujifht to be prevented. 

As it has been said before, the same sort of 


that, “ the procedure under the present law tor 
dealinjf with this problem is far from satisfactory. 
Action absorbin^^ much time and public money 
not infrequently results in the discharj^e of thi- 
accused after a warninj*: or a sentence of detention 
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till Iho rising: of th<* court.''' What said 

in the case oi* the hcf^^ars may also be said in the 
cfise of juvenile olTenders, (cf. Talile Jl), and to 
a modified extent in the ease of other ofl'enders. 
Every efi'ort should therefore he made to brint? 
out what is human in the criminal, i.c., every 
facility should be g:iven to develop his nobler 
(jualities so that in course of time he may be 
a useful member of the society. Jt is in this task 
that modern p.sycholoay can help us a trood deal. 

Prevention of crime is really the most <litTicult 
problem a society has to face. On the whole it 
can be effected by (\) chan«:e of environment, (il) 
control over the environmental factor, (Hi) change 
in the nienta) constitution of the criminals and 
(iv) by introducing changes in the present system 
of trial. 

It would be a definite improvement, I venture 
to think, if in the trial the court be helped by a 

I. ;\nnu:il Report on the Police A«hiiinistrattoii of the 
Town of Calcutta and its Siiburba ( m34). 


separate department manned chiefly by psycholo- 
gists and physicians. The function of the depart- 
ment should be to make proper enquiries into 
(i) the environmental factor, (i\) the past life, 
character and mental constitution of the criminal, 
and (tit) the psychological motive for the present 
crime; and (b) to determine what shouhl be done 
for the reformation of the criminal. The eourt 
should stop after making preliminary empiiry 
as to the guilt or innocence of the accused. Then 
on the basis of the empiiry by the separate deparl- 
meut, it should pass such orders as would be re 
quired for the reformation of the criminal and for 
the defence of the society. 

Psychology has not as yet exercised much in 
fluence on the Indian I jaw of (h*ime. It is 
certainly regrettable that the method of trial and 
punishment of criminals in India should still 
remain unaffected by the valuable researches in 
criminal psychology that are going on all around 
us. Let the lawyers realize their heavy respon- 
sibilities in the matter and the sooner they <lo so 
the better would it lie for the society. 


Forecasting Mountain Water Supply by photographing Snowfall 


It has long been recognized by users of water 
from streams along the eastern slope of the lioeky 
.Mountains that a boiintil'ul supply of snow along 
the (’ontineiital Divide in April means a bountiful 
supply of water ami vice versa. Demands for 
accurate information for predictions have resulted 
in various methods of determination. During the 
past few years If. fj. Potts, water rights engineer 
for the Deliver Boanl of M’ater (’ommi.ssioners, has- 
been developing an original method of foreca.sting 
runofi’ from the accumiilaled snowfall. At regular 
times (luring the year, but most frequently during 
the past winter and early spring, Mr. Potts has 
been taking pictures at the same spot on the (con- 
tinental Divide, located near Hoosier Pass. Each 
of th(se pictures is identical {is to location and 
takes ill a panorama of many miles, including 
nigged mountain peaks. After each picture is 
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taken the percentage of the snow area is deteniiiii 
ed for comparison wilh other pictures. During ll>‘' 
runoff season gaging stations are maintained as a 
means of checking the amount of water actually 
produced. Curves {ire plotted from this inrcnn- 
ation, to which is added a graph to show I he 
amount of precipitation from rain during the late 
spring {ind, summer. This information is hciti;.^ 
accumulated with the {inticipation that in tin* 
future it will be possible whenever a picture is 
taken and the percentage of snow area determimal, 
to predict the amount of runoff from snow that 
can be safely counted upon. Although the photo- 
graphic investigations have extended over a com 
paratively short period of time, the results have 
thus far been gratifying. 

Jour. Frank. Inst., Sept. 
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Agricultural Research in India 

We give below in sliorl I lie reeommendations 
and suggestions made by Sir John Russell, direetor 
of the Rolhainsled Kxperiniental Station, who eaine 
to India last eold weather In report on the working 
of the Imperial Coiineil of Agrieullural Rt'seareh. 
His report has just been published, and in it Sir 
John has sought to find an answer to the (pH‘stion, 
what can and must be done to make India's soil 
pnaluee more? He reeoinrnends an extension of 
the aetivilies of the (-ouneil and a widening of its 
powers. 

“ Agrieullural ami seientifie services should be 
set up with the double purjiose of edueating the 
eultivator so that he may better understand tin* natural 
forees with whieh he is d(‘aling, and of inereasing 
his means of taekling the serious problems with 
which he is confronted/’ 

His first and S(‘eond recommendations read: 
“ The success of the Coimeirs efforts shows that its 
general organ i/.ation and research programme are 
both sound and that it is a very effective agent for 
th<‘ improvement of Indian .agriculture. 

“ My proposals are for an exle-iision of its acti- 
vities, but always with the same purjiose — increased 
jiroduetion from the soil of India. 

“ An organixed research scheme implies a definite 
plan for agricultural improvement and means of 
ensuring that the results of research work are put 
into practice. I recommend, therefore, that the 
lowers of the Council be widened to comprise develop 
ment activities as well as research a<*tivities.” 

Throughout the report Sir John emjihasizcs that 
the most important and most difficult task before 
agricultural officers in India is to bridge the gulf 
•Separating agricultural experimental stations from the 
peasants. A fuller use of the existing seientifie 
knowledge is needed and it if; recommended that the 


CoiiiK'il should immediately iiupiire how this can 
best be done. 

He suggests that workers in experimental stations 
should repeat in simpiifi(‘d form their experiments on 
the cultivators' fields in their neighbourhood. He 
mentions in more than one place that tluTc is a 
desirability for taking a complete holding, not merely 
a plot, when trying out a new metluxl. 

f)n the subject of the study of insect pests, Sir 
John considers that the really Jm))ortant thing is 
not s/» miieh the working out of the life histories of in- 
sect pests but a survey in the field of how’ these pesis 
increase atul decrease, and, particularly, of the 
t'onditions whieh are favourable and luifavourable to 
them. It may then be possibh' to work out (‘hanges 
ill nuthods of cultivation that w’ill enable a crop to 
escape the ])(‘st or will reduce tlu* pest to such pro- 
portions that it W’ill be ri'ally negligible. 

Another point whii-h he mentions repeat<‘dly is 
the necessity for a rc’ally scientific* system of samp- 
ling for all types of research. In this matter, the 
help <if expert statistii'ians is reipiirt'd. 

.Sir John b(*ing himself essentially a soil scientist, 
his remarks eoneerning a group of dry fanning re- 
searc'h s<*hemes are jxeuliarly helpful. So also are 
his eommenls and criticisms on manurial exjieriments 
for all crops. 

He insists on the need for re-])lanning many of 
these on more uniform lines with clearer aims. 

Kmphasis is laid on the need for work on “ cash ” 
crops to be ilone in association with expert buyers or 
users of these crops. 

The fourth recommendation deals with the work 
on crops mainly retained for food in the country. 
Sir John emphasi/as the need for this w'ork being 
done in association with nutrition expert.s. In the 
ease of both types of crops the. need for higher yield 
is .stated thus: " Tliis increased productiveness i.s 
the main problem to which all other .should be sub- 
ordinated.” 
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Hf envisa^^fs, as a result of sufli increased pro- 
duetiveness, the liberation of land for supplementary 
crops and for fodder. 'I'bis residl is a{j:ain intimately 
eonneeted with nutrition, since amon^ these supple- 
mentary erops he hopes to see a great increase in 
fruit and vegetables. j)artieularly green leaf vegeta- 
bles, while the i>ulling of more land under fodder 
means a bigger and belter milk supply. 

Sir JoJni Iliissell reetimmends the subsidizing of 
university workers but says that such grants should 
be essentially personal. This is a safeguard so that 
the subsulizing of university work shall not simply 
mean iiiereasiiig the funds of the institutions. 

He also recommends (in reeommendatiem 7) the 
selling up of a soil conservation eomiiiiltce to collect 
the results of maiiurial trials, to wateli regions liable 
to erosion and to work out sebemes in <*onnexion with 
them and for various other jnirposes. 

In r<*eoinmendation i) be sugg«‘sts the »‘stablisli- 
meiit of a crop production eominitlee with very 
extensive terms of reference to deal with the consi- 
deration of eropping sebemes, mueli on the lines 
adopted by the crop planning <onferenee; general 
oversight of pn)gramm«‘s of research work on crops; 
organization of watching services to rep<»rt on the 
ineideiiee of insects and fungus pest and noxious 
weeds or other enemies of erop produel i<m and to 
arrange for Ibe working out of eonlrol measures. 

Fn his eli*v«*ntli reeommemlatiori he remarks: 
“ None of these proposals can altahi much success 
unless the standard of country life is raised, and 
this nci'cssitates the sellh rmiit of mon' educated men 
and women on the land. ” 

He recommends that the maeliirierv at the dis- 
posal of the C’ouneil for carrying (»ul its work should 
consist of • - 

(a) 'I’lie Imperial Agricultural Heseareli Institute 
at New Delhi, which should work in el(»se eo-opera 
tion with the rouneil and whose ])rogramme would 
he largely d(*])eTuh‘nt upon the problems confronting 
the (’ouneil; (hj a marketing hraneli, (cj a cadre 


of approved investigators and (d ) a staff of temporary 
investigators. 

H is last reetimmeiidation deals with funds and 
runs as follows: “These recommendations, if earri- 
t‘d intj) elleet, will necessitate an increased grant to 
the Council. I, however, see no other alternative, 
to an aeeeptanec of this suggestion. 

“ 'File Couiu'il is a co-ordinating agt'iiey which pro- 
vi<Jes invaluable assistance to provincial agrieul- 
fiiral diparlinenls and will afford still greater 
iulp if it is gi\'eii wider development powtTS that 
will enable it l(» bring to fruition investigations 
wlii(‘li at prestMil sloj) at the t'xperimeiilal stage.” 

Medical Profession in India 

An imp(5rl.''.nt n‘p»>rl on the organization of the 
medi(‘al }>rofi‘Ssion in India is published in a reernt 
issue of the Ilrilisli Medi(‘al .lournai. It (‘inhodies 
the ojnnions expressed to Dr (J. C. Anderson, t!je 
Secretary of the Jiritish Medical Ass(»eiati()n during 
his visit to India in IPiPi li7 and these* views are iiol 
necessarily shand either by Dr Anderson or. Ihe 
Council of the Hrilish .Meilieal Assoeiatie>n at the 
direction of which he imderte)ok his visit to India. 
He travelled toon* than 1(),()()() miles eluring liis 
investigation. He ^■isil^.‘d some tiO eenlres of medical 
wt»rks, inspteled insliliit ions of all ly]ies from tin 
largest lu)spital to the smallest eoimlry dispensary; 
and disenssed tin* problems ed’ mt clii al service* with all 
grades e)f ])ra(*titie)ners anel aelministrative* otHe*e rs. 
At the same* lime*, lu* pi 'iits exit that “ a mueli lemge*i* 
and wider inepiiry windd he neeessary for ihe ])re-.srM 
tation of an t*xhauslive revie w e>f the opiniems of all 
.sei*lions of the pre)fe ssie)n in ail parts of the ee>untr\ 
There may he, and probably are, other vie*w.s whieh 
w<*re ned expre’s.sed to me*.” 

'Fhere* are, relerenees in the report ehie‘lly to 
the p^aradox that while, in the* lovvns, epialifieel 
native praelitieuiers may he* e*re»vvde*d te)gethe*r te» “ Un- 
verger of starvatiem,” iliere are also ” large tracts eef 
eenintry wlit're* no me*elieal praiitiemer is witliiii 
re'aeh of the pe>pulae*e*.” 

Dise*onte*nt at the superior conditions and opporlu 
iiilies is said to he enje)yed by English doctors both in 
the Inelian Medical Se*rvie*i*, anel in regard to hos 
pital appoint me'ids. 
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'['lit* rxislciicf of iiu'dical schools, run hy private 
{•nterprist*, wIu‘It tlic sludtiit rcirivcs no training in 
biology whatsofvrr, “political or religious pressure 
being brought to bear in order to permit recognition 
as a training school. “ 

'['he market is Hooded with drugs and jirepara- 
tions of impure quality and defective strength. “ It 
is a well known fact," the report states, “ that firms 
in oth(*r countries maiiufaelure cheap and inferior 
quality drugs es])eeially for the Indian market with 
the result that local jiroduei rs follow suit.” 

should parli(‘ularly like to draw the at tint ion 
of the reader to what the report says with regard 
to the conditions of the medical profession as it 
I'xists in the country. 

With regard to country districts, the rejiort 
stati's: 

" 'I’hese areas, which eoustilute the real India, 
are particularly without any suitable or adeejuate 
medical attention, whilst the ])rofession is markedly 
over-erow(h*d in tlu* cities, in some instan<*es to the 
point of starvation. 

Provincial (lovernmenls, municipalities and 
district boards provide rural hospitals and dispen- 
saries so far as their linanees will p<*rniit, but the great 
est difficulty is to get any grade of (jualifii-d jira- ti- 
t inner to live in the rural areas, 'riie pay offered is 
of course vi*ry small indt'ed, about Hs 70 100 per 

month while in some an*as it is even lower. 'I’hen* 
are no social amenities in the rural areas, sanitation 
is a thing unknown, ami adequate housing aeeom- 
moilation is not availahle.” 

.Viid with regard to i-onditions in town ami cities, 
it goes on to say.- 

“ laeentiates, who formerly took posts as sul) 
assistant .surgeons, now' jiraetisi* in increasing 
numbers in the larger towns and, notwithstanding 
tlii’ir inferior training, complete freely with graduates. 
1 bus the lieintiale who was originally traiiu'd to 
a<*t under the authority of a medical officer in one of 
*be siqierior medii'al services is now' practising medi- 
'■ine on his own, flooding the market to such an extent 
•bat in the larger, and indeed in some of 
•be smaller towns there is decided overcrowding in the 
"'edica! profe.ssion. 
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" 'Phis congestion b*-eomes most acute in large 
cities, in the ma jority of whii li a eonsiderabh* number 
of medical men are finding it almost impossible to 
make a living, indeed many are on the verge of 
starvation." 

'Phe main reasons for this are the economic condi- 
tion of the peo])le and the lack of facilities for 
emj)loyim‘nt in public bealth services. Public health 
activities in India are unfortunately negligible. 
'Phere is as yet no compulsory medii'al inspection of 
school children; the iniinieipalities and other local 
bodies are not compelled to engage health officers 
and there is no provision for food ins])eetion. If 
these were jirovided for by the Stall*, they would not 
only open up employment for a large number of 
qiialifietl medical nu'n, but would also add to the 
forces for fighting the spreail of epidemic's and pre- 
ventibh* diseases. 'Phere is a growing tendency 
among the public* to obtain tlu* servi(*es of medical 
nun and liosjiital faeililies free of charge*. Lbdc*s.s 
this is eheekt'd in time and tlu* abuse* of frc'c treat* 
iiunt in hospitals by ))eo]>le who can afford to ])ay 
is steqiped, it w'ill add to the difficulties of the. 
situation. 

We art* glad that Dr Anderson has also rai.sc'd 
his \oiee of protest against the importation into 
J’ulia of drugs of impure* epialily and ile*ft*elive 
strength. It is high lime that the (iovernmeiit 
should giM* effect to the we ll-considered re*eominenda- 
tions of the ('ho]^ra Committee* re*gardlng the e.sta- 
blishmeiit of (io\'ernmenl laboratories to lest drugs 
imported into India or manufaetur<*d locally. 

We (Ind it, however, diffieull to agree with Dr 
Anderson that medical etliies in this country is very 
low*. We* can do no better than epiole* what Dr H. C. 
Hoy says on the* point, " I must einphatically ch*ny 
Dr Anderson’s statement that the .standard of m(*dieal 
ethics ill this country is very low*. We*, in this 
country, had for ee.uluries a high standard of medi- 
cal ethics and rules, which have been elaborately laid 
down in the Ayurveda, and be*liev(* that the medical 
men in India who practise* alloj)alhy observe these 
rules and traditions either eeuiseiously or uueonsei- 
ously.” 

Nutrition Defects In India 

'Phe imporlanee of the cpiestion of nutrition in 
relation to public lu'alth is stre.ssed by the Pu'blie 
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Ht'allli C\»miiii.ssiorn.'r with the (lovrrnmc^nt of India 
in liis annual report for. 

The report points out that refi^rettable thou^rh tlie 
extent of the major epideinies suc'h as eholera, 
plague, and smallpox may be, there are still other 
diseases whieh cause mueh greater havoe although 
perhaps in a less dramatic way. ^lalaria^ tubercu- 
losis, leprosy, infant mortality and maternal mortality 
constitute grav(‘ dangers to the. public health. In 
all these live groups there exists a eoiiimon predis- 
posing aeliologieal factor whieh is of vital impor- 
tance. 'I’his jiredisposing factor is nutrition. 

'J’he repjjrt says: " No ])revenliv<‘ campaign 
against malaria, against lubt'reulosis or again.st lep- 
rosy, no maternity r<‘lief or child welfare activities 
are likely t«» a<‘hicvc any greal siu'cess unless those 
responsible, recognize th(‘ vital importance of this 
factor of defective nutrition and from the very start 
give, it their most .serious attention. Abundant 
supplies of cpiiiiine and the multii)Iieation of tuber- 
eulo.si.s hospitals, sanatoria, leprosy colonies and 
maternity and child welfare centres are no doubt 
desirable, if not e.s.sential, but none of these goes to 
the root of the matter, 'riie first essentials for the 
prevention of disea.se are a higher .sta.ndard of lu'alth, 
a better physicpie. and a greater power of resistan<‘e 
to infection, 'riiese can only be attained if the focnl 
of the people is such as w’ill give all the physiological 
and nutritional requirements of the human frame. 

“ This qiic.stion is obviously elo.sely correlated 
with that of population and with the planning of sufli- 
eient and suitable food supplies. 'I'o obtain the 
best results, a close liaison must be maintained b<*- 
tween the hiiiiian nutrition research workers and 
tho.se who can bring influenee to bear on the food 
producer. Only when that liai.son has been able to 
cfTcet quantitative and qualitative, improvements in 
food .supf)li(‘S which research has shown to be .so ur- 
gently necessary, w’ill it be. possibh' to anticipate any 
great or permanent reduction in the incidence of those 
di.sea.ses whieh at present take such a pitiful toll of 
human life in this country." 

The report refers to the raj)id growth of interest 
on the question of nutrition in this (‘oiiiitry, especially 
since the assum)>lion of the Viceroyalty by Lord 
JiinlithgoW; and the research work done in this direc- 
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tion in the laboratories at Coonoor and Calcutta. 
The neeii for ])ractieal application in the homc.s of 
the jK'oplc of the fruits of research, is also being 
energetically pursued. 

Some of the most interesting pages of the report 
are devoted to the subjeet of tubcrc?ulosi.s. The 
disea.sr, parti<-ularly in its pulmonary form has mar- 
kedly inerea.scd during the last three deeade.s, 
espet‘ially in the large urban and industrial areas. 
Only wMthin recent years, however, has the infection 
begun to .spread to villages, this extension of infec- 
tion being partly due to the return of infected 
industrial workers to their honu's and partly to the 
great development of roaci transport. 'I’he report 
urges the need for at least one clinic in every mimi- 
eipality and rural town. 'I’hc report while not 
denying that additional ho.s)ntalK and other beds an* 
nectvssary, ])oints out that the.se are by no means the 
lir.st requirements of an anti tul)ereulo.si.s campaign. 

The re})ort after ri*f*‘rring to the problems fac- 
ing the maternity and child welfare movement in 
India says: “ An important factor in an efficient 
maternity .service i.s ante-natal care of the mother. 
Mueh recpiires to be done in India in this connexion. 
It i.s slated that many of the hospitals attached to 
medical colleges and medical .schools and training 
institutions for midwives have inadequate arrange- 
ments, and the students h‘ave college with a minimum 
knowledge of the scope and value of ante-natal 
work. 'I’his w'ork should, of course, be an activity in 
every infant welfare centre, but progress is made 
difficult because few^ realize the importance of pri 
ventivc w'ork in this tield. 

Apart from the seandty of training schools and 
trained midwives, a .serious handicap exi.sts in the 
lack of supervision of the midwives and their pra* 
lice. No full lime insjieetress of midwives has ycl 
been appointed in any province, and supervision ol 
tlie midwives in private practice- does not exist. 

'I’lie account given of child welfare w'ork is n<>l 
encouraging. Approximately HOO infant welf 
centres have been established, while some (iO ine<lic.'<l 
women and 260 trained lieallh visitors arc emi)loy“^ 
in maternity and child welfare services now in exi^ 
ter.eo in the country. (Jnfortiiiialely, a eonsiderali • 
numl)er of the centres are said to be badly orgaiii>^' '• 
their wmrk is not co-ordinated, their records are i."' 
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properly kept, and the information which is collected 
is not made available for future planning. 

The following extract from the report gives a 
vivid idea of the magnitude of the problem : “ A total 
of 2,818,0.09 or 48% of the deaths registered during 
1985 occurred among children under the age of five 
years. Maternal deaths from child-birth are esti- 
mated to account further 150,000 to 180,000 deaths 
annually. 

“ Fire-Swallowing " 

Khiida Hux, the Indian magician, created sensa- 
tion ii» scientific circles by his fire-walking feats and 
appeared difficult to the scientist for some time to 
find out an explanation of this seemingly unbelievable 
power to stand red-hot embers under his feet. 
However, that has now been explained, and the 
explanation has satisfied the scientist. Now comes 
a report from Tero/epore that one Pandit Hargopal 
of Sohal, Amritsar District, would easily swallow 
live coals he loves to <lo it. Hargo]>al does not 
<-laim to l)t‘ a magician, but if the report is to be 
believcil he feels an irresistible urge within himself 
to gulp down burning embers, and he does so, we 
are lold, without any harm to his tongm* or mouth or 
throat. 

Ib‘re is another problem, which, if the report be 
true, will engage tin* serious attention of the- 
scientist. We have, howevt*r, little doubt that 
a rational explanation will soon be forthcoming, 
hilt the veracity of the rejiort ought to be cheeked 
first of all. 

High Commissioner’.s Report on Indian Students 

I’he report on the work of the Kdueation Depart- 
nient of tin* Office of the High Commissioner for Imlia 
in London for the year 1985-8(>, which has recently 
h<en ])ublished, states that " there has actually been 
uicreasc to about 1,850, as compared with the corres- 
ponding figure l,81ti during 1981-85. The lumiber 
ol new a])))lieali(ms for admission indeed show's an 
'■'en more marked increase from 017 in the previous 
.' < ar to 700 for 1980-87, whilst the nun\bcr of offers 
‘’f admission received on behalf of Indian applicants 

risen from 4G5 to 501." 
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The report eontimies that two humlred and six 
students were formally under the supervision of the 
Department during 1985-88, ineluding 1 1(> State 
and Special scholars, 27 students in n(‘ei])t of 
grants or allowances from Private Memorial or 'Prust 
Funds, 40 Indian Civil Serviee and Fon'stry Serviet* 
Prolmtioners, eight students awardeil grants in-aid. 
and fifteen private students entrusted to the earc of 
the High Commissioner for the purpose of their eilu- 
eation in this eounlry. 

Seven hundred .and sixty a])plieations for the 
session heginning October 1985 were rece ived and 
the total number of offers of admission reecived was 
581. 'rile remaining eandidalt's either withdrew their 
a])plii*ations or were not (jualified to enter upon the* 
proposed (“oursc or applied at a late elate after all 
the vfic*aneies at the elesireel institution hael alreaely 
he*e‘n alle)lle*el. 

'Phe largest number of full-time stueleiils w'as in 
the Fae*ulty eif Meelieine. in which stneli'uts were 
registere*el, while Arts (including Kelueatioii aiiel Law) 
comes se*eonel with 812 students. F.ngineering aiiel 
'IVehnedogy e*emie ne‘xt, with 201 slueleiits, atiel Pure 
Seieiiee and Ki-onomies follow with M2 stuelerits aiiel 
lOI sluiiemts respe*etively. Agrieultiin* had 52 stu- 
ele*nts, and 75 wt‘re stueiying varieuis imelassifie*el 
sedijeets. In addition, the re were about 208 stuelents 
(inc'Inding t wome*n) pursuing ))arl-time eu'easional 
eourses in the variems Faeidties, while* there were 
177 students (ineliieling 8S women) in alte*nelaiu*e at 
the eeliu*alional institutions like the Are‘hile*etural 
.V.sseicialii»n, Iwiraelay House, FJcelrieal F.ngineering 
Ceillege, Lorielon School of Printing e tc. Inelian mem- 
bers of eelueational inslilulions in this eounlry have 
again aehieve’el imle worthy aeademie, alhletie anel 
other sueeesses. 

Whilst the mimber of stuelents to be founel at 
nM>st of the l.’niversilies anel Colle'ge s throughout the 
('niteel Kingdom has inereaseil, the* improve'inent in 
their ge*neral standard of ^d)iIity and attainment has 
uiidoubleelly l)e.'e*n maintaineil. It is gratifying to 
note* elnring the* jie rioel under re*vie*w the sueirsses anel 
distine'tions again wem, e .s])eeially at tin* pevsl-graeluate 
stage* in the varieuis Faculties. In me-elieine* anel sur- 
gery llic following high professional ejualifieations 
were! edilaiimel. Fight stuelents were a\varele*el the 
FelleiW'ship of the Royal Ce)lle*ge* e»f Surge*ems, Eng- 
land, anel seven the membershi)) e»f the! Royal College 
of Physicians, Lemdem; two Indian eltx*lors gained 
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tlir (listinctioii of the Ft llowship of the Royal 

of Fhysic'iaiis, Kdinhur^Ii, nine the Alcmher- 
sliip of the same institution, and six the Fellowship 
of the Hoyal t'oIIef»;e of Surgeons, Kdinhurgli. In 
seienee four students were awarded tJie important 
degree of 1). Se. ; twentyfour obtained the Ph. D.; and 
twelve tile degree of M. Se. In the Faeulties of 
Arts and Keouomies, <*te., no Jess than fourteen stu- 
dents were awarded the degn-e of Ph. I). 'Phis 
nob'worthy record of post graduate distinctions not 
only retleels great credit on the students concerned, 
but may be regarded as a tribute to the excellence of 
the training which they obtained at their Indian 
(’niversities be lore proceeding abroad. 'Pile number 
of women students rt'tnains fairly constant, the majo- 
rity being engagi'd in mctlical studies and courses 
leading to the 'Peaehers’ Diploma. 

Lord Nuffield’s I.atest Gift to Oxford 

Lortl Nuffield, who has become famous for his 
muniiieent grants for educational . purposes, has 
agaiji ortVn'd €1,000,000 re<*<*iitly to the Oxford 
L'niversity lor tln‘ building of a new college to be devot- 
ed to collaboration, particularly in social studies, of 
theoretical students with practical men of allairs. 
With it he has oflered a site, on which the new college 
is lo be built. Lord Nuffield hopes that the college 
will produce a flow of recruits to industry. One of the 
conditions for the aeeeptanec of the oiler is that part 
of the enihiwrnent shall be devoted to the establish- 
ment of the Fellowship.s of three classes — full-time 
Fellows, to conduct research and assist teaching; un- 
official Fellows already holding office in the university 
or its colleges; and j)art-tiine Fellows, with pra<*tieal 
ex])erKne(‘ in the professions, industry or com- 
merce. 

IL is proposed that the new college w'ill be nam- 
ed after Lord Nuffield. Referring to the gift, Mr. 
A. 1). Lindsay, Viee-elianeellor of the Oxford Univer- 
sity, said that it would l)e uiiicpie. It W'ould not be 
in any sens** a rival lo existing historic foundations. 

It would be entirely a post-graduate college and the 
people who went there would have already been 
members of the otluT colleges. It was really going 
lo be a university instrument of resean-h and it would 
liav** to be more under the control of the university 
than an ordinary '“ollege. 


Exploration on Shiva's Temple 

'Phe romantic mystery which was so long asso- 
ciated with the lost world of Shiva’s Temple — the 
natural stronghold in the (irand Canyon in Arizona 
- separated by erosion from the walls of the Canyon 
at least .‘15,000 years ago has at last been dis})elled 
through the crcilitable elTorts of Dr Harold Anthony, 
leader of the Patterson-Arneriean Museum Fxpedi 
tion, wlu) with his seven eolK-agues scaled 1200 feel of 
sh*‘er standstoiK* clilf and explored it. It is ])ro- 
babK* that no human foot had in Insloric times cvi'r 
trod the 275-acre plateau. Dr Anthony, on his re- 
turn to New York, gave an interesting aceount of 
the n'sulls of his explorati*)!!. 

'Phe obj*‘el of the e>'.pi‘*lition was to study animal 
life on till* wooded plateau in onier to disc«>ver 
whether isolation ))roduced any marked changes in 
the appearance and habits of creatures and in the 
hop** *»f gaining useful kn*)wl**dge of the elTe*ls *)f 
inbreeding and evolution in general. During liis 
stay on the plal*‘au from September 15 to 2d, Dr 
Antliony shot or trappeil some 75 sp**ciinens, which 
have been skinn(*d and will be forward***! to New York 
for examination. 'Pin* animals found o.n tlu' 'PeTu])h‘. 
all of which were (’xtrern**ly wihl anil nervous of 
man, were *‘hipmunks, three or four spi*eies of mice, 
which were extremely numerous, cottontail rabbits, 
rock sijuirrels, which rt‘seTnble tin* common gri v 
squirrel, and pack rats, of which one species may 
be peculiar to Shiva. 

Dr .\nlhony expri*ss**d the belief that tin* loloiir 
of all these animals was lighter than their f**lh)ws 
on the north and south rims of the Canyon, whirh 
are respectively one and a half and eight mihs in 
d’rect line from Shiva, but this remains to be jirow*! 
visited ii. winter by deer and by cougar or mountain 
lion and coyote. 

by careful comparison. In addition, the platiau is 

The vegetation, consisting of ])ines, juni|)*‘r, 
shrubs, and cactus, is more arid than on tlu* mainland, 
and the heat on tlu; 'I'cmple, which is entirely water 
Ic.ss, is considerably greater than on cither side of I In- 
Canyon. Many Indian remains were found in tin- 
shape of mounds, ovens, and tools, but members ol 
the expedition were the first men to undertake Hn 
scientific study of the plateau, of whit*li the area i*' 
almut !I00 acres. 
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Wliilt' no positive results ean he y<*t annuiineed. 
Dr Anthony believes lhal it will be possible as the 
result of the expedition to reueh an approximately 
aeeurate date for the sej)aralion of Shiva from 
tii(‘ mainland, and hopes that at least one 
dislinet speeies of animal may be diseovered to exist 
there. 

Ibit on that arid plateau the expedition was ehief- 
ly troubled by mosquitoes, and as there is no water 
on Shiva’s Temple, llie expedition confessed itself 
at a loss to discover the breedinjr ground of the pests. 


Facilities for training at the Technological 
Laboratory. Matunga 

As in the j)ast the Teelmologieal Laboratory will 
admit this year two students for training in the 
elements of spinning and the routine methods of 
t< sling e(»lton libre and yarn. 'I’lie seleeted eandi- 
dales will be (‘xpeeted to join on the .‘trd .fanuary 
liK’tN and will conform to the Laborat(»ry regulations 
regarding hours of work, ele. '(’he course will 
norm.'dly last for a period of six months and a fee 
of Its. 50 - only, which is not refumlable, will la* 
eliarged for the full course, (’andidates desirous of 
admission should submit written applications to the 
Director, 'l\‘ehnologieal Laboratory, .Matmign, llom- 
hay, so as to reach him not later than the lOth 
Novend)er lO.'tT. 

Sir James Jeans 

Due to the sudden death of Lord Hulherford, 
President -eleel of the Silver Jubilee Session of the 
Indian Science (’(Migress, Sir James Jeans has 
kimlly agreed to preside over it. He is one of the 
lore-most astrophy.sieists of today and is a pasl- 
president of the British .Vssoeiation for the Advaike- 
inent of Science (D.’Hj. 

Silver Jubilee Meeting of the Indian Science Congress. 

1 he arrangements in eonneetion with the visit 
ol the foreign delegation to India, on the occasion of 
lJ>e Jubilee Session of the Indian Seienee (’ongress, 
now assuming tinal shaj)e. 'I’lie lour programme 
been divided into two portions, a tour through 
^ ' iitral and Northern India before the session and 
•iithern India after the Session. 'Lhe following are 


the details of both tours, though it is ])ossible that 
the visit to Kolar may be omitted and a \isil to 
Mysore Kubstiluled. 


December lOtli 

Doceinher 1 7th 
December I8th evening 

December 1‘>ih morning 
Dert*inbcr 20tli evening 

December 2l8t morning 

December 21st evening 
Decemt)er 22nd .nfternoon 

December 2.?rd morning 

December 2.kd evening 
December 2ttb morning 

December 25tb 
December 425itli evening 
December 2f>th mr)rning 


Decenit)er 2()th evening 
December 2rth afternoon 
December 28lb 

Decend)er 2Sth evening 
December 29th inidday 
December 2'Hh to Jannaty 2nd 

January .trd to 9th 
January 9th evening 


.\rrive at Mombav. Received 
t)V ibe I’liivcrsity of llie 
Hombay on l)eh:di of Itic 
Indian Science Congress 
AsMX’iation. 

Halt at hombay, 

I.eave Uombav in s))ecial 
train. 

.\n ive ar nv(VTat)ad. 

heave IIydcra])ad. During 
their stay in H K. II. the 
Nizam's Dominions tbeilele- 
gates will l)e the guests of 
IMMI. the \i/.im's (iovern 
mer.t. 

.Arrive .\nrangaba<l, ami 
visit .Ajanta or I*llota bv car 
en route to Jalgaon. 

heave Jalgaon. 

Hall at Sanebi, and visit the 
Hnddhist sui]>as. 

.Arrive Agra, and visit tlie 
Taj Mahal and the I’oil, 

heave Agra. 

Arrive Delhi. Visit ibe Im- 
perial Institute of Agrieul- 
litral ke.search hnnebeon 
by the (‘.overnment of India 
at the Institute. 

Visit Old and New D(‘lhi, 

heave Delhi. 

Arrive Delira Dun. Visits 
tf> tlie l-'firest Research Insti 
tute and to the ('.eodetit* 
Ilranch of tlie Survey of 
India, and_ if time piTinits 
to Mnssoorie. 

heave Debt a Dun, 

.Arrive Hen ares. 

Visit the Hindu temjdes by 
boat down the (bulges, and 
the Riiddlii.st remains at 
Sarnalh. 

heave Henares. 

.Arrive Calcutta. 

Idled excursions to the coab 
fields and iron ore area, 
Taiatiagar, Daijecling, anci- 
ent “(‘.aur," Port Canning, 
anil other tdaccs. 

Twenty fifth Sc.ssion of the 
Indian Science Congress at 
CalcnlUi. 

heave Calcutta. 


283 


Vol. III. No. 5 
NOVEMBISR 1037 



NOTES AND NEWS 


January llth Moniiri;^ 

Arrive Madras. Reception 
by the I'liiversity. 

January 11th evening 

heave Ma<lras, 

Janii.'iry 12th morning 

Arrive Tlowringpet for the 
Koiar ( loldtiehl. 

January 12th evening 

heav ? Bowringpet. 

January I.Uh morning 

.'^.rrive Itangalore. Reception 
by the rniversity and by 
the Imliati In.stitute of 
Science. 

January l.Uh evening 

heave Bangalore. 

January I Sth morning 

Arrive Bombay, ami leave 
for Kuropo. 


Jii additit)!! lo llu- Jihovr pni.j^ramiiK , for wliicli 
a spLcial train has hvvu cnprafrrit, shorirr rxciir.sioiis 
to places of scientific interest in Hcn^al and Bihar 
art? lH’inj( arranged for the period Deeeniber 2.9th 
lo .laiiiiary 2ntl. In these it is hoped that seienlists* 
in India will also lake ])art. Details will he aiiiioune- 
ed later. 

The Session in (’aleiitta is likely to he of great 
interest, for many of the foreign delegates are read- 
ing ))a})ers and taking part in the discussions, while 
members of the delegation are also being invited to 
give the four or five poptdar evening lectures. Al- 
ready the following have agreed lo give lectures; Sir 
Arthur Eddington on “'riic Milky Way and Bey- 
ond;” Prof. F. A. H. (’rew on ”'rhe Bitdogy of 
Death;” and Prof. H. J. Fleiire on “Stages in the 
growth of Civilization.” 

Of the papers that are bei/ig contributed lo the 
sectional meetings, the following may be mentioned 
as of special interest. In the Mathematics and Phy- 
sics Sections, Isotopic weights by the doublet method, 
by Dr F. W. Aston; Theory of scattering of pro- 
tons by protons, by Sir Arthur Eddington; Recent 
eclipse results, and the complex spectra of novae by 
Prof. F. J. M. Stratton; and the application of 
electron waves to the study of surfaces, ,by Prof. 
(r. P. 'riiomson. In the Chemistry Secthyn, Reson- 
ance and molecular slrucliirc, by Prof. Lennard-Jones; 
and Photosynthesis of carbo-hydrates in vitro, by 
Prof. E. C. Baly. In the (ieof/rnphy and (ieo~ 
deny Sections, (icography and the seieiilifie movement, 
by Prof. II. J. Flcure; The great divide, by Prof. 
C. B. Fawcett; and 'Phe technique of regional geog- 
raphy, by Prof. A. G. Ogilvie. In the Pot any Sec- 


tions, the nature of the subterranean algal soil 
flora, by Prof. F. E. Fritseh; The monoeolyledonous 
seedlings of certain dicotyledons, by Sir Arthur Hill; 
'I’he principles of floral construction by Miss E. R. 
Saunders; The biology of crossing-over, by Dr 
C. D. Darlington; and The striielure of the chromo- 
some, by Prof. Ruggles Gates. In the cooloyy 
Section, 'Pile zoogeography of the freshwater fishes 
of S.Hith and East Asia, by Prof. L. F. de Beaufort. 
In the AnlhropoUujy Section, 'Phe crisis in modern 
anthropology, by Baron von Fnekstedt; The functions 
of ])hysieal anthropology, by Prof. R. A. Fisher; 
'Pile antliropology of the 'Podas, by Prof. L. Cipriani ; 
and Paeial analysis by Prof. II. ,1. Flcure. 

It is also ex]iccted that the delegates will take 
a leading part in the disi'tissions and symposia that 
are being lield. Information regarding these will be‘ 
announeed later. 

'Phe following is likely to be the final list of 
delegates, though a few mori* non- British delegates 
are ex])ected to come. 


List of DF.r.KiiATKs 


Mrs. Ashworth. 

Widow of the late Prof. 
J. H. Ashworth, Professor of 
Natural Hi.story, Universit\ 
of l^dinburgb. 

Dr. F. W. Aston. F.R.S., 

Nobel haureate. 

Cavendi.sh haboratory. Uni 
versiiy of Cambridge. 

Prof, F. G. Baly. 

Profe.ssor of ICIectric.'il 

ICngineeiing. Hcriot-Wnti 
College, Kdinbiirgh. 

Harold Baly, Ksq., 

74, hawii Road, hondon, 
N.W.3. 

Prof. K. C. C. n.iily, F.R.S. 
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nii.stry, University of hi^‘•^ 
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Prof. !•:. Barker. 

Professor of Political 
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Mrs. I'. Bishop. 
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Prof. V. II. Blackman, F.R S. 

Professor of Botany, Tin- 
peiial College of Science 
Technology, hondon. 

Prof. P. G. H. Boswell, F.R.vS 

Professor of Geology. Im 
perial College of Science 
ik Technology, hondon. 

Prof, A. H. R. Buller, IhR.S. 

hately Professor of Botaiiv, 
University of Manitolj>, 
Winnipeg. 

Mr. J. M. Caie. 

A.s.sistant Secretary, Dcpari 
inent of Agriculture foi 
Scotland, 
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Prof. W.O. F'earn.sides, F.R.S. 
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Professor of Prelii.storie 
Archaeology, rniversily of 
of Ivditiburgh. 

Director of the National 
Museum of .Anthropology 
and Kthiiology of Royal 
Fniversity, Idoreiicc, Italx. 

Head of the Department of 
.Agriculture, rniver.sity of 
I.ee<ls. 


Professor of tieuetics and 
l)in*cloT of the Animal Breed- 
ing Research Department, 
Fniversity of Kdiiilnirgh. 

Head of the Cheniistiy 
Depai tmeiit, Rothamstcii 
Ixxperiniental Station, llai- 
[icndcn. 

I.eeturer in Cytology, Dni- 
veisity of I/uid n 

Master of Chri.st’s College. 
Cambridge. 

Director, Zoological Insti- 
tute, AinstiTdam. 

Diicctor, Botanical (fardcn.s, 
Berlin. 

Piofe.ssor of Chemistry, 
lIniver^ity College, Dondoii. 

( foologist, Johannesburg, 

M, yMbnny Road, St. I,eo- 
uanls ou-sea, ICugland. 

Pluinian Profe.ssor c»f Astro- 
nomy, Taivcisity oi Cam- 
bridge. 

Directcir, Anthropological 
Institute, Breslau. 

Professor of lieoraphx*, Fiii- 
versity College, 1, inlon. 

Professor «)f Cicology, Uni- 
versity of Shellicld. 

Porinerly Director, t'.eologi- 
cal Survey of India. 

(lalton Professor of Fhi. 
geiiicr., University College, 
Condon. 

Professor of Geography, 
rniversily of Manchester. 

Profe.s.sor of Botany, yneen 
Mary College, London. 

Piofe.ssor of Botany, King’s 
College, London. 

Profe.ssorof (jeology, King's 
College, London. 


Prof. H. M. Halsworth, C.B,!- 
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Prof. J. \V. Heslop Harrison. 

Sir Artlinr Hill, 1*. R. S. 

Profes.sor .Sir p'rederick 
Hobday. 

Dr. Hopwood. 

Dr. O. J. R. Howarth. 

Prof. (;. \V. (). Howe. 

Prof Lennar«l Joiie.s, F. R. .S, 

Dr. LI. Wynn Jones. 

Prof. C. (». Jung. 

James Keith, P'sq., 

:Miss K K. Kelly. 

K. II. Kinvig, Ivscj , 

.Mr. J. Me I'ailane. 

Sir Gilbert T. Morgan, I'.R S. 
Dr C. S. .Myeis, I'. R. S. 

Dr. W. G. Ogg. 

Prof. A. (L Ogilvie. 

Mr. H. J. K. Peake. 

Dr, F^ P. Poullon. 

J. Ramsboltom, Fsip, 


Profes.sor of ICconomics, 
Universitv of Diirliam, New- 
castle njion-TMie. 

Late Head of Biochemical 
Dept. Lister Iiistitui ' of pre- 
ventive Medicine, London. 

I'ormerly Professor of Apj)- 
lied Mc('h:inics, Royal Naval 
College, ( ifcenw ich. 

Profc.«isor of Agriiulture, 
University of .Aberdeen. 

Piofe.ssor of Botany and 
(icnetics. University of Dur- 
ham, New cast Ic-iipon-T yiic. 

Director, Royal Botanic, 
(birdeiiis, Kew. 

I.atcly Principal of the 
Ro\aI Veterinary College, 
Londrm. 

Consulting Clieinist, Jxsho- 
we, LI Hylton Drive, Cliead- 
b* Hiiliiie, Cheshire, Kng- 
land. 

Seeretarv, British As.socia- 
tion for the Advaneeinent 
of Science. 

James Watt, Professor of 
P'leclrical P'ngineering. Uni- 
versity of Glasgow. 

Profcssf>r j)f Cliemistry, 
University of Cambridge, 

Lecturer in P.syehology, 
University of I.eeils. 

Profe.ssqr of Psychology, 
University of Zurich. 

Pitmeilden, Udiiey, Aber- 
deen, Scotland. 

.VI I, ( )ld Chester Road, Roek 
Perry, Cheshire. 

Reader in Geography, Uni- 
versity of Birmingham. 

Reader in (icography, Uni- 
xersiry of Aberdeen. 

Direeictr, Chemical Resear- 
ch Lal)r»ratory, Tcddillgtoii. 

Principal, National Institu- 
te of Industrial Psychology, 
London. 

Director, Mac.iulay Institu- 
te for Soil Research, Aber- 
deen. 

Pnifessor of Oogr.iphy, 
University of P'lUuburgh. " 

Viee-Pre'.iilent. Royal Ati- 
tliropologieal Institute. 

Physieian to Guy’s Hospital, 
London. 
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Prof. U. H. Read. 

Dr. A. B. Rendle, F. R. vS. 

Rt. Iloii, Lord Samuel. 

Miss R. R. Saunders. 

Lt-Col. R. B. S. vSewell. I'.R.S. 
Prof. J. L. Simon.spii, F\ R. S. 

Prof. R. V. Southwell, F.R S. 

Prof. C. K. Spearman. F.R.S. 

Dr. L- Dudley Stam]». 

Prof. R J. M. Stratton. 

Prof. W. Straub. 

Prof. (L P. Thomson, F'.R S. 

Sir Henry T. Ti/ird, ILR-.S. 

Dr. A. R. H. Tulton, F.R.S. 

Dr. W. W. Vaughan. M.V.O. 
Dr. J. A. Venn. 

Dr. Mary Waller. 

T’hc memlMT.sliip of the 


Professor of Geology, Uni- 
versity of Liverpool. 

I'ormerly Keeper of Depart- 
ment of Botany, British 
Museum, r.f)ndon. 

Piesiileut, British Institute 
of Philosophy, and lately 
H. M. Secretary of State for 
Hume Affairs. 

Lately Lecturer in Botany, 
Newuham College, C.amhri- 

dge. 

Zoological J.,ahoratory, Dni- 
versiiy of Cambridge. 

Professor of Chem’stry, 
Univeisity College of North 
Wales, Bangor. 

Professor of Engineering 
Science, TTnivcrsity of ()x- 
fonl. 

Ivmeritus Professor of 
Psychology, University of 
London. 

Reader in Rconomic (ieo- 
grajjhy, Ihiiversily of 
London. 

I’rofessor of Asirophvsies, 
University of Cambridge. 

Profe.ssor of Plivsiology, 
University of Mnnieb. 

Profes or of Physics, Im- 
perial College of Science 
tSt Tceluiology, Lotnlon. 
Rector, Imperial College of 
.Science and 'IVchnology, 
formerly Secretary, Depart- 
ment of Scientific and 
Industrial Research. 

Past ITesiilent, Mincralogi- 
cal .Society of London. 

Past I*resitleiil, Rilucatioii 
Section, British As.sociation. 
PrcsidMit, Queen College, 
Cambridge, ami Lecturer in 
History and Fcononiics of 
Agriculture, University of 
Cambridge. 

Lecturer in Phy.sic.s, London 
School of Me<licine for 
Women, University c»f 
London. 

Congress tin’s year is far 


greater than tliat of any previous year, anti already 
over HOO have joined. It is hoped that all those 
who intend joininej will do so as earlif as possible, 
otherwise they will run the risk of not receiving invi- 
tation.s to the special functions that are being arrang- 
ed b} the Loral R»-eeption Committee. Applieations 


for mcml)ership .should be sent to the Royal A.siatie 
Society of Jlengal, 1, Park Street, Caltuitta. 

Karly in November the Local Secretaries will be 
issuing a circular letter regarding the local arrange- 
ments, and it is hoped that tliosc members who intend 
to be present at the meeting in Calcutta will givt; 
very early intimation to Prof. S. K. Mi Ira, Local 
Secretary, University College of Science, 92, Upper 
Circular Road, Calcutta. 

Three special Jubilee publications entitled “ 'Fhe 
Progrtvss of Science in India during the past Twenty- 
five year.s/’ “ As Outline of the Pield Sciences of 
India,” and “ A History of the Indian Science Cong- 
ress As.sociation ” are being })iiblished, and are ex- 
pected to bti ready before the Session. The Execu- 
tive (knnmittec have decided to issue them free to all 
Ordinary and Full Session Members, though the cost 
of publi.shing them is likely to exceed Rs 7,000/ . 
The separate chapters of the Outline of the Field 
Seieiiees, which are entitled (1) The Weather of 
India, (2) The Oceans roiiml India, (B) An Outline 
of the (ieologieal Histt>ry of liulia, ( 1-) An Outline 
of the. Vegetation of India, (5) An Outline of the 
Fauna of India, (0) An Outline of Ihe Racial 
Ethnology of India, (7) Agrieullure and Animal 
Husbandry, (8) An Outline of Indian Archaeology, 
are also l)eing j)ul)Ij.sbed .separat(*ly, as it is expeeled 
that they will he of iinieh value to schools and colleges. 

The af}peal that was issued nearly a yi‘ar ago 
to .seieiilists in India, a.sking them to eontrihule dona 
lions to the Jubilee fund of the Congress, has up 
to now met with a ralhir poor respimse, only a^)oul 
5B persons having contributed about Rs 2,800. T'lu 
sum of Rs 10,000 is being aimed at from this source, 
and, now that the lime of the Session is approach ing, 
it is hoped that members of the Congress will <*mie 
forward in large numbers and send donations. If the 
majority of the 1100 members wlio have already join- 
edtbe Congress were to contribute sum of five andleii 
rupees each, the financial position would be greatly 
improved. At present it is giving rise to .some 
anxiety. In this connection wc would draw the atteii 
lion of large firms in India to the very generous eou 
trihution of the llurina Oil Company, wdio have given 
donation of Rs 1600/- 

A final appeal is now being issued to members ol 
the Indian Science Congress Association, and w«' 
have no doubt that it will meet with a generou' 
response. 
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Conservation of Ancient Pieces of Iron 

\\\‘. aro vrry often striU'k by llie fad that pieecs 
of iron and steel several eeiiluries old resist rusting 
iinieli ix'tter than inoilerii sanij)les. All sorts of iron 
aiul steel ))rior to middle of the IDlh eenlnry, (tbtained 
by the. Catalonian or pudding furnaees, ditt'er so iniu li 
by their mode of })reparation and eoinposition from 
the modern fused steels that one attributed to it 
the real eause of the diH’ereiiees in behaviour t)f tlnr 
ancient sam])h‘s. 

As fused iron is distinj»-uished by its purity or 
from the point of view of its eonleiils in (‘arbon, 
mari^aiu'se, silie<ui, by the presence of layers of slag 
opposite in oxidation and finally by eertain amounts 
of copper, attem))ts have been made to imitate these 
j)roperties by modern processes. Hut none of the 
above three factors alone is a sufKeient j^uaraiitee for 
the resistivity of iron. However, they impart eertain 
useful properties, 'rhus on account of the velvety 
surface of pure iron, I he protective layer of enamel 
or zinc .adheres better. It has been <‘qually found 
I hat high content of phosporiis of the ina jority of 
ancient fused iron inereHS<'d the resistance to oxiihi- 
lion due to copper, 'riiis has led to modern (patine) 
ste<Is. 

In majority of eases like balustrades, iligbl of 
stairs, handle or bilt of swords, the conservation of 
tile metal a])pears to be attributed to the layer of 
fatty matter deposited by numerous hands wliieh 
louehed the surface. 

Finally we must not lose sijijht of the fact that 
“ industrial atmosphere ” ebarfjjcd with gases from 
ilu; chimney did not exist prior to the liHli eenlnry. 
V'^arioiis experiments have shown that iron pieces ex- 
posed t<» air in a countryside or in forest are covered 
with a thin layer of rust which does not increase 
practically after 10 or 15 years and protects the 
I'est. 

P^iper Industry in India 

According to Mr M. P. lihargava, officer- in-eharge 
'd the paper pulp .section of the Forest Research 


Institute, Dehra Uun, there appears to he good 
prospects of the mannfaetiin* of pap<r from ealla 
reeds (Orhlaudra Travancorrea) in Travaneore. 

He estimated that about 25,000 tons of eatta could 
be obtained from 'Fravaneore forests every year, 
yiehling from 8,000 to 10,000 tons of paper pulp, 
sufficient for the estahlishiiieiit of an eeonornie unit 
for paper mannfaeture. Good writing and printing 
paper could he made from eatta, though uo seientifie 
experiments in this direction bail yet heon made at 
Dehra Dim. Graft p.aper and packing ))aper could 
als<» l)e made from eatta. The possibility of 
iii;:tiufneiiiri‘ of newsprint from ealla should, 
howevtu', l)(i investigated, as newsprint required 
70 to 85 |)er cent, of meehanieal pulp. 

With regard to the position of ll»e Indian paper 
industry, Mr Hhargava pointc^d out that about 
•lo.OOO tons of writing and printing paper were now 
being ))rodiieed in India, and three or four mills in 
Heiigal were consuming about 50,000 Ions of bam- 
bo(' every year. India had sufficient resources of 
bamboo to i)ermit of the growth of the industry. 

'riui problem is to find the ineehaiiieal pulp 
necessary for newsprint inaniifnelure. India has 
vast resources for meehanieal pulp in the coniferous 
forests of the Himalayas but transport difficulties 
make their utilization economically difficult. 'Fhe 
question of obtaining nu‘ehariieal })nlj) from other 
raw materials is now under investigation. 

Stores Department and Indian Industries 

The annual ailniinistralion report for 19:1(5-37 
of the Indian ^stores Department which was released 
a few days ago publishes the details of the ene<mrage- 
ment given to Indian industries. According to it there 
have been very large inevease in purchases of in- 
digenous nianufaeture.s. 

Furehases on behalf of Railway Administrations 
amounted to Rs. .*1,(52 ,00 ,000, showing an increase over 
the previous year of Rs. 71 lakhs. Purchases on 
t)cl\alf of .the Army, Royal Air F\>ree and other 
branches of the Defence Department amounted to 
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more* UiMii Rs. IIJ) lakhs, an incroasc of Rs. 1(? 
lakhs over the previous year. Provincial (xoverii- 
inents, Indian States, (junai j)iihlic bodies and C'olonial 
Authorities, on whom there is no obligation to 
utilise the services of the Department, obtained stores 
of the value of m»)re than one enire of riipe<*s througli 
the Department, against Rs. St lakhs during the 
preceding year. Aiming the important contracts 
handb'd by the Department during the year iintler 
review mention is made of broadcasting (‘(piipment for 
All-India Radio (Rs. 10 ,.‘15 ,000), an electric pas- 
senger locomotive for the flreal Indian Peninsular 
Rail\«ay ( Rs. ;j,l.'),000.) and a stt'am raising jilant and 
turbo-alternator set for the New Delhi municipal 
committee (Rs. 2,02,000). 

The Department eontinued its efforts to substi- 
tute, wherever possible, and without saerifiee of 
effieieney or eeoiiomy articles of indigtmous manufac- 
ture for imported products. Details are given in the 
report of the more important contracts plaeetl during 
the year for articles which >vere wholly or partially 
prodiKrd or manufactured in India, 'riicsc contracts 
aggregated over Rs. 2 erort‘s, of the total purchases 
made by the Department during the year. The value 
of stores inspc<'ted in resjieet of orders placed by the 
Department amounted to Rs. 4,81,00,000. In 
addition to these stores the Dt‘partment arrangetl for 
the inspection of wagons, east iron slet'jiers and other 
materials to the value of Rs. 1,17,815,000 and rails, 
lisli plates, structural steel-easting and .similar 
materials, weighing 880,000 tons, on behalf of rail- 
ways and other authorities, against orders jilaet'd by 
tho.se authorities direct. One of the major orders for 
which inspection was entrusted to the Department 
during the year, was for the steel work of the 
.Meghnu bridge for the .Vssam Ibuigal Railway, which 
consisted of six deck -spans of 101-.] ft. and .seven 
through spans of 881 ft. of a total value of over 
Rs. 8.] lakhs. Anotiu'r interesting example of this 
liraneh of the Department's activities was the in- 
spi-etion of the first instalment of material manu- 
factured by .Messrs, 'Pata Iron ami Steel (’o. for tin* 
construction of the new Howrah brulge. 

One of the mo.st important activities <if the Indian 
Stores Department is the work eonneeled with the 
.standardisation of stores n.scd by various Clovern- 
meni departments, and the standardization of 


numerous articles for use on railway.s. The latter 
work is done in consultation with the Central Stand- 
ards Office of the Railway Hoard. 

Among the articles for which standards were 
drawn up were abrasive cloth and paper, hurricane 
lanterns, plate and sheet gla.s.s, ho.ses, bellows, pig 
iron, bee.s-wax, electrical cablc.s, rotary convertors 
water meters, road rollers, drain pipes, handcuffs, 
platform wtughing machines, leather goods, carpets, 
blanket cloth, linoleum and other goods. Research 
and testing of samjiles was carried out by the (lovern- 
ment 'r<‘sling Hou.se at Alipore, which is adiiiini.stcr- 
cii by the Indian Stores Department. Inve.stiga- 
lions, in addition to routine work, covered a wu’dc 
range and included re.s*-arch on proofed and unproof- 
ed jute fabrics, comparative tests to determine the 
effect of temperature variation on worsted trimmings 
for use in oil cups in locomotives, tests on clay for 
building purposes in Quetta, and ct'ment for the new 
Howrah bridge. 'Fhc total number of tests and 
analy.^es carried out by the laboratories of the (xovt*rn- 
ment 'Pest House and by the Metallurgical Inspecto- 
rate during the year amounted to 18,228. A collee 
tion of articles of indigenous manufacture Is on exhi- 
bition in the Department in the Imperial Secretariat 
Buildings, New Delhi. 

Sugar Production 

'Phe final memorandum on production of sugar, 
direct from cane, in India for n)8(i-87, is.sued by I he 
Director of the Imperial Institute of Sugar 'Peehno 
logy, ('awnj)ore, places actual prodiu'tion at 
1,128.1)00 tons against 012,100 tons during 1088 88. 
'Pin* number of working factories is placed at 1 10 
against 187 during the last season. 'Pin* total in- 
crease in the output of sugar over that of the pn \i- 
ous year is considerably bigber amounting to 
210,000 tons. 'I’lie total rpiantily of eanc erushnl 
w’as 11,878,780 tons against 0,801,748 tons last 
year. 'Phis substantial inerea.se in the quantity of 
eane erusbed and the prodiudion of sugar is ehiefly 
attributed to the considerably longer duration of lh<‘ 
eane-eru.sbing sea.son wbieb was due to the impelii'' 
reei'iv(‘d by factories from the reduction of eane i)riee‘' 
in the United Provinces and Hiliar in April, 1087. 
The, percentage of recoveries of .sugar and inolassts 
W’as 9’50 and 8'48 compared wdth 9*29 and 3*48 i>» 
the previous year. 
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A New Durban Company to utilize Bagasse 

]iaga.s.sc^ wliirli consists of the fibre after sugar 
has been extracted from the cane, is at present 
used as fuel for the furnace in sugar factories. In 
all manufacturing business the complete iitili/athui 
of the waste products is very important. Hy the 
Vazacanc ])rocess, named after Mr K. A. Vazcpies, 
who invented and patented it in U)27, it is “ possi- 
ble to join in operation a method for t‘xtracting all 
the juice from the cane and a preparation of the 
fibres so that they can be directly formed into board, 
all by a simple mechanical process." News has 
reached us that following scv<‘ral years of experirnen 
lal work by the Xatal Kstates, Ltd., a new Durban 
(’onipany has been formed to exploit a secret process 
for the manufacture of paper l)ulp from cam* bagasse. 
'I'his process has been invented by Mr K. A. Ritter 
fnnn whom the Durban Company, which has been 
registen-d, will purchase the right to use and ex 


ploit in all parts of the world other than Africa, 
south of the Equator, the t)roccss for the manu- 
facture of pulp capable of being made into paper, 
newsprint, card-board, and the like. In India 
which is the third largest bagasse-protlucing c«)untry 
in the world the first two being Cuba and .lava, 
steps ought to be taken to utilize il properly. We 
should draw the attention of our readers in general 
and the sugar-mill authorities in parti(*ular to an 
important article on " The Utilization of Bagasse " 
by Dr R. N. Cibosli, pidilislu'd in the .luly issue 

of Science ttml Culture, p]> U»-17, where the subject 
has been fully dealt with, and suggestions made for 
its j)ropcr utilization. 

Coal Tar and Coal-Tar Products 

We publish tin* concluding ])ortioii of the article 
ill this s<‘(‘tion titled " Industry of (’oal 'I’ar ami 
Coal-'l’ar Products" by Mr Asoke Hose, the preced- 
ing portion having been published in the last issue. 


Industry of Coal-tar and Coal-tar Products 

iContinuffi from lanf 

Asoke Bose 


'rile technique of coal tar distillation has made 
tremendous progress in (ieriiiany, Kiigland, France, 
and in America. It is obviously impossible in an 
article of this nature to undertake a detailed des- 
cription of the actual jirocess of distillation as 
carried out in various works. A few observations of 
a general nature can, however, be made. 

(oal-tar after having been separated from the 
•iimnoniacal liquor, which .settles out at the top on 
allowing tar to stand, is distilled in large w'rought- 
bon stills (capacity varying from 5 to iS tons of 
set in brick-work and heated by coal or gas-fire 
•vitli or without the employment of a vacuum. 
^ he advantage of distilling tar in vacuum does not 


iiicrely consist in saving of lime and fuel and of re- 
diie(‘d wear and tear of the plant, but also owing to 
a mueb more perfeel fraetioiiatioii, in a larger yield 
eoupled with a superior quality of tiu* di.stillates, 
espeeially of antbraeem* ami of the residue, pileli. 
'Fhe still is titled with a pipi* at tin* to]) by wliic’b tin* 
vapours are earried into a »*ondenser i*ooled by means 
of a water jaeket wbieb is provided with a stenm-eoil 
so that the water may he healed at any stage as the 
distillation jiroeeeds. 'file eoiideiised ])roduels are 
run into ilitlerenl receivers. First come ammoniaeal 
liquor and the. light oils (if these liave not already 
been got off by previous dehydration), which float on 
water, 'riiesc arc followed as the temperature ri.ses 
by middle, heavy, and antliraeene oils, which are 
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heavier timn water. TJie residue left in the still 
is piteh, whieh, after it has eiioled down to a tem- 
perature of 100-1 is run out into proper vessels 
where it eools and j^radually beeomes solid. If the 
fraetions are he made aeeordin^ to the indieations 
of the thermometer fixed in the still, for example, 
while workiri< 2 r without a vaeiium, it is usual to ehaii^fe 
the reeeivers at the following [loints:- 

1. Jdf!:ht Oil (also ealled (’rude Naphtha) up to 
170'^r. 

2. Aluldh* Oil (also ealled Carholie Oil) up 
to 2;t0"('. 

3. Heavy Oil (also ealled Creosote Oil) np to 
27()''C'. 

1. Aiithraeerie Oil above 270”(‘. 

'riiese points are, of course, not always the same, for 
the temperatures in the distillation of eoal-tar depend 
too miieh on tin' .sha])e and si/e of the tar stills, on 
the way they are set and on the rate at which they 
are driven, and on the position of the tlierrnometer- 
bulb ill the still. A mueh more reliable method with 
a view to snlisequeiit fractionation is the observation 
of tin? jiroperties of the distillates. It is rather more 
usual in tar distillation practice to collect the various 
fractions according’ to the specific gravity of the distil- 
lates, which tend to rise in the proportion to the 
temperature of the distillation. Hetw'i'cn which 
limits of specific gravity the various oils should be 
eolleeted is a matter that depends on the particular 
products that are to be subsiujuently recovered from 
these oils. In the ease of the last fraction, the 
anthracene oil, for example, the grade of pitch — hard, 
nn'dium, or soft — required, mainly determines the 
limits of spicifie gravity, or alternatively, of temper- 
atures between which this fraction is to lie colh'cted. 
All these figures have got to be worked out by the 
chemist in the laboratory jirior to actual distillation of 
tar. It should be added in this connection that the 
diflcreiit fraction enumerated above an; not divided 
by any sharp lines substanirs occurring in the lower 
fractions may very often be present in small amounts 
in the higher on<‘s, and conversely — and that at 
ilifterent works tln*y are taken differently according 
to the market demand for products, and the ideas of 
the. management cmcerned. 
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'riie yield of the several fraetions as also of piteh 
varies within wide limits according to the kind of tar 
undergoing distillation, 'riie yield from (lernian tars 
(originating from coke-ovens) such us were found by 
the present writer in the eour.se of his work are given 
below so that a fair idea as to the percentage, content 
of the diffenml oils obtained normally may be 


(‘onve yed : — 

IdghtOil .. 0'5 2% 

Middle Oil .. « —12% 

Creosote, Oil . . — 10% 

Anthracene Oil Id — 25% 

Pitch (medium grade) 50 — 55^);, 


Water and loss to disl illation 5 ’,, a])])roximately. 

The residin' lift in tin? still, when coal-tar is 
distilled, is piteh, which usually maki'S up oO — , , 
by weight of tar. 'riie hardness of pitch varies accord 
ing to the total amount of oils distilled od’ from t;ir, 
and the greater this amount, the harder the pilch. 
'I'he specific gravity of pitch ihqn'rids upon its ilegree 
of hardness and even more u))oii the material from 
which lh(' tar has lH?t'n obtained, 'riiis varies from 
1*25 to I kl. 'i’lie principal usi* of pilch is for llu 
manufacture of patent fuel or briciiiettes from small 
coal or eoki' bret'ze. IMteh of medium grade is re- 
quired for this purpose. Other list's of ('oal-tar pitch 
art' in the manufacture of roatl tar of different speci 
fieations, for making electrodes, for obtaining soot, 
for making of .sjiecial roofing mati*rials and black 
varnishes. W'hen piteh cannot be ulili/ed in ari\ 
other way, it can be burnt to lamp black or distillcil 
for the purpose of making coke of particularly low 
ash-content. For purpose of strt?et-])aving the so 
called ' r'^fined tars ’ are generally employed. Hoad 
tars of different specifications are made by allowing 
molten piteh to run into oil, preferably water frc«' 
heavy (»il, or conversely, and by mixing the whole 
thoroughly by means of compressed air. Siibseipienl 
additions of oil or pitch may be necessary to bring 
the tar up to the sjK'citied viscosity, s])ecilic gravity, 
etc. In (iermany, for example, road tar prejjared hv 
mixing ti0% piteh and 10% anthracene oil is exlcn 
sively u.sed for the paving of roads. 

'rile other process for manufacturing road larv 
wdiieli i.s very often employed by the smaller l;«i 
distillerie.s, is to sulimit the crude eoabtar to a parli il 

21 )'^ 



SCIENCE IN INDUSTRY 

(lislillation, say up lo or Thu lighter 

oils arc thereby taken out leaving the, heavier oil 
fractions in the tar. 

The next step consists in dealing with the several 
products of distillation of coal tar. 'I'hc primary 
distillation of tar, separation of the aminoniaeal 
liquor and of the light, middle, heavy, and anthra<‘ene 
oils, constitutes nierc?ly the first step in a whole series 
of proeesstts, and this by no means yields products 
which could be ilireetly jmt to eomnureial use. In 
order to isolate valuable prodiuds — the various frac- 
tions arc necessary, 'riiis normally consists in redislil- 
lalion of the oils, crystallization, filtration, pressing of 
the erode ])roduels, washing and extraction by means 
of alkali and acid to remove the phenols, and bases and 
the unsaturaled conipounds respectively, and frac- 
tional distillalion and rectification with the aid of 
efficient fractionating devices, and iinally, if necessary, 
recrystallization of the pure products. The barest 
outline of the subsequent stages in coal tar distilla- 
lion practice is ail that can lx* given here. 

'rile ammoniaeal H(|uor is usually sent ba<*k to 
llu' gas-works or tin* coke plant, (»r to a dinVreiit 
departineni, as flu* east* may be, lo be worked up 
together with the licpior obtained at the latter place. 
Here ammonia is rec«)vcred and this by lrealmc.nl with 
dilute sulplnirie acid, is converted into ammonium 
sulphate which is extensively u.sed as a fertilizer. 

The “ light oil ” or erode naphtha is the first frac- 
tion that is given oil' by tar when distilled along with 
a certain amount of amiiionia water. Almost the whole 
of this fraction is recovered in the form of the distillate 
when the, tar is dehydrated. Ordinarily coal-tar 
<*ontains only ()'5 to of this oil, and as such it is 
worked uj) together with the crude benzol obtained 
from (‘oal-gas at the gas-works or eok<* oviuis. 'I’lie 
light oil is a light, mobile liquid of yellow up lo dark- 
brown (‘olour, of spt‘eific gravity varying from O'PIO 
to 0*9(50, containing as its chief eonstilucnts nO-70% 
benzol and its homologues, toluene, xylenes, etc., aii<l 
owi^s its eornrncrcial importance in the first jilaec to 
the ])resenee in it of these substances. Hesides, it 
nnitains phenols (5-10%) and ba.ses of the character 
’>f pyridine (l-;j%), a certain amount of naphthalene 
(this is present in considerable quantity in light oils 
obtained from coke-oven tars), hydrocarbons of the 
i>araffin and cyclo-parafRn series, and other substances. 


'J’he working up of light oils consists i*ss«*nlially 
in the inanufaeture of motor benziils of dilfermt spcci 
fi<‘ations by Uu* removal of phmiols and bases and the 
more highly unsaturated hydrocarbons (hut not 
entirely the less uiisaturated eompoimds, such as 
olc-fiiies, since the pn^sence of these is esst-ntial for 
imparting ‘ anli-knoek ’ properties lo the motor oils) 
by washing in turn with dilute caustic soda, dilute 
sulphuric acid and eoncenlraled sulphuric acid, and 
finally, by fractional distillation in spe<‘ial stills heal 
ed by steam. 'I’he process of working up tlu* light oil 
dilTers according to the product rcjpiired. 'I’his is 
comparatively short if the object is lo get motor ben- 
zols and longer entailing repealed fractional distilla- 
Ihm if benzcjie, toluene, etc., in commercially or 
chemically ])urc form are worked bu*. 

The middle oil, such as is obtained in llu‘ lirst 
distillation of coal-tar has a yellow up to light brown 
colour of speeilie gravity of 1*02, and c‘ontains up lo 
t()% naphthalene, from 25 to .‘i5\’" phenols (one- 
third of this being phenol proper or carbolic acid, 
and two-thirds the three eresols, and a little xylenol); 
further the two imdhyl-naphthalenes and about 5^^'^ 
bases, ])rineipally pyridim*, cpiinolim*, and quinaldine. 

The working up of the middle oil is carried out 
differently in dilftTcnt factories. Kither the crude 
oil is put into (‘ooling tanks, in order lo gtd out tlu' 
naphthalene whereupon both the oil drained from the 
naphthalene and that obtained by ])ressing the crudt* 
naphthalene are redistilled, or the crude oil is distilled 
as it is without waiting for the iiapthalene to crystal- 
lize out. In the latter ease the oil is split up into: 
,(ij crude benzol up to the boiling- point 1155'^ — this 
fraction is worked up together with the light oil; 
(ii) carbolic acid oil up to the boiling point 195*^ — 
Ibis is worked up principally for phe-md and nupb- 
thalene; (Hi) napllialeiie oil up to the boiling point 
220° — this is worked for naphthalene; and (iv) the 
residue remaining in the still may he employed for 
w'a.shing eoul-gas to recover crude benzol in the gas- 
works and coke-ovens, or in the, ))reparalion of 
impregnating oil for pickling limber. From (i) and 
(ii) after crystallization and .separation of napli- 
thalenc, the residual oils are workt'd u]) for plienols 
by extraction with dilut<‘ caustic soda .solution, pre<*i- 
pitation of the phenols by carbon dioxidt' gas, and 
fractional distillation and crystallization. 'I'be crude 
naphthalene is purified by pressing out the oils, wash- 
ing in turn with dilute caustic soda, dilute sulphuric 
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acid aiul ooiicentraU'd siilpliiirir acid, and by ri'distib 
lation or sublimation. 

The iu*xf. heavier fraction of coal-tar distillation is 
tlio heavy oil, also called creosote oil, which has a 
spccifii* gravity t)f I'Oii to 1*07. On allowing 
the oil to cool and stand about 20% by 
weight separate's out in the form of a cry- 
stalline mass. 'rids consists mainly of naph- 

thalene ainl its homologucs, in addition to thionajih- 
thene, di])hcnyl, etc. Hcsidcs, the heavy oil contains 
a lot of phenols ( 10-15' ' ) and bases (.‘i-5%). The 
subseipicnt treatment of this oil consists in separating 
and purifying naphthalene, and recovery by redistil 
lation of oils, which arc j»artly used as such, c.7. 
washing oil (to extract crude benzol from coal-gas), 
and partly as starting materials for the manufacture 
of impregnating oils, fuel oils for Diesel engines, 
etc. I'he heavy oil is vi*ry often worked up together 
with the middle oil in order that the phenols and 
naphthah'iie contained in both of tiumi may be 
collected together. 

'I'he last fraction of <‘oal tar distillation, the 
anthracene oil (also called green oil), is a greenish 
viscous oil of a sp<‘cific gravity «)f about 1*1, and 
consists of the highest boiling portion of coal-tar. 

'file working up of this oil consists essentially in 
the separation of the solid from the li(piid portions. 
On allowing anthracene oil to co(d and stand, crude 
anthracene separates out in the form of a greenish 
crystalline paste, which is filtcrc<l olT, prcssctl, and 
washed free of oil by imans of a little solvent napli- 
thalcnt' (derived from the light oil). 'I’hc anthractme 
thus purified is used in the manufacture of anthracpii- 
none from which as the starting material, alizarine and 
other exceedingly fast dyes for cotton are obtained. 
From the solvent extract from the anthracene paste, 
phenathrem* and earbazolc are recovered. 'Fhe oils 
drained from the crude anthracene are employed as 
lubricants, or are redistilled and sj)lit up into fuel 
oil, impregnating oil, and lubricating oil. 'I'he lubri- 
cants obtained from coal-tar oils are, of course, in- 
ferior to such products derived from petroleum, but 
not so arc the impregnating oils from tar-oils, which 
are superior to those obtained by di.stilling wood-tar. 

'rhe prcsc'iit writer oldained the following yield.s of 


pure products from a representative sample of German 
tar; — 


Benzene (Benzol) and Toluene 0‘22% of tar 
Xylenes and Solvent Naphtha 0‘()2% „ „ 


Phenol 
(’resols 
Naphthalene 
Anthracene (pure) 


0‘B)% „ ,, 
(>‘.**5% „ „ 

d‘.‘b5% „ „ 
()-i2% „ „ 


'Fhe chief applications that are made of the more 
important commercial products recovered from eoal- 
tar may now be summarized. 'riu'sc are given 
below : — 


Criule or nearly pure 


Pure 


Benzene .\s Motor Fuel, Solvent, In the manufacture of 

DyeslufTs ; Solvent 

Toluene Solvent In the nianufactnre ot 

Dyc.s, Uxplohives, 

(T, N. T.), Saccharine. 

Xylenes Solvent In the inannfncture of 

Syntlielir Perftinies 

Naphthalene In.secticide, and In the nianpfactute of Dve^ 
mild disinfec- 
tant, and for the 
tnantifaeture of 
lamp-hlack. 


Phenol 


t!re.sols 

Pyrijline 


.Strong antiseptic In thenianufacture (d I)y(“s. 
and di.sinfectant. Kxplo.sive®, Synthetic 

Drugs, Ai tiheial R<*sins (e,//. 
Bakclito, Kesinite). 


l-'or denatiirati-.ig si)irit as a 
rcngciil ii. the lahoratoiy. 


Anthracene 


In the manufacture of tin- 
fastest cotton dve -stuffs. 


Although no deduite line can be drawn setting 
the limit up to wliieb the tar-di.stilleries (‘ould g(v it 
has up till now been more or less usual for them to 
stop at the point of manufacturing the above-im-ntion 
ed products in pure form . 'I’he preparation of the 
intermediate products required in the manufacture ol 
the industry of dyestufls, pharmaceutical products, 
etc, and the manufacture of the latter substances llum 
.selves from these coal-tar products as the starling 
materials form .separate industries by llieinseh« ''^ 
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wliicii) however, arc dcpcndcTU on I he main inilnstry 
of coal-tar distillation. 

Coal-tar distillation, hy virtue of the immense 
possibilities it otfers, is one of tlie most important 
ehemieal industries almost on a par with those of 
sulphurie aeid, eaustie soda, and industrial aleohol. 
From all the information available it appears that we 
in this country are not at j)resent utilizing all the tar 
we produce in the way it should be done. Tlu; grovviiifr 
iron and stee! industry would require as a matter 
of necessity inereasingly greater output of har<l 
coke, which in its turn would naturally result in 
greater (piantities of tar being math* available. In 
view of this, it behoves all those intereste<l in the 
industrial deveh>pment of India to seriously think of 
the problem of utilizing coal tar in ways other than 
burning it in the crude state or running It to waste, 
or e.\])orting it abroad, 'i’lie last-named course 


would be tantamount to allowing a most important 
source of })otentiaI wealth to flow out of this country. 

It is true in the present eireuiiistanees in the 
face of terrible competition in tar products of every 
deseri))tion from countries that are iiulustrially ahead 
of us —some of them have even been allowed to enjoy 
preferential treatment over others in the matter of 
tariff, etc., it would not at all be easy for us to 
sueeessfully lu)ld our own without the active support 
of the («)vernment of this country. W'hether such 
cooperation would be forthcoming from the (iovern- 
nieiit is a qui stion that may Iw left over for discussion 
at a lat(U‘ stage. Hut what is important in the first 
place is to focus attiuition on the urgency of the probhun 
and to secure its general rt^eogiiitioii. 'Pile efforts 
SeiKNc K .\Ni) (h i/ri'KK has been making in this direc- 
tion with great energy and zeal e\'er sinei* its ima-p- 
tion wouhl, it is to be <*.\peeted, help materially in 
securing this <nd. 


Tantalum 


From the rnineralogieal point of view tantalum is 
closely associated with niobium, the o.xide of which 
was isolated by Ilalehett in 1801 from eohunlute. 
'rw(» years later Ekeberg discovered tantalic acid in 
eoluiubite of Finland. Hut it retpiired more than a 
century before this element found industrial applica- 
tion, that is to say, after Holton in lOOJl was able to 
give »t a ductile form. 'I’he thin filaments of tantalum 
were employed in (jcniiany up till 1011 for incandes- 
<*ent glow lamps, and (jcrmany ha<l practi<-ally the m<»- 
nopoly of it. Even now tantalum filaments are p r e p w:- 
4d-to all other metallic filamenls in cases where the 
lamps are subjected to strong vibrations. 

'I’he old process of extraction of the metal by the 
reduction of double fluorides by sodium has been re- 
placed iiow-a-days by tin; eleetro-de|)osition from a 
hath of figff fluorides. The mineral fused with caustic 
soda gives a soluble tantalatc from which the oxides 
are precipitated with sulphurie acid. 'Plie mixed 
nxides are dissolved in hydrofluoric acid and the 
'solution allowed to erytallize with the addition of 
potassium fluoride. 7’hc sparingly soluble nature of 
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Kj Ta Fr permits t«» separate tantalum from niobium. 

It was only in 1910 that the electrolysis of fused 
fluolantalate was for the first time a])plicd. Anode of 
impure tantalum and a cathode of tantalum foil were 
uscil. Eater on a process analogous to that used for 
aluininiuiii extraction was adopted, i.c., I'a^C).-, was 
adtted to the fused bath of double Ibioridc. 

'rantalum is Tuainly characterized by its resistance 
to clKinical agents, even to aqua rctj'm. In America it 
is commonly used for laborat«>ry utensils and even for 
the prc])aration of standard w»*ights. 'rantalum finds 
extensive use in the const rvietion of acid-resisting 
apparatus, in the manufacture of electrical rcctihers 
and a.*; an antifriction metal. It is ecjually precious 
for the fabrication of surgical instruments and is used 
in dertistry and jewellery; an irnsicseent surface *‘an 
be obtained by electrolysis. 

Tanlalite is less common in India than eolumbite. 
It o<*eurs with eolumbite at Pananoa Hill, Monghyr, 
Hihav. It is not exploited in India. 

P. 7E S, 
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Magnetic Disturbances during a sudden 
Chromospheric Flare from the Sun 

In ii previous note to this section of the 
SciENCK AND CULTURF. ( \’ol p 115, 1937) the 
readers of this jourtnil were informed of a nurn- 
l)cr of, more or less world wide, distiirhances 
occurring’ on earth practically simultaneously with 
a solar outhrust marked on the sun’s limh by a re- 
markable briKhttMiin«: of the H-alpha li^ht in the 
region of a lai’ge sunspot. These terrestrial 
disturbances arc (t) world-wi<le radio fade outs, 
(2) Sudden cliafiges in the Earth (hirrents, (3) 
Sudden variation of the earth’s magnetic fiebl. 
This disturbance of the earth’s magnetic field was 
interpreted to be what is commonly known as 
the magnetic, .storms. In two recent papers, one 
appearing in the Terrestrial Magnetism (Vol 42, 
p 109, 1937) and the other in the Ph\)sical Revierrf 
(V'ol 52, ]) .155, 1937), A. (1. McNish after 
a detailed study of the magnetic effects as.socia- 
ted with the solar outbursts concludes that the.se 
outbursts <lo not produce “ magnetic storms” 
but result in a very special type of magnetic 
effect differeiit in nature from those occurring 
during magnetic storms. 

The suddeti magnetic disturbance accompany- 
ing a solar flare is di.stinct from the phenomena of 
magnetic .storms by the facts (1) that the former 
is more or less simultaneous with the .solar flare 
and disappears always with the di.sappearance of 
the solar phenomena, whereas magnetic storms 
are relate<l to solar activity in a statistical sense 
only and, whenever they occur, persist for a day or 
more; (2) that it is not world vvi<le, being con- 
fined to a region less than 90^‘ from the .siibsolar 
point at a time of occurrence, on the id her hand 
magnetic storms are most strongly manifested 
in polar regions; (3) that the cluniges in vertical 
irden.sity j)f the magnetic field caii.sed by the 
solar eruptions are small as (compared with the 
changes in horizontal eomponents whereas during 
a magnetie .sto^-m no .sueh hanl-and-fa.st rule is 


obeyed. These facts imlieate that the pronounc- 
ed blit short-lived jump in the magnetic records 
eoineident with the flare, cannot he regarded as a 
magnetic storm. 

The can.se for the magnetie disturbance on the 
surface of the earth is believed to he somewhere 
very high up in the ionized U])per atmosphere. 
Slewart-Schuster theory says that the diurnal 
variations of the earth’s magnetic field are cause<l 
by currents produced by the electromotive force 
generated by the movements of the eonducling 
ionized upper atmosphere across earth’s perma- 
nent magnetic field. Intense ultraviolet light from 
a solar flare may cause a sudden increase in these 
currents. It is concluded from various diagrams 
that the special disturbances accom])anied by 
a solar flare do not arise from irregularities in 
ionization but from irregularities in the distribu- 
tion of electromotive forces producing tin* 
” ionospheric winds.” 

The oleetrie circuits prc.scnt in the upper 
layers of the atmo.s}>hercs must be of very great 
dimensions. From the rapidity of changes occur 
ring in these circuits as manifested in the sudden 
appearance and equally sudden disappeararu'c cf 
magnetic disturhaiu'es it is concluded that the re 
actance of the.se cireuits is iieglihle. 

S. C. DEB. 


An Cgyptian Mirror Handle in Fossil Bone 

A note on this is puhlisluMl in Man, duly 1937 
by I). E. Derry of (’airo. He .says that in 1922 
and 1923 at the time of excavating Daii of rp])cr 
Egypt, Mr ( I. Hrunton opened a burial pit of I hr 
First Dynasty in which petrified animal hones 
mainly of hippopotamus, fragments of three Im 
man skulls and other bones of the skeleton iire 
found mineralized. The ])it contains Eighleenl!i 
Dynasty curved ivory objects, mirrors, spoons eh-. 
Derry was curious enough to go through tli- 
whole collection with the idea of finding 
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wlieilu*!* any of them sliowtMl of having: been 

iis«(l as niaterial in ilu* nianufactiin* of such 
ill-tides as those found in the pit. lUit ho couhl 
not find out any such thinj»:s. Soon after the 
return of Derry to (\airo, Major U. (J. (luyer- 
Anderson showed him the broken half of a 
mirror handle which ‘ proved to have been fashion- 
ed from the |)etrifie<i bone of some animal.* In 
the miror handle the cancellous tissue of the bone 
is well marked. 

M, li. 

A new High-tension Plant for Atomic 
Disintegration 

1. A systematic study of the nuclear disin- 
tcf^ration of atoms necessitates the production of 
very high speed projectiles. 

2. For a long time, however, such high speed 
])arti(*les could not be produced, but only could 
be ohimned from radioactive substances like Radi- 
um, Polonium, etc. which emitted fast a- particles 
(Helium atom shorn of its electrons) having the 
recpiisite amount of energy for nuclear transfor- 
mation. This was a great draw-back in the ex- 
perimental study of nuclear transformati(»n, since 
the motion of the ejected a. particles from a 
ra<Iioactive body is beymid human control and 
the particles emitteil are comparatively few in 
number. Ford Rulherfor<l, however, drew atten- 
tion to the idea, that if the a- particles were 
replaced by very high speed electrons accelerated 
l>y intense electric field the motion of the projec- 
titles could be easily brought under control. 
Rutherfonl, (\jckroft, Walton and many others 
strove hard for practically applying this idea 
and succeeded to some extent. They developed 
the so-called impulse generator method in which 
a high voltage couhl be maintained for brief 
periods lasting about a few millionths of a .secoml ; 
tiiis was no doubt a great im])rovement over the 
“Ider method of employing “ natural ’* «- pnr- 
ti<'les, but it had a very serious limitatit)n in as 


much as it was not suitable for producing a 
steady beam of high speed projectiles. 

3. Thanks, however, to the long and strenuous 
labour in the high voltage research laboratories 
of great manufacturing organi/.ations, it has 
recently been possible to buihl ii]) suitable 
high tension plants which wtuild generate very 
high direct-current potential. The feat is no 
doubt marvelous ami its achievement, even a few 
years back used to be i-egardcMl as impossible. 
This exceedingly high dift'ereiice of ])otcntiaI can 
now be efiVctively applied for ac<*elerating electri- 
cally charged particles (say, electrons) to a 
suflieiently high speed; tln-se particles, when 
injected into the nucleus of an atom will disinte- 
grate it and transmute it to atoms of other ele 
ments. Sin-h a plant generating 1] millijui volt 
was some time ago installed in Ijonl Rutherford*s 
Laboratory at Fambridge by the Philips Radiolo- 
gical Laboratory. Recently l*hilips Radiological 
Laboratory announce that they have been able to 
develop a high-tension plant which would generate 
ipfio 4 million volts. 

4. The gr<‘at advantage of this method is 
that it provides us with a mechanical control over 
the velocity of the projectiles, by varying the 
generated voltage. iHoreover, the beam of pro- 
jectiles is much more in^mse in this arrangement 

than in other prev*-* *«*!hods. 

. of tlr^r ‘ I 

The V '^'•and research by techni- 
cians ^oTinoiaiion of ,,f nianufaeturing firms 

of Uussoll Viper which have been res])onsil)lc 
in dc'w'^‘’'‘'.Vn**1hese ])lants, have not only given 
an im])elus to an intimate study of the atomic 
micleus hut have also letl to theTai)eulie studies 
of great value. Furie and Joliot have shown that 
a radio-active suhstaiiee can be ])roduccd artifi- 
cially by the bombardment of the lundei \yith 
high speed projectiles. Hut this is very feeble; 
the recent development of the high tension ])lant 
will howev(‘r greatly help the in*odnetion of the 
artificial radioactivity ami incr(‘ase its possible 
medical and therapeutic applications. 

.S. R. R. 
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Tlie Indian Science News Association 

The thinl ariDiial of* the ln(li«in Scicneo 

News Assoeiation was liehl on Anj^ust 29, 1997 
at 4-90 i).m. in the Applied (Miemistry Depart- 
inont, rniversity (’ollejie of *Seieiiee, Caleiitta. 
Owin^- to the unavoidable a])senee, due to illness, 
of Mr S. I*. Mookrrjee, \’iee Chaneellor, faleiitta 
rniversity. Dr liaini Trashad presided over the 
ineetintr. 

The Seei-etary, lb*of. S. I\. Mitra, revi(‘vvin»: last 
year’s work deserihed the services rendere<l to 
the eniintry hy “ S( iknck & C’ri/ri hk ” Ihrou^li its 
edi+orial and t)ther articles on national problems 
by eminent autimrities on the sul).ject. He referr- 
ed to the intnaluction into tlie journal of the sec- 
tion of “ S<‘ience in Industry,” which is now a 
ret*:ular feature eontaininj»: every month an arti- 
cle o?i an im])orta!it imlustrial subject. He then 
submitted the report of tlu? .\sso(‘iation for 
1999-97, 

Ib’of. M. N. Saha, one of the Secrelari<‘s of 
the Asso(‘iation, Hum delivered a short sjieech in 
regard to the work so far done by S( ikn< k 
& Ci'i/rniK, tlie object of which was not only popu 
larization (»f .scieritific know'ledi^e, Imt also to a<lv(j- 
eate the apt)lication of science to all problems Of 
our national reconstruction. It was held in some 
quarters that the schemes advocated in the journal 
W’ere too ambitious and expensive. Dr Saha 
eiteil l))e example of Soviet Kussia which in its 
pre-Revolution days was similar to India in her 
potential plenty and umleveloped natural wealth 
and resources. No scheme of national recon- 
struction could be pushed to a successful cud due 
to conflict with tlu* v(*.stcd intt*rests created by 
the capitalist system. Hut the Soviet Russia 
realized the im])ortance of the co-operati(Ui and 
service of the scientific tale?it of the land for 
the purpose of an all-round development and 


enli.sted it. The maf.qiifieent results of this are 
now*^ before the w'orld as instances of admiration 
and emulation. The enormous development of 
Russia shoubl j^ive food for thouf^ht to all our 
politicians. “If all the national <levelopment 
.scht‘mes, concluded Dr. Saha, which have appear- 
ed in SciKNcK & C'ri.TCKK can be carried out- - 
and it depends ui)on those who hold the power, 
then the ])roblems of poverty, flood, famine, and 
j)estilence, which have become chronic in our 
unfortunate country, will ilisappear for ever.” 

In his presidential n*marks. Dr. Haini Prashad 
said that there was a ^^reat truth in Ib-nf. 
Saha’s a<lvocacy of havi!i}»‘ non-oflicial co-opera 
lion for such schemes where tlu* a<lvicc of 
scientists would be of value. Sciknck & (’ri/ri iiK 
had in the past done jiood service hy i)uhlishin» 
<letailed articles rcKardinc* a number of scientific 
schemes which would lx* of ‘ireat value for the 
advancement of the country, ami it was hopt‘«l 
that more detailed information re<»ardin^- such 
schemes WMUlId he puhlished in the future issues. 

Botanical Society of Bengal 

The Kourth Ordinary Hcneral Meetinji- of the 
above Society W’as held on Momlay, the 90th 
.\u}»:ust, 1997, at b-dO I\M. in the Hotanical 
Lahoratory, Presidency (‘ollet»e, Calcutta, to 
transaci the following- business: — 

I. (’onflrmatit)n of the minutes of the 9i‘d 
Ordinary Heneral Meeting held on 90^7 97. 

Jl. The folb)wing ])apei‘ was read:- 

•* A new aspi*ct of nitrogen flxation in Soil’ 
by -S. R. Sen Outfla, M.Sc., Pli.D* 
(Dond.) . 
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A new Micro-chemical Method for the Confirmation 
of the Molecular Formulae of Stenonei, 
eipecially of Artostenone 

Sterols or slenoin s contain in general a large miinhcr 
of carbon atoms per molecule ami llie task of ascertaining 
(Iclinitely the exact nil nlier «)f carbon atoms present in such 
a molecule is a very diHiciilt one. It was <leci»le«l only 
ill the year ‘1^32 that the formuhe for ergosterol is Ct,H 4 40 
ami not A snUicient <iuanlily (about 20 gr.) of the 

<iihstaiice was also necessary for such determination. 

Isolation and investigations on the constitution. of a new 
stenone “Artostenone" has just been reported by the 
author.’ 

11 V way of determining ilefinitely the actual luimher of 
rnrbou and hydrogen atoms in an artostenone inolecnle it 
lias also been possible to develop a new micro-clieinical 
method which may with great advantage be applied to any 
siiTol or stenone. 

.*\ short note of the metliod is given below. Details will 
shortly be published elsewhere. 

Artostenone has been converted to an amine arto.sten.a- 
mine (m p. 170®) through its oxime [i.e. by reducing 

tlie oxime with zinc «lust and alcoholic solution of caustic 
soda (^fo)] This amine is insoluble in IICI but soluble in 
.^1 ici il acetic acid. Two molecules of this amine combine 
^^ith one moleeule of ll,ri Cl* to form a complex artostena- 
m ne pl.'itiiiichloride. The molecular weight of this com- 
ph‘x has been found to be .201 ( ITegVa micro-imiflie 

im iliod ). From this the mol. wt. of artostenone on 
e:di iilali<m comes out to he 4 10.5 (C,„Ht,i,0 recpiiring 12(1 
iis the mol. wt.). 

Confirmation of the molecular formula of artostenone 
(the determination of the exact number of carbon .and 
liNdrogen atoms in the mol) has been possible through the 
•mcro-analytical (letermiuations of carbon and hydrogen of 
this heavy Pt eomplex. The percentage of carhfin and 
hulrogeii a.s ascertained by micro method, is 56.88 and 8.5 
I’e^pectively. 

( Nll,C,„n*oIICl ), PtCl* requires 57.05 and 8.1 

Difference of one carbon or hydrogen atom in the iiiole- 
( iilc would cause a Urge variation in the percentage of 
'■ I'^bon and hydrogen of the cohiplex Pt-conipound. Hence 


only by combustion it is po.ssiblo to n.scertain definitely the 
number of carbon and hydrogen atoms in the large •itiols. 
like sterols and steiiones. '2 gr. substance is sufficient for 
the determination. 

The author records his thanks to the Lady Tata Memo' 
rial Trust for a research grant. 

Thanks are also due to Prof. J. C. ('•lio.sh and Dr K. P. 
Basil for the facilities offered and for the interest they have 
taken. 

Chemical Laboratory, 

Dacca University. M. C, Nath. 

13.7.37. 

1. Nath, M. C. - Hoppe Seller's Z. Phyaiol, Chom. 

0, (1037); SctKNCK8f Ci'LTUKi:, 5, 57, 1037. 


The Determination of Iso*olectric Point of the 
Neurotoxin of the Rnsiell Viper Venom 

The det(*rmi nation of the iso- electric point of the neuro- 
toxin of Russell Viper venom was carried out in a three-chani- 
bered glass cell, Ihemidilleehamber being separated from the 
two side chaiiibiTS by membranes of suitable porosity. The 
venom solution adjusted to requisite pH was placed in the 
middle chamber and the side chambers were filled with 
buffer solutions having the same pH as that of the solution 
in the middle chaiiiher The side chambers were put into 
electric connection with copper sulphate solutions contained 
i l two beakers by means of agar bridges. Tw'o copper 
electrodes were dqiped into the copper sulphate solutions 
contaiueil in the two lieakers. The whole arrangement was 
placed inside a refrigerator inaintaine.l at 4®C. After 
pa.ssing 108 coulombs of electrieity through the system the 
contents of the two side chambers were tested. It was found 
that the neiirotoxin can pass through “ultrafine coarse” 
membranes but are completely held back by “ultrafine 
medium" membranes. Using “Ultrafine coarse” membranes 
the toxicity of the contents of the cathode and the anode 
chambers were fouml to he the same at pH 5.8 to pH 
5. 9. The iso-electric point of the neurotoxin is in the 
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nei^libotirhoorl <>f pll 5. H. ft v.ill be evident from the 
following data in the table 


pH 

Nos. 

Cathode. 

of m. 1. d, s in 

Anode. 

3.0 

300 

n 

4.0 

350 


4.5 

300 


5.0 

150 

10 

5.-f 

50 

10 

5.6 

20 

12 

5.8 

10 

10 

5.0 

10 

10 

6.4 

10 

50 

7.0 

„ 

120 

8.0 

„ 

180 

0.0 

„ 

240 


neparlineiit of Applied Chemistry, 

University College of Scienec, jj.X. (thosh. 

Calcutta, S.f^.De. 

8 . 10 . ^7 


Partial Separation of the Neurotoxin 
of RuMell Viper Venom 

The drierl veiioni of Russell Viper has been analysed 
by (bingnly and Malkana (1035) and has been found to 
contain as much fus 06.8 per cent protein. The neuroloxin 
is aUv.a\ s associated with the protein portion of the venom 
Measured by intravenous injection into pigeons, there are 
usually i)rcsent ()SS M U.f). of iieurotoxin per mg, of N, of 
the dry venom, (hinguly and Alalkana obtained a prepara- 
tion which for the same nitrogen content, was 1.7 times 
richer in neurotoxin than the f)riginal venom. We have, 
however, sncceed«-d in concentrating the neurotoxin in a 
protein fraction, which for the same niirogen content is 
about -5.1 times richer in neurotoxin than the origin.al 
venom. The procedure adopte»l bv us i.s a.s follows. To 
20 c.c of a 0.5 per cent solution of Ru.ssell Viper venom 
( pH 5.8 ) was added 30 c.c. of 40 per cent sndiun stilphate 
solution (pll 5.8). The mixture kept at 57*C for 30 
minutes and t!ien centrifuged. The supernatant solution 
containing the neuroloxin w'as taken and to it was added 
solid sodium sulphate until its concenlrntion in solution 
was .30 p^r cent. The precipitate contrtins the major 
])ortion of the neiirotoxin. It was separate i by centri- 
fuging, dissolved in water and the volume made up to 50 
c.c. The solution was then shaken with Willstatter’a 
aluminium hydroxide C (12 mg of alutniniuin hydroxide 


was used for every 1000 M.L.D. of venom ) for 30 minutes. 
The gel was separated by centrifuging and was then shaken 
with a solution containing 1 per cent Na|HP04 and 1 per 
cent glycerine for 30 minutes for the elution of the neuro- 
toxin. The toxicity and nitrogen content of the solution 
w'ere then determined. It w'as found to contain 3500 M.L.I). 
per mg. of N,. Therefore purification attained is 3500/688 
i-c., about 5.1 time.s. 

Department of Applied Chemistry, B. N. Ghosh. 
Tliiiveisity College.of Science, S S. De. 

Calcutta. J>. 1». Bhattacharjee. 

8. 10. 37. 


On the Occurrence of Camallaniia anahantin 

Pearse 1933 in an Indian edible fish 

The nematode worm Camnllanus annbavtis was first 
dirscribed by IVar.se’ in 10.33 from the intestine of the fish 
Anahaa tpalvdinava at Bangkok, Siam. Literature on the 
subject shows that C. anabantia has not been rejmrterl 
from India, and incidentally this is the first report on the 
occurrence of this w'onii in India. In course of examina- 
tion of the gut contents of the same fish nine specimens of 
nematode w’orm were encounteretl, which on examination 
proved to be C. anabantia. Though identified as C. una* 
haiilia thc.se .specimens exhibit difrerence.s from the des- 
crij>tio.i given by I’earse. The description by IVnrse is 
insnITicient, am! therefore, a detailed description of this 
worm would be published later on. 

Department of Zoology, 

University of Calcutta. (h'rindra Kumar Chakravarlx. 

7. 10. 37 


1. Pearse, A. S Journ. Siam. Soc. 9, 182-18.3. l')33 


On the Inteniity Variation of the Auroral Green 
Line of the Night Sky Light. 

A number of workers’ have reported that the inten.sitv 
o 

of the oxygen line 5577.35 A (’So-'D|) undergoes gradual 
increase after sunset, reaches a niaximuin value some time 
after midnight and gets weaker .again before dawn. There 
is a certain correspondence between this ])henoiiienon 
and the variation of the height of the F-Iayer throughout 
night. Tima the K-layer persisting at a constant height 
of about 300 km for .some hours after sun-set gratlmdlv 
approaches a ininitnum level (c. 200 km) after niidiii.uhi 
and again goes up before dawn*. It has also been t>i'- 
mated that the green line 5577. 35 A in the night ?kv 
originates at a height between 200 km and 300 km ab'i\'‘ 
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the surface of the earth.* Assuming that the number of 
radiating 0-atoms remains fairly constant throughout the 
night, the approacli of the F-Iayer towards the ground 
signifies that the radiating centres are liroiight nearer to 
tlie earth, and the recession of the layer, on the other hand, 
results in the removal of the radiating centres farther away. 
If, now, the layer do.scends by some 80 km from the maxi- 
mum height of about .iOO km, an application of the inverse 
square law gives the ratio of the maximum intensity to 
the minimum of the green line to be roughly 2: 1, as found 
experimentally. It is interesting to note in this ootniection 
that the electron density of the F-layer assumes a maxi- 
mum value near about the midnight^ when also the 
intensity of the green ()I line 5577'35 attains its maximum 
value. 

Indian Association for the 

Cultivation of Science, B. Mukhnpadhyay. 

210, Bowbazar Street, Calcutta. 

2. 10. 37 

1. Rayleigh. Proe. /*>//. Soc m. 305, 102*: Me. 

T,ennan, Me beod & I etou, Tranfi. Roy. Soc. Can, 307, 
1<*2iS; Dobrotin, bVanck, Cervciikov, Comten Rendua. 
IJ.S. S. R. ;, 110, lO.VS; 

2. Martyn and Pulley, Proc. Roy. Soc. 45', 1036. 

3. Cabannes, Comptes Rendus, 200, 1005, 1035. 

1. Appleton and Naismith, Prcc» Roy. *Soc., 750, 685, 1035. 

InterpreUition of tbo Abaorption Spectra of Pr IV 

The sharp absorption spectra shown by the rare earth 
ions in solution as well as in crystals have led to the vi«*w 
that they originate in the inner tran.sitioiis w’ithin the 
(S.sp) shell. Van Vleck' has recently shown that their 
sharpness and the extremely low intensity arc explicable if 
they are attributed to the forbidden transitions, which are 
due to the rearrangement of the l-and s-vectors of the 4f 
electrons. He has enumerated three form.s of radiations 
possible in such cases, viz., 

(1) Quadrupole radiation, where /Ij of'dl, — ±2, • 1 orO 

(2) Magnetic dipple „ „ „ “ 

(3) Electric dipole „ ^ may be up to ±:4, 

(Caused by the di.stortion in* the motion of electron 
hr(»iight about by the asymmetry in the cry.staBiiie field). 

The purpose of the present note is to attempt a classifica- 
tifui of the absorption spectra of Pr IV in the light of the 
al-ove theory. 

In Pr IV containing only two 4f-electrona the various 
allowed stales are given by •(P, F, H) and *(S, D,.G, 1); 
these ■H4 represents the ground state. The different 
'Ups of sharp ^absorption lines and bands will thus arise 

2':>9 


out 0/ electronic transitions from the ground state ot 
the other allowed .states. The fine .structure inside each 
group is due to the decomposition of the energy levels in 
the crystalline field and to their coupling witli the lattice 
vibrations. It is therefore regarded that the centre of 
gravity of each group denotes the fre(pieney of the corres- 
ponding electronic transition in the absence of any field. 

The spectral terms of Pr IV will be analogous to tho.se of 
La II, which pos.se.ss the eheironic configuration 4f*. In 
the present classification it is therefore proposed to take 
the help of the analysis of the emission spectra of J.a II 
carried out by Meggars and Rus.sc‘11. In it the jterins 
corresjmnding to the alloweil states tine to If* configuration 
are all present. It is possible to calculate the values of 
the terms of Pr IV from tho.se of La II. The ilifference in the 
two cases lies in the different values of their effective 
nuclear charges. The intervals between the terms will 
therefore jliffer by a constant factor. From the separations 
between the components of the * H multiplet it is found 
that this factor is 2*41 appro.vimatcly . In the table I the 
v:di]e.s of the allowed terms of Pr I\' calculated from tho.se 
of La II are given. The ground term *13 4 is a.ssumed to 
be at zero. The C. IL s of the groups of observed lines anti 
bands are placed side by side, so that the correspomliiig 
transitions are tpiite apparent. 

TABI.K I. 

Terms. ‘J’ Termvaliies C. (Ls of absorption 
(Calculated) groups (ob.served) 

•r 4 0 m*’ 

5 2,100 

0 4,154 4 

>I« 2 5,500%S „ 5200*m*» 

3 6.746-4 „ 6950» „ 

4 7,564*8 „ 

’O 4 10,608 „ 9835« 

M) 2 11,740-8 „ 

M 6 17,522 4 ., 17,043 „ 

»P 0 20.066*8 „ 20,602 ., 

1 20,390-4 „ 21,294 ,. 

2 22,012 8 „ 22.401 ., 

The absorption sjiectra in the visible regio^h were 
inve.stigated by using large single crystals of Pr cl,, 713,0. 
The frequencies in the infra-red (marked with an asterisk) 
are taken from the data of Gobrccht*. It will be noticed 
ill the table that there is a close agreement between the 
ohservetl and the calculated frecpiencies. A detailed 
account of the investigation will appear latei in the Indian 
Journal of Physics, 

Palit Physical Laboralry, P. C. Mukherji. 

University College of Science, Calcutta. 

30. 10. 37. 

1. Van Vlcck. Journ, Phya Chem, 4/i 64, 1936, 

2. GobrechL. Ann.dea Phya.., 28, 673, 1036. 
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Obituary 


Lord Rutherford of Nelson 

It is all irony of fato tlait wg have to write the 
obituary of [iortl Rutherford instead of haviiij; the 
])rivile^e of printinjr his Presidential Address to 
the Silver Jubilee of the [ndian Seienee (-ongress. 
A true seientist is usually abstjrbed in his work in 
the laboratory, and Lord Rutherford was the living 
illustration of this rule. In fai-t it was with the 
greatest dillieulty that he was persuaded to aecept 
the lU’esidentship of the diibih^e s(*ssion. He wished 
to be exeiised on the plea that he had no lirst>han<l 
knowledge of the problems of [ndian Seienee. But, 
as a recent Indian visitor to the (/avendish Labora- 
tory narrated t<i one of tin* writ(‘rs, having accepted 
the presidentship, he had begun the study of Indian 
problenis with great (‘uthusiasin, and our friend 
thought that his lecture w^mld not only have been 
a grciat contribution to science, but would have 
proved also very useful for future, [[is sudden and 
unexpected death has cast a gloom over the whole 
of scieiitifK' India. 

Early Career 

Ijord Rutherford of Nelson was the son of 
middle-class iiarents in New Zealand, being the 
youngest child of a large family. He was early 
educated in the city of Ncl.son and one of his class- 
fellows was Sir William Marris, ex-(Jovernor of the 
United Provinces. After a brilliant career in Now 
Zealand, where he carried out researches on his own 
account in the then exciting subject of wireless 
telegraphy, Lrnest Riitherfonl. as he was then, came 
to England in the year I Silo to do research work at 
the Cavendish I^d)oratory under Prof. 8ir J. J. 
Thomson (now Master of Trinity College, Cambridge). 
Thomson records in his autobiography that three 
of his most prominent students arrived on the same 
day at the Cavondislr Laboi^atory from dittereiit 

SOIENOE ft 
d U i. T V EE 


parts of the world, Rutherford from Nijw Zealand, 
McLennan from Canada, Townsend from Trinity 
College, Dublin. Many of Thomson's j)ui)ils rose* 
to great distinction but, of course, none to the height 
which liord Rutherford reached: Tlis coming to 
England was rendered possible by the award of mii 
E xhibition Scholarship. 
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Lord Rutherford of Nelson. 


Career at the Cavendish Laboratory 
■ While in New Zealand, Rutherford had ini'Mc 
experiments on the effect of High Frequency 1’ = '" 
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charge on the Magiictiain of Iron, which led to liia 
invention of the Magnetic Detector of electric 
oacillatioiis. Those exporiiiients were continucfd at 
the Cavendish Laboratory, and established a reeord 
for long-distance tclcgrai)hy at that time. , However, 
this work was soon given up for that of a more 
fundamonbil nature. Thomson was busy at that time 
with investigations on the ioni/atioii of gases 
produced by the newly tliseovcrcd Rbntgen Rays 
(1893). He impressed into s<TYice all the younger 
workers in the Laboratory, Townsend, McLennan, 
Langevin (from Paris), and Rutherford. Rutherford 
entered the now work with extraordinary enlhnsiasin 
and very soon discovered several results of great 
importance. In 1897, he .show(‘d lliat there is a 
close connection between the alisorption of X-rays 
and the amount of ioni/ation ()rodne(><l, tliat the 
rate of recombination of ions is proportional to tin* 
scjuare of their miinb(‘r present, and hy a Hp<‘cial 
method determined (ho sum of the mobilities of the 
positive and negative ions in tin' ease of many gases. 
In 18J)8 he took up the study of the eniis.sion of 
elcetrieity from metals illuminated by ultraviolet 
light and soon proved that the ions produeed hy 
ultraviolet light were identical with tliose produced 
by X-rays. . 

Radio Activity 

After these pndiminary works, which were 
I'arried on during the i)eriod of his a|>prenticeship 
to Thomson, Rutherford passed on t(» what was 
destined to be his lif<‘-work. Jn 1895, Rdntgen had 
discovered the X-rays, and the nmisiial properties 
possessed by these rays created the most intens<» in- 
terest iir the world, and led seientilic men to look 
for *hiddei| rays^ from all kinds of sources. One of 
the men who were rtiwarded with a great discovery 
was H. Beqiiend of Paris who found that the heavy 
(dement. Uranium, or any of its compounds, emitted 
‘‘rays” which could passthrough paper and effect pho- 
to^rraphic plates. Following up the work of Betpicrel, 
tlic Curies discovereil the wcmderful element, 
‘Rsidium,^ after an ejne struggles and other ‘radio- 
active elemental were soon discovered in succession 


by Schmidt, Debierne, and others. But the pro- 
perties of these dements were a coinpicli' puz/lc to 
the pliy.sicists. They were found to emit radiations 
which could not be modified by the most scv(*re 
chemical and physical treatment, got- sptuitjiiieoiisly 
h('atcd, and apparently were jible to iiulmM' similar 
properties in siihstaru'cs held close to them. An 
idea of the confusion which reigned in the minds of 
the greatest scientists may he gathen'd from (he 
following extracts from Ruth(*il'or(l’s I\a(/ii)arfire 
stthshniccs nm! (heir Jim! ia I inns — puhlislu'd in 
1913. 

J. IVirin, in 1901, following the views of .1. .1. 
Thomson and others, sngg(\^te(l that tin* atoms (^f 
ma(t(*i* consist('(l of parts and might he likeiK'd to :i 
miniature planetary system. In the atoms of the 
radio dements, the parts composing tlu‘ atoms more 
distant from the centr<‘ might he aide es<*ape from 
the central attraction and thus give rise to the radia- 
tion of (‘iiergy ohs(‘r\ cd. 

“P. (3n*i(s who in eonjnnetion with D(‘l)i(‘rii(», had 
made a series of res('arches on the radium cmaiia' 
tioii, did not at first consider that tla.-ir was snilhdciit 
evidence that tin* emamilion was material in nature. 
He snggest(‘d that (In* emanation consisted of centn's 
(»f condensation of (*in‘rgy attached to tin' gas nioh*- 
cules and moving with them. 

“In a paper armoimcing the discoV(‘ry of tin? 
Ijeat emission of radium, P. (‘iirif* and Uahordc 
stat(‘ that tin* heat ein*rgy might he (*(inally well 
supposed to d(‘rivcd from a hiraking up of tin' 
radium atom nr from em*rgy ahsorhed by, the 
radium from sonn* (*xtcnial soiina*. 

“J. J. Thomson in an article on “Radium,” com- 
immh*at(*d to AV/Z/oc, put' forward tin* vi<*w that 
the emission of energy from radium was probably 
due to some change within the atom, and pointed 
out that a larg(* s(or<* of energy would he rel<*as(*d 
hy a contraction of tin* atom. 

“Sir William (h'ookes, in 1S99, proposed the 
the(»ry iliat the radio-active el(‘m(*nts poss{‘S.scd the 
property (d' abstracting en(*rgy from the gas. If tlie 
moving inole(*nlcs, impinging iimrc swiftly (jn the 
substance, were released from (In* aetiv(‘ substance 
at a iniicli lower vch'city, the (*ncrgy released from 
the radio-(*Iements might b(* (l(*riced from the atnms^ 
phen*. This tln*ory was advanced again later to 
account for the large lu'at emission of radium, dis- 
covcreil by P. UAiri(» and Ijabonh*. 

“F. Re advanced a very geiu'ral tln‘ory of matter 
with a special application to radio-active beklies. 
He supposed that the parts of the atom tvere 
originally free, constituting a nebula . of , extreme 
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tenuity. Tlieso pjirts IukI jrnicliijilly become unitod 
round centros of condonsHtion. and had tlius formed 
the atoms of On this view an atom 

might be likcMicd to an oxi inct son. The radio-active 
elements occiipiod a transitional stage between tlie 
original nebula and tin* more stable eheniieal atoms, 
and i« the e.onrs(‘ of their eontraetion gave rise to 
the heat emission observed. 

“Lord Kelviti in a paper to th(‘ British Association 
Meeting, suggested lhat rmlinm might obtain 

its energy from external sources. If a piece of 
white paper is pnt into one vessel and a piece of 
black paper intr) an exactly similar vessel, on ex- 
ponnre of both vcss(ds to light tin* vessel containing 
the black pai>cr is found to be at a higln*r b'lnpern- 
tnre. He suggested that radium in a similar manner 
might keep its t(‘mperatnre above tin* snrrn\inding 
air by its power of al)sf»rbing nnknown radiations. 

“Armstrong and Lowry in HUKI suggested that 
radio-activity might be an exaggerated form of 
phosphon'seenee or flnorse(‘nee with a slow rate of 
decay.’^ 

It was at this stage, that Itntlierford <*ntered the 
field. Uis debut was very mod(*st.(Ile started in IStMl 
by oxainining the eoiidnetivity produced in gases 
by Uraninm Rays, lie showed by absorption ex- 
periments that the I b’aninm rays consist (d‘ at least 
two distinct kinds of rays, which an* now knowm as 
a- and ^-rays.i Tin* experiments with Thorium, 
another radio-aetiv(? substance, In)W(*ver, gave rather 
uncertain and discordant results — and the <*anse of 
this was not at all el<*ar at that time, but it was 
further in persnanec* of these results whieli led to tin* 
firat rational understanding of radio-activity. 

Rutherford in Canada 

f Rutherford now h*fl Cavendish Jiaboratory to 
take up the position of Pr(»fessor of Physics in the 
McGill University, Montn*al, Canada, where he 
atiiyed up to 1907. Here In; continued tin* investiga- 
tion of the cause of the discordant results obtained 
with Thorium and was ultimately led to the discovery 
of the thorium emanation, and later in collaboration 
with Soddy t-o the theory of successive and .sponta- 
neous di.sintegration of elements.^ This theory which 
he presented to the world in I.90.-1, has remained the 
corner-stone of the new seieinn* of radio-activity 
and in the hands oi himself and his pupils led to 
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complete elucidation of this phenomenon. C Euther- 
ford returned to England in 1907 as Professor of 
Physics in the Manchester University, and started 
his .second group of works on the structure of the 
atom which was the logical development of his work 
on radio-a(itivity carried at Montreal. In 1903 he 
was elected to the fellowship of the Royal Society 
and in 190fi he was the recipient of the Nobel Prize 
for Chemistry for his theory of snecessivodisintegra- 
thm of eloment.s,jm(‘ntioned before, ft was a surprise 
to Sir J. J. Thomson and other distinguished 
physicists as the aYvard was made on eh(*inistry, ami 
not on physics. 

Rutherford at Manchester. The Nuclear 
Theory of the Atom 

Und(*r Riitherlbrd*s gnid:inee the Physical 
Laboratory «)f the University of Manchester rose to 
be one of the foremf)st <‘entres of res(*areh and attrac*- 
ted students not only from England, but from 
(jleriimny, Denmark, Riis.sia, .\im‘riea, India, and 
many otlier countries of tin* worhi. The s<;ientifie 
world at this tinn* was very sharply divided on (In* 
(pi(*stion of the structure of the atom. I0v(*r since 
the discovery of the electron in 1895, and of the 
recognition of the fa(*t that it formed a iinivta'sal 
constituent of all matter, tin* older id(*as regarding 
the atom as an ultimate (*onstitnent of matt(‘r whirh 
was in»t further divisible, be(*ame nntenabh*. Phy- 
sicists began to speenlau* about the way in which 
the atoms of positive and negative electricity werr* 
combined to form tlie different kinds of atoms. .Tlie 
first suggestion came from the famous ])hysieist, 
Lord Kcl'dn and was further elaborated by Sir J. »). 
Thom.son. They h(*ld that the positive electricity was 
concentrated in a sphere of about the same dimensions 
as the atom, and the electro/is were uniformly distri- 
buted throughout tiic .sphere. Bujb/n»<ier Rutherford’s 
guidance, two of his pupils, Geiger and Marsden, 
performed a fundamental experiment to tost Thoni- 
8on’.s hypotliesis. They bombarded the atoms with 
high-velocity a-iiarticlcs and found that though in 
geiiend the largest number of particles wen* 
deflected according to Thomson’s hypothesis, a very 
small number were returned on the same side.from 
which the particles were projected. ) A less careful 
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man than Rutherford would have imputed the 
slight deviation t<j experimental error, but Ruther- 
ford knew his a[)panitu.s and would not take that 
view. Ife showed that the results could only be 
explained if it was assumed that the. positive elec- 
tricity was confined in a v(*ry small region (about 
1()“^ times the atomic radius) at the. centre of the 
atom (called llie nucleus). Further experiments 
led to complete confirmation of his views, andlin 
IJIll, he formulate*! the nuclear theory of tlie abun 
in o])position to the Thomson model..' It may Ixi 
mentioned h<‘re that similar views had already been 
advocated in 11M)I by the Japanese physicist, 
Naga*>ka and the (lennain ])hy.siei.st, Lenard, from 
his study of the passage of elect rons through matter, 
b*it Leiiards language was to() <littieiilt for easy 
comprehension. 

Bohr’s Theory of the Hydrogen Atom 

Suiiport for this theory, which is now univer- 
sally accepted jind forms the corner-stone of atomic 
jihysics, came from many (piart:u‘s. About this 
time (UHl) Niels Bohr, a young Danish scholar, 
(born ISSo) ha*I b<‘en also studying the pas.sagc of 
/^-particles through matter ami had arrived at the 
same views as Rutherford. He cam** l() Kirkland 
with a scholarship, but very lew pliysi<*i.sts in 
Kngland were pr<‘pared to li.sten t*» such heretical 
views. But Bohr found a sympathetic response in 
Rutherford, who was so much impressed with the 
originality of RohFs mind that he creat**d for him 
a readerslnp in the Manchester rniversity, Il**re, 
in the sympathi'tic atmosphere, Bohr worked out 
his famous th***u’y of the origin of the hydrogen 
spectrum. It was a brilliant synthesis of the ideas 
underlying the nuclear theory of the atom, am! the 
(luantum theory of light advocated l)y Planck (1900) 
and Kinstein (1905) in (lermany, and pr*)vid*Ml a 
key, with which Bohr, his pupils and *)tlier physicists 
notably Sommerfcid and his pupils gradually 
unravelled the structure of all kinds of atoms and 
Kuve an explanation of tlu*ir spectra as well as 
their chemical and physical properties. 

Another distinguished man of the Manchester 


School was Geiger, the German physicist, ’ who 
under Rutherfo^d^s guidaiic** invent*‘d the Geiger 
counter, which is indispensable for researches in 
nuclear physics and c*»smic rays. It was also under 
Rutherford that Moseley, kilh'd during the 
Gn‘at War in tlu; Darilauellcs, made his brilliaiit 
iiivestigatioMS on **liaraet*‘ris|.ie X-ray sp**etra and 
their relation to at<Muic numluT. 

Rutherford at the Cavendish Laboratory 

In 1919, Sir d. J. Thomson was elected master cd’ 
the Trinity colleg**, and retired from die chair of 
th(i Gaveiulish Ijaborat«»ry. It is said that h*^ 
*‘Xpre.ss<*d a wish that Ruthiu’bu-d tts Iht’ most fits- 
tiiKjtiishvil of his pojiils slmiild lx* asked to fill up 
thr tiotsf f/isfif/fioished rhnir of pht/sirs in 
IIIIimI lip pn^vloiisly by sm’li giants as Maxwell and 
Lord R:iyleigh. A<‘eonIingly, Riitlierfonl jju’ned tlie 
(‘avemliNli Laborat*>ry in 1919 as ( W*‘ndish Pro- 
fessor, ami ])f‘gaii his tliinl great .serii's of investiga- 
tions. ft was (‘haract**risth‘ *>f Lord Rutherford 
that he was always for o|)ening m‘w tields leaving 
the old one opem*d by him for fiilh*r (*xph)i’ation by 
oth<‘rs. I 'p to this time the nmJeiis had been regar- 
d<*d iniieh as the old atom, mer(*ly as a lump of 
mass with positive charges on it. Rutherford clear- 
ly foresaw that, tlx* iiiieleiis would be as much as, 
if not iimre, eomplieaU**! than (Ik* atom and lx*gan 
to (hwisc experimental t('ehtii<iiie for a frontal attack 
*m its e*mstitiition. (In 1919 hf* Immbarded nitro- 
gen with high-spe(‘il u-|)artieh*s and obtained from 
it tiu* mieleiis of hy(lrog(*ii, which he christened as 
proton. This was tlx? first **.xamph‘ of eonvorsion 
of an ehmieiit into am»th**r (Tninstntilfilion of 
AVc///c/^/.v), 'thus taking the first practical stop to- 
wanls th*‘ alclu'inist’s dream of *'*)nvc*rting base 
metals info gi)hl. .Along witli his pupils, lie perfor- 
me*l many fnmiamental expm’iim'iits for the olueida- 
tioii of tin* stnietiin* of the niich*us, sucli as the 
(‘mission of y-ravs, omission of long range* «-particlcs, 
fine struct lire of u-rays and their iiiterrehitions. 

Rutherford as the Nucleus of a School of 
Distinguished Physicists 

* Ruth(*rford had an almost uniipie and uncanny 
faculty of drawing the most original minds to him. ’ 
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In 1921 ii yoiiiijr Uiissian, IVtci* Kapit/a was sent by 
the Soviet (jovcriiinent on a scif'iitifu* tour ; ho eaine 
to visit Rutherford at ( aml)ri(l‘>:e, who was so iiiiieh 
impressed wiiii (lie oritriiiality of the yoim^ Russi- 
an’s ideas that li(‘ j»:av(‘ him fatniities for earryiiijj: 
on original work in his laboratory. Here Kapit/a 
d(‘velo])(‘d his ideas for produeinji nnlieard of larjrc 
magnetic Helds (million gansses-white, formerly 
fifty thousand gausses was the limit) by the short- 
circuiting of l)att(‘ries. Rutherford provid(‘d Kapitza 
with a iellowship, an independent laboratory and 
funds to enable Kapitza to give effect to his ideas, 
ruder Jva|)itza’s guidance was built up the Moiid 
Laboratory for low-tc*mperatnn* r(‘search and 
magnetic investigations (the money was provided 
by Lord Melchett, tin* liead of tin* famous Rrunner- 
Mond Alkali Works). ll(*n* Kapitza worked till 
11)115 ]>ro<hn*ing nidteard of large magnetic Hcdds 
and almost (In* absolute zero (*f temperature by a 
new helium li<pn‘fying apparatus and discovering 
many nov(*l properties of bodies when placed at low 
temperature under large liclds. 

fn 1927 th(*r<^ came another Russiaiu Gamow* 
who had found out a new way of approach towards 
the understanding of nuclear structure, fn the 
scattering of <i-parliclcs by light elements, Rntln*r- 
ford had already noted facts of fundamental impor- 
tance that when an n- partich* a|)i)roach<*s too close 
to the nnclcns, (he Conlombian law of repni.sion 
br(*aks down and changes to om* of attmcfiori ; and 
that th(! distaiiet* up to which tin* (amlombian law 
holds for uranium micleiis cannot be reconciled on 
classical ideas with tin* energy of tlie ^-particles 
emitted from uranium. In 192S (bunow, proceeding 
from Rutherford’s work firopoundeil that the nuclear 
particles arc coiiHned within a [lotential barrier out 
of which tin*}' can occassionally leak on account of 
their wave nature, thus giving rise to 
rmlio-mlirity. This provided the first rational 
ex|)ianatiou of the plu'iioiueiion of Jfadioactivity on 
mechanical grounds and Rutherford quickly grasped 
the signilicance of Gamow’s ideas and perceived 
that if nuclei were bombarded with high energy 
protons, dentoroni or other particles, they would be 
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able to fieiietratc the luicicnr potential barrier and 
bring about nuclear transmutation. From a study 
of the particles emitted from this artiHeial disintegra- 
ti<in, nuieh information regarding the structure of 
the mieleiis can bo obtained. .\s a .sequel to this 
series of work (’oekoroft and VVbdton in the Caven- 
dish Laboratory first realized the traiismutation of 
Lithium to Helium by artiHeiallyaeeoleinted protons. 
This w<u*k was a. prelude to a series of brilliant inves- 
tigations on the transmutation of elements by arti- 
ficially accelerated particles carried on in England, 
on the continent, and in y\meri(*a particularly by 
Prof. E. O. T/awrence of the (biiversity of California 
and his pupils with the aid of the eyelotron. 

Discovery of the Neutron 

hi 1!)20, Rntli(*i*for(l in a Rakerian loetnre had 
foretold the existence of (he nentroii — a ])articl(^ 
having the same mass as llu^ proton but without any 
charge. In I!)3t), Rotlio and (h*iger, two G(*rman 
physicists, had discovered that when polonium is 
placed in eontaet with beryllinni, a new kind of 
radiation is given out which was much more penetra- 
ting than any y-rays known at that time. 
L Curie, daughter of the famous Madaim* Curie and 
her husbami Joliot in Paris tried to find out the 
energy vahu* of (his snppos(*d y-ray from a study of 
their re-aetion with paraflin and also nitrogen. The 
two methods gav(^ contradielory results. Chadwick 
(then .Vssistaiit I)ir(‘( for of Research at Cavendish) 
who had in his mental background the idea of 
Riitherfoid’s nc*ntrons, found that tlie rcsnlts could 
be explained if the Ik* — Po radiations were identi- 
tied witli Rnt}i(*rford’s neutrons. Tin* hypothc.sis was 
put on a sure background by Wilson-chamber (ihoto- 
graphs of the new radiations by F(*atber and Dec. 
The discov(*ry of this new universal particle which 
i.s in many ways more striking than the other fiinrla- 
mental particles owes miudi to Rutherford’s far- 
sighted vision and ins(>iration. 

{Another outstanding aehievement of the Caven- 
dish Laboratory during Jiord Rutherford’s regime 
was the discovery of the positron by Blackett, a 
pupil of Rutherford, almost simultaneously but 
somewhat later than (.1 D. Anderson. Amongst 
other pupils of hi.s who have made very notable 
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contributions to physics may be mentioned Ellis, 
Professor of Physics in the King’s College, London, 
well known for his work on the P-my spectra of 
radio-active elements, Appleton, discoverer of the 
layer in the ionosphere named after him, Cockcroft, 
Oiiphant, Dee, and Feather already mentioned. 

The above gives a very imperfect 8ket(^h of 
Ituihorford’s scientific achievements. The authors 
had not much time at their disposal to write a fuller 
and more comprehensive account 

Services to Science 

Though Lord Rjitherford was not a politician, 
he had done great things for the cause of science 
in England. English scientists of all ranks accep- 
ted his leadership and under his guidance have 
fought many battles with the bureaucracy for 
getting the claims of science recognized by the 
government In fact, last year one of the most 
distinguished of British scientists, a Fellow of the 
Boyal Society and a Nobel liaureate told tlu* senior 
writer that wheiiev<*r Rutherford found that the 
hureaucracy would not listen to the demands of 
science, he would tell his fellow scientists, “come on, 
let us go in for it and begin a frontal attack”. II is 
attacks were usually very telling. 'Be was non- 
otlicial chairman of the Board of Scientific and fn- 
dustrial Research and was responsible for liberating 
this body from bureaueratie control and bringing it 
to the control of technocracy (scientists and techni- 
cians who understand the thing). Wo. wish there 
were somebody in this eomitry to do the same 
lighting with our Civil Service Bureaucracy. The 
claims of scientific men are being lost under tlie 
liles of civil aorvunts in this country. He was 
absolutely iuteriiational in his outlook towards 
science. It is well known that it was mostly due to 
bord Rutherford’s initiative and iiiflueiico that 
iowish scientists deprived of their positions in 
Germany because of Nazi regime, were provided for 
in British and other universities. It led to the 
founding of the society for the protection of aca- 
‘leinic learning which has done, during the last 
‘ ouple of years, most useful work. 


The Expansion of the Cavendish Laboratory 

Under Lord Rutherford, th<‘ (Cavendish Labora- 
tory expanded greatly.' Ilis prcdeces.sor. Sir J.J. 
Thomson, narrates in his autobiography that du- 
ring his regime (before the War), the official 
apathy to science was .so great that in sj)ite of 
growing needs, he could not g(*t any funds for 
extension. He saved for a muubcr of years t ‘2,000 
out of laboratory grants, added a wing, and to some 
extent relieved the eongestioii. But tin* situation 
ha.s ehang(*d so much that Ru th(*rford got last year 
even without asking, a eheque for a quarter million 
pounds for the extension of the laboratory from 
Sir H. Austin, manufacturer of automobiles. Lord 
Rutherford told the scaiior writer in 1030 that he 
was feeling for some time the nece.ssity of extension 
and was thinking of issuing an appeal. He had 
iiivit(>d Sir Arthur ICddington to i)ay a visit to the 
laboratory ‘.uid write an appeal. Eddington did 
pay the visit and wrote the panqddet, hut it was 
never issued. In the mean-time, Rutherford happ- 
en<*d to meet the Premier, Mr. Baldwin, who was 
the Reetor of the University, and mentioned to him 
his plan of issuing an appeal. Two days later, lie 
received the cho(iiio. Mr. Ikildwin had spoken to 
.\ustin, who came forward with the gift. 

Prince of Experimenters 

It is universally recognized that Rutherford was 
one of the greatest exp«*rimental geniuses the world 
ha.s ever produced. In physical insight and intui- 
tion Rutherford belongs to that very small number 
of supreme investigators like Archimedes, (bililco 
and Faraday, who can easily separate the essentials 
from the details. What better exanqilos eaii we 
have of his far-reaching physical insight than tlie 
way in which the ca])ricious results originally appe- 
aring in his thorium ex|)eriments led him to the 
unravelling of tin? whole phenomenon of radio- 
activity, or minute deviations in the scattering of 
alpha-particles leading him to the nuclear tlieory of 
the atom, or the discovery of the neutron, or artifi- 
cial tran.sinutation. Physical science for ever will 
bear the stamp of his discoveries. To the outside 
world he will be known as the first man who 
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rcaiizod by his experiments the medieval alehemist’s 
dream of the coiivcTsion of base metals into gold. 
He was one of the first to realize the truth of 
Eiiistein^-s great diseovery of the equivalence of 
mass and energy upon wliich nuclear i)hysics is 
built up. A day may come wlum the ci»nv(*rsion of 
base metals into gold may be an actual possibility 
and from one gram of matter en(*rgy may be avai- 
lable which is now obtained by turning one <on of 
coal. These events wiien they come will have r<‘per- 
cussion.s on the economic and political situation of 
the world of which we can have no proper perc<‘p- 
tion at the present tinu*. 'fo tak<‘ one example, 
when Faraday discovered the pi'inciple of electro- 
magnetic induction in IS.'ll, few people reallz<‘d 
that this discovery would lead to revolutionary 
progress in communication, transport, and power 
production as we are witn(*ssing today. Probably 


fifty years hence the full eflTects of Rutherford^a 
discovery will be realized and after a hundred years 
mankind will reap the full fruits of his great disco- 
veries. 

Just at the time of writing this obituary, the 
authors have learnt that (Lord Rutherford was 
bnri(?d at the Westminster Abbey by the side of 

Newton and Faraday It is a fitting Tribute to 

the Illnstrioiis Dead by the great English Nation 
who will for ever feel proud of him, and his 
iiehievements in the field of Pure Science. 

Lord Untherford leaves behind him his wife, 
(Lady Untherford) and his son-in-law Prof. R Jl. 
Fiuvler, well-known theoretical physicist, and a 
iiiiinbtu* of graiid-<*hildren. His only daiightt'i*, 
Prof, h'owlers wife, has been dead some years ago. 

.)/. X. Sahn. 

D. S, Kothnri. 


Errata 

[ii StqK.Ni’K iV: CrJiTPUK .V, p. JllL Col. 2, Line 17 for ‘The cellulose 

in jute and similar etc.* ruatl ‘The cellulose 
in jute and ligno-eellulOse and similar ete.' 

„ „ „ p. 195, C()l. 2, Jjm* 8 for (in tlie long condi- 

tion) lietul (in the dry condition). 

„ „ „ p. H)7. Col. 2. Line ;i5 for 2i'm% read 

2l\S%. 

M M „ p. 1117 Ref. 17 for fj, Indian Chem, Soc. 1935, 

/l^ 17 read J, Indian (.hem : Soc. 1935, 12, 
171 and 17. 

„ 11 11 p 197. lief. iii. for Indum (Jhem. Soe» 1932, 

.9, 291 read J, Indian Chem. Sot\ 1932, 9, 291. 

„ 11 11 p. 198. Col. I. Line 3, for ‘remained* read 

‘remains* 
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Indian Science Congress Association, 1914-38 


WlllLF. olVi'riii}:' niir i<»ns miuI Ih-sI \\islu*s 

lo tiu* Imlinii (\)ii<»ri‘ss Assorijilimi on tin- 

iMTiisinn of its Silvri* ♦lulnlni* Session it seinns 
o|)|)nrluMe In u'iv(‘ a history of its <levelnpment -iinl 
i\ slock of its scrvii'c ainl jn‘hievenM‘ii1s in 
I lie cause of science in India iliirin^ the last ‘in 
years. The ‘Joth se.ssion of tin* Association will 
he uni(|iie in its history in view of the fact that 
the British Association for the A<lvance?uenl of 
Si'ience, which may he described as tlie parent 
body (d‘ all sucli si-ienlitic associations, has .sent 
a vciw representative dclcuatioii of its inenibers to 
fake part in the Jiibilm* Session of the Ind'in 
Scieiiee (Nniiiress Association. The deleuation was 
to be leil by Loi’d Kniherford of .Nel.son who no 
fortunately died shortly before his departure for 
India, it will now be le<| by Sir James Jeans. .\ 
few wellknown si'ientilic wt»rkei-s from other 
countries of the world ai’c al.so attendin.ir this 
historic session, ^’o all of them we offer a sincere 
and heart.N welcome. We ho\)e that tl;is visit will 
not only enable them to ^ain a firsthand accpiain 
tanci* with scii'iititii* work and workers in India, 
I'Ut also make it ])ossiblc for them to jmlue how 
lapid has been the projuress of scientific studies 
■md n'seareh in Ibis country during the past ‘io 
.'ears. May we also <*x]in*ss a ho])e that tin* visit 
"f these wellknown scientists will stimulate the 
prooress of scientific n*seareh in the country. 

The be^innin^ of the Indian Scieiu'c (‘onere.ss. 

it was called till liUb, was very modest indeed, 
'b’of. P. S. McMohan and Prof. J. L. Simonsen. 


who had been appointed in I'.llt) to the newly 
<*realed chairs of elu'inist ry in t he t 'anniii'i- ( ’olU‘ji‘e. 
liiieknow, and Pri'sidency t'ollene, Ma«li*as, re 
spcctively. felt in vit*w ol’ tin* “ ureat lack of 

scieiititii* inlerc'ourse in Imlia that scientific 
rc.scarch in the country “ miuht be stimulated if 
an annual me(‘tin,i» of the woj’kers somewhat on 
the lines of the Pritisli Assoi-iation I'oubl be 
arran^ied.” They were id' the opinion that by 

>uch a mei-litii' "not nnl^ would the ditecl t^craonal 
ionlacl and imocuilion of aLlucd )vorl(eis he of ^reat value, 
hut ul\o that the ^eneud l.)ublic would he hrou^ht lo 
leulize the inipoiluncc and Viduc of scientific lescarch.'* 
In the antniiin of 11)11 liny. llu‘refore, ai‘raim(‘d 
to ha\(‘ an informal plebiscite by issuinm a cir- 
eulai* letter with a view to oblaininjj the views of 
other scii'ntifie workers in the <*ountr.y. in which 
llicN staleil that tin* objects of the proposi'd 

a.ssoeialion would be similar to those of the 

P»ritish .\sso<*ia t ion for the Ad\an<*enient of 
Sei(‘iici-, viz., “ to i'ive a sii'oimer impulse ami a 
more syslematie direction to s<*ientitic empiiry. to 
promote t lu* interi-ourse of societ ies and individuals 
interested in science in iliffereiit jiarts of the 
country, to obtain a more ueiieral attention to the 
objects of pure and applied scienee, and the re 
moval of aiiN disadvantaj^es of a jmblie kind 
which may impede its |>ro' 4 )*ess.” With this t*nd 
in view the authors id' the scheme proposed “to 
establish an association which shall hobl at) 
atinual medinLi- I sectional or othei’wiset in tin- 
more popidous Imliaii towns w hei*e papers mii>ht 
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be rend and discussed, tlio proceed injis to be 
published in the ruriii nt* nii aununl report. 
Realizing' the ini porta uce of the co-opera lion of 
Indians for the success of tlie sclieuie they cordial- 
ly invited “ the pnr1ici]»a1ion of Indian scientists, 
convinced in the liclief that in such measure as 
it is accordiMl tlie ohjecis of the .soi'icty shall 
more nearly apiiroach rnifilment ami its usefulness 
and permanence be assureil.” En [jassant it may 
be remarked that these words while reflectinji: the 
views of llie Knropi'an workers in 1!)H) have 
prov(‘d almost prophetic, for the piM’ipatctic annual 
Sciene(‘ (*on«rcss has ileveloped to its present 
proml position, not so much as a result of the 
eft'orts of its sponsors and the European scientists 
in India, but as a. I'csult of the unselfish labours 
and the hearty and sincere co-o|H‘ration of almost 
all Indian scientists ever since the scheme was 
laundu'd. 

The replies received to the appeal referred to 
a hove made it ch'ar that while the «'eii(‘ral consensus 
of ()])inion was favourable and even entliiisiaslic 
in favour of an annual meetinj^', some were doubt- 
ful of its siic<^ess ill view of the small amount of 
ori^diial research Ixdipj;* carried out in India at 
the time, and it was further opim'd that the ^?real 
distaiK'es in the vast continent of India mifj:ht 
prove imiiracticable foi* such mcclinjis. The spon- 
sors, however, not daunted by these adverse 
opinions, soleeted in IJIIU a committ(‘e of 17 fore- 
most men of scienei* in India lo arran^’c for the 
holding of the first meetinv:. On Satunlay, 2nd 
November, 1012, a cnnfrrcMce, which was held in 
the rooms of the Asiatic Society of Ilen»:al, 
fVdciitta, with Dr. H. H. Hayden in the chair, 
resolved after careful eonsideration of various 
schemes to ask the Asiatic Soeiety to undertake 
the management of a Seiciiee (‘on.uress annually in 
(^deutta/^ As a result, a committee «)f the Society 
was ajipointed to work out a definite scheme for 
holdinj^ a Science Cou^tcss in January, 1014. 
simultaneoiisl.y with the celebration of tlie (Vn- 
tenary of tin* Indian Museum, (Ailcutta. At a 
meetini!: of the special committee held on tlie 20th 
Novemhev, 1!)K5, the committee was reconstituted 
and His Excellency Lord Carmichael, tlie then 
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Governor of Bengal^ was appointed as Patron, the 
late Sir Asutosh Mukhopadhyaya, the Vice- 
Chancellor of the Calcutta University, as the Presi- 
dent, and Mr. D. Hooper as the Secretary and 
Treasurer, of the first Indian Science Congress* to 
1)0 held on January 15, 10 and 17, 1914, in the 
rooms of the Asiatic Society of Bengal. A provi- 
sional ])rogrammc was drawn up and widely cir- 
culated all over India about the same time. The 
first Scimicc Congress was attended by lOfi 
memlx-rs from various jiarts of the Indian Empire, 
but this number was a])pareiitly materially increas- 
ed by the large number of dedegates who attenderl 
llic Centenary of the Indian Afiiseum. The first 
session of the. Congress consisted of the sections of 
Chemistry, Physics, Zofilogy, Ccology, Botany and 
Ethnography, in which in all Jof papers were 
read. The rc|>ort of the first Science Congress, 
published as a jiart of the Proceedings of tin* Asiatic 
Society of Bengal, consists of about six pages of 
printed maltm* including the Presidential Address 
of Sir Asutosh Mukho])adhyaya and a list of 
papers read in the various sections. 

After this session of the (k)ngrcss at Calcn1t;i 
at a meeting, appanmtiy of its Committee, held 
on January 29, 1911, the following two re.solii 
tions wi*re passed : — 

1. 'fhat llu‘ A'iialio Society l)C rcr^nesU'd to puhlish fni 
the present an acc' nnt of the proceedings of the Coni»icss 
and of such of the papers read as ♦sii;.;ht he aj^reed upon ]" 
the C’ongrcss t'otnniiltee ami the Sccrclarics of the Socicly. 

2. Tliat the invitnlhui L(> have tliat next ineetiuL; oi 
Conoress at Madras be accepted, the date and all 
flctails to he settled by the Madras Committee in consult 
ation with the Calcnttn Committee and the Comniiltcc if) ht- 
formed in otlier centres. 

* Here it would be pertinent to mention that the ii.iu' 
Ind’an Science Corptjress was adojdcjl in view of there heiii” 
already ill exi.=tenre in Calcutta an Indian Associat’oii for 
the Cultivation of Science with objects entirelv dureittit 
from those of the proposed Indian Assoeialion P)r tlu 
.Advancement of Science. 

t Theic seems to be :i mistake about the exact nund>- i 
of papers comuiunicated to lh<* first se.ssion. The min i i 
jjiven is baseil on the titles published in llic Proceed i n ;i.‘> 
f>f the session, blit Dr J. T,. Simoiisen in his president’’’- 
addre.‘;s to the fifteenth session of the Congre.ss gave .>1 - 

the number of papers read, while 32 are mentioned in t’ 
programme of the meeting, 

30 ? 
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From the above it is elear tliat at this stage no 
(lefinite relationship liad been ileeided upon 
between tlie Asiatic Society of ih'ngal ancl tlic 
Indian Science Congress beyond the tact tliai the 
lirst session of Ihe Congress was held under Hie 
Society’s aegis in the Society’s rooms and that 
the proceedings of the (.'ongress and sneli of the 
jiapers read at its eaeli session as were agreed 
upon by tlie Congress (Vimmittee and llie Seere- 
laries of the Society were pi-inted by tlie Society 
in its publications. On the tinaneial side, the 
halance Ks. 1370 out of the total amount of Its. SS:l 
raised mainly as siibseriplions from niemhers, 
after l)aying the expenses in eonncetioii with the 
Calcutta session, was remitted to the Honorary 
Secretary of the second session at Madras. Xn 
definite rules and I'egulations exisl(‘d for the eon- 
duet of the ('ongress. 1'here was no ofliee or 
permanent seeretarial body to carry on the work 
of tlie (hmgress when not in session or to eiisurt* 
its continuity. The (\)iimiittcc in its meeting at 
Calcutta on the 2nd No vein bm* I!) 1 2 had ])asscd a 
lesoliitioii asking the Asiatic Society of Jlongal in 
iiri’angc for an annual meeting at Calcutta, and 
the Society did arrange the first session, but an 
.-iiiiiual nuieting at (.'aleulta could not naturally 
have the sn])i)ort of other provinces, and, there- 
fore, the original idea of the sponsors of ilic 
scheme to hold meetings at diri'ereut places gained 
uroiind. The relationship of the Congress with 
I he .Asiatic Society, though not delinilely express- 
ed, was extremely close. It was, fur example, 
c\i)ressed in the report of the Proceedings of the 
second Science Congress held at AIa<lras in 1917), 
wliich, though printed at Aladras, had the follow 
ing legend: — 

“ Asiatic Society of Bengal 
The Second 

Indian Science Congress 
Madras 
1915 ” 

Tliese proceedings were later reprinted with slight 
‘Iterations in the Proceedings of the Asiatic Society 
•'f Bengal for the year 1915. From the beginning 
' close relation had. beep .establlslied with 


the Society, and this became still more intimate 
since 1917 with the inclusion of its Secretary and 
Uony. Treasurer as ex-officio members of the 
Kx<‘cutive Committee of the Congress. that 

daf(; the Society has acted as the Treasurer of the 
Congress, arranged for its piddiealioiis and carried 
out most of s(‘crctai*ial Wi)rk and ensured eon- 
linuity when the Congress is not in session. In 
his Presidt’iil iai Address to tin* lil’tc'cntli session 
“f tin* Indian Seieiu'e (‘oiigress, Dr. *1. L. 
Sinionsc n remarked, “ So fai- as I can see, the 
Society has nut had any direct lauielil from the 
connection, whilst to us it has been of inealenl- 
able value.” This eo-operalion, which is clearly 
didimal in Ihe Knles aiiopled in IDoo, lias eontiinnnl 
and w'v are definitely of Hie opiniiui that it has 
resulletl in unHdd beiielil to th(‘ (*ause of the 
Scicnc(‘ Congrt‘ss, and let us hope that tin* Koyal 
Asiatic Soeiidy of Btuigal, as it is now called, and 
the Indian Scieina* Ctuigress will continue to be 
assiX'iated in carrying on tln^ g(K)d work in llio 
cause of Hie progress of Science in tlic country. 

The luemhershij) of Hie second session of the 
Imlian Seiimcc Ctingress increased to aixml 150 
and in addition to Hie li six/lions of Hio first Con- 
gj’ess a section of Agriculture and Appliixl S<'iencc 
was also started. Some tiO papm-s wmu* communi* 
cate<.l to Hie different seeti»)ns of this session. 

Il was decided 1o hold th(‘. thiial session of the 
('ongress at Allahabad in January 191(1, but later 
the venu(‘ was cliangcxl to Lucknow wliieh had 
ineaiiwliilc assumed sjiccial iinixndance as tlic 
capital of the Cniled Provinces. AVe will not 
coiisidiu* in detail the later .sessions here, but it will 
In* useful for a complelt* surve^y to numtion only 
tlio ])lac(‘S wherci the various sessions of the (km- 
gre.ss have been held since this (lalt‘. The first 
circuit was completed liy Hu‘ •Ith-7th sessions Ixung 
held from 1917-20 at liangalorc, Tiahorc, Bombay, 
and Nagpur. Tlie se.ssions of Hie second circuit 
from 1921-27 were liel<l at ('aleulla, Aladras, 
Lucknow, Ikingalorc, I’cnarcs, Piombay and 
Lahore. Tlic third circuit sessions from 1928-34 
were held at Calcutta, Madras, Allahabad, Nag- 
l)ur, Bangalore, Patna and Bombay, while Hie first 
three sessions of Hie fourth circuit were held at 
Calcutta, Indore and llyderaliad fi'oni 1935-37, and 
the present Silver Jubilee session, the 4tb 
session of tlie fourth circuit, is licing held again in 


308 


Vot. in. ; No. : 6* 
DEcilVfBBir t93t 



INDIAN SCIENCE CONGRESS ASSOCIATION 
1914-38 


Calcfutta whi'i't* the (.’onjiross had its birtli, and 
which rifihtly holds the |)ioiu‘(*r place in India not 
only because of its importance in connnerce, trade, 
education, politics, etc., but also as the centre ot* 
scientific activity throimlmnl tlic <.*oimtrv. 

As Sir Alfrcil (fibbs Ihninie, Ih’esidenl of the 
fourth Session of the Indian Science ronjiress at 
lianyalore, i-emarked in his presidential address, 
the Con^^ress had inana.i'iMl fairly well iij) to that 
time without any ndi's, but one of the matters to 
be consi<lered at that si‘ssion of the (\)ni»Tess was 
the pro\ision of ,sonie simple constitution, aiul 
appar<Mitl,y this was dom* at a General ineetinji 
before tin- close of the session wlum the future 
oj the Indian Sci(*nce ('oniircss was discussed. 
.XccoivTuio to these simple rules, the admiuistrati(»n 
«>f the ('on«*ress was to be carried dw by an Kxc- 
cutive (\mmiiltee which was. however, to submit 
such cpiestions as they nii^ht consider d(‘sirablc 
l<» the (leneral (’otnmillei* at its annual meetitifi. 
The latter was to (MUisist of “ all members who 
have attended three nu'(*tin<;s tincludiiiji that 
actually takiiij-- place at any 1inu‘) ami three 
membei’s who have held oni(*(‘ in the ( 'on,i»re.ss. ” 
The lilxecutive (’oiiimittee, wliich was to advise on 
matters of general .sciimtific im[)i»r1ance ami policy, 
w’as established by a resolution of the (leneral 
(Jomniittce in 1922 and fir.st constituted in I92d. 
In addition there w'as to be a Council consi.stin^ 
of the memb(*rs of tlie Mxecutive Committee, the 
past l^Tsidents of the (\uijire.ss, resident in India, 
and 5 other membei's appoiTited by the tJimeral 
Committee. The Sectional Committees w’ere insli 
luted in 1917; these referee all papers to be n'ad 
b(‘tore fln‘i]‘ i*espce1i\e Se«*tionsand in jLfeneral are 
responsible for the work of the Sections. The 
orij'inal rules were added to or amended at the 
Kloventh session at Pian»alore in 1924 and the 
Twelfth .se.ssion at l>(‘nares in 1927). In 1921 a 
more detailed set of rules w(‘re adopted after con- 
siflerable discussit)n, ami finally the new set i»f 
rules wdiich are now' in force, and by which tlie 
Indian Science (’on^re.ss Association was estab 
li.shed were adopted .at the Calcutta meetitij; on 
5th of fjanuary 1935. The new rules are the result 
of the experience of working of the ludiuu Science 


Congress for almost 20 years and are fairly com- 
prehensive for dealing with the work of the, 

( ‘on gross. 

Dr 1). Hooper was the (leneral Secretary for 
the lirst .se.ssion of the (.\)ngress at (5deutta in 
1914. Crom 1915 to 1921, viz., the 2nd to the 
Stli se.ssion.s, tin? work of the (leneral Secretaries 
was carried on by the sponsors of the original 
scheme, Crof. J. L. Simonsen and Prof. P. S. 
McMohan. Since that dale several distinguislied 
scientists, sneh as Sir Venkata Hainan, Prof. S. P. 
Agliarkac, Dr H. (1. Norris, served as the (leneral 
S(*eretaries of the Science Congress for varyiiiii 
[leriods. The [ii'esent (leneral Secretaries. Mr. 
W. 1). West and Prof. .1. .\. Alnkherjee, have 
carrieil out the traditions of the Congress to the 
hllle.sl (‘xlent, atui the success of the Jubilee 
Session would be due mainly to their indefatiu- 
able efforts. .\ reference may also In* made hci*c 
t<» the great servii't* rendered to the cause of the 
Congress by Mr. Jolian van Manen, the (leneral 
Secretary of tlie Royal Asiatic Society of Hetigal, 
in the earlim* yi'ai's as an ex-^officio memln*r of 
the Kxei'Utive (’ommittee and, during the last few 
years, in addition as its Managing Seerelary. 

Having (b‘al1 with the history of the Imriaii 
Science (’ongress we wdll now' survey briefly tlif 
achievements of the Indian Science Congress in tin- 
cause of Science in India <lnring the last 25 years 
Prof. Simons(*n and Prof. MeMohan in sponsoring 
the id(‘a of starting an institution like Hie Indian 
Science (’ongress wuM*e greatly influenced by tlir 
tact that, with the e.xeeplion of the Asiatic Soeiel\ 
of Hengal (now the Royal Asiatic Society of 
P»engal). there w-ere at the time practically m* 
M'ientific soeii*ties in India Avliieh afforded o|>por 
1 unities for scienfific discussions either of llo* 
problems under investigation by various scludais 
or for ex(*liangi‘ of ideas on subjects wdiieh were 
engaging their alteutiou. In the earlier years un- 
doubtedly the Indian Science (V)ngress performe«l 
;i very admirable function by providing a roriim 
for the reading and discussion of papers in varioih 
seel ions. In llie first session of the Congress .it 
Calcutta there were 6 .sections and, as noted aliuvr. 
35 papers were retid and discussed in the diffm'etii 
sections. In the 23rd session the number of scr 
tions had increased to 10 and 570 papers werr 
communicated to the different sections, while i" 
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the liJst or tlie 241 h session held in Jnnuary 1947 
at !ly(.lora))ad 72!) ])a])ers were listed in Hie P/o- 
ccedings i'or tlie different seetions in addition to ti 
»eneral diseussions whieli were also arranj^eil 
either hy the different seed ions thenis(4ves or in the 
combined meetings of the various seetions. This 
slate of affairs, thouj^h showin*; very clearly the 
}*:reat advances that have been made in the field 
of original scientific research in various branches 
of science in the country, does not refleet the 
exact piHigress made in the various fiebis. Further, 
such a large number of papers, as for example. 
221 which were contributed to the chemistry sec- 
tion of the 24th session of the Congress, could 
not possibly be read or profitably discussed in a 
session which <loes not last for moi'c than 4 actual 
working days. Under the circumstances, most 
(d‘ tlie papers cannot fxissibly be read, much less 
<liscussed, in the sectional meetings. We may 
com|>are this condition with tin* meetings of the 
British Association for the Advancement of 
Science, in the Be])ort of the J()4th Meeting 
held at Aberdeen in l!)o4, the number of papers, 
iiielmling <liscussions, in the (4iemistry Section is 
only 21. When oiu* considers the very great 
advances that have been made in the various 
sciences in Kngland, one sees how the authorities 
re.sponsible for coiulucting the proceedings of the 
British Association for the Advancement of Science 
have, with a view to getting Hie full value from 
discussions and interchange of thought as a result 
of such detailed discussions, found it necessary 
lo reduce to the barest minimum the numbers of 
liapers to be read in the various seetions of any 
session of the lb‘itish A.s.sociation, Some very dras- 
tic treatment is now necessary if the Indian Science 
Uongress also is to perform its real funetion of 
promoting seieiilifie diseussions rather than read- 
ing papers. This was well suiuiiuhI up by Prof. 
Simonsen in his presidential address at Ualeutta 
" hen lie remarked : 

"Without ile.siring to miniini/.e the importance of the 
reading of papers and the discussions arising therefrom to 
Hie the great value of our meetings has seemed to lie in the 
personal contact outside the lecture room. To our younger 


memhers it cannot but be an inspiration to meet and talk 
to the leaders of scientific tlu»nght in India. Thi.*^ aspect is. 
in my opinion, all too frequently lost sight of and I wish 
to take this o])portnnity of em]>hasi/iiig it." 

Wc arc strongly of th(‘ opinion tliat now when 
lln‘rc arc a large mimiM'r of sjiccialist societies sucli 
ns the Indian Uhcmical Society, the Indian Botani- 
e;d Society, tin* liidinn Physical Society, etc., and 
general .seitmtifie societies like the Koval Asiatic 
Society of P»engal, the National Institute of Scien- 
ces, the National Aca<lcmy of Sciences, the Indian 
Academy of S<Mences, etc., scattered all over the 
conntry for the reading and disenssion of th(‘ res- 
nlts of re.searehes in various seieiiees, the forum 
of the Indiati Science Uongress should be reserved 
more for di.seiission on subjeets of grealer and 
wider in1er(‘st Ilian that underlying Hie research 
jirohlcms which are being investigated by sehoiars 
all over the eonntry. Not that we want in any 
way to minimi/e the valiu‘ of such work, but we 
f“el that it will giv(‘ a greater impetus to seientifie 
research of a high order if Hu‘ meetings of the 
Seienee (^ingress could he devoted to .such a func- 
tion rather than to the reading of papers, many of 
which nnfortiinalcly arc never printed. Looking 
through the reports of the P»ritish Association for 
the Advam‘cmcn1 of Science wc find that only a 
very small i>art, certainly not more than about 
one-fourth of the total report, is devoti'd to secti- 
onal Iransaclions whicli corrt'spond to Hu* abstracts 
of pajicrs read at the various sections of the Indian 
Science (V)ngres.s; in the Proceedings of the latter 
they occupy certainly more than about 80-90% of 
the total volume. Tlie remedy for such a state 
of affairs lies not willi the Fixccutivo Committee, 
the J^resideiit of the Uongress, and Hie Presidents 
of the various sections, but with all those who 
consider the Indian Science (.’ongress as an insti- 
tution of vital importance l\»r the progress of 
Science in India. We, therefore, strongly eoiiimend 
this for the consideration of the scientists all over 
tin* eouiilry and suggest that a general discussion 
of these problems slmuld take place at Hie ensuing 
Jubilee Meeting and ways and means be devised 
for making it into a really useful institution rather 
than its usurping the functions of scientific 
societies, of whicli fortunately there are now a 
fair number represented all over the country. 
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Minor Planets 


f HE ]>uoi)U* hrlifViMl in the icloa that 

was stuiirlhin^- inysrK*al al)out crrlaiii iniiiihers. 
Of the wlii('h mrivcd such (list iru.*t ion, 

seven is tiu* best known. It is roeorded Unit wlien 
in 11)10, (Jaliieo discovenMi the leleseope, and 
observed with il the lour satellites ol* »lu])iter, one 
ol‘ his eolleaj^ues, h’rajieeiiseo Siz/i. a Florentine 
astrononiei*, avuiKMl ajiainsl tin* diseovery as 
follows : 

“ There are seven windows in the head, two 
nostrils, two eyes, two ears, an<l a mouth; so 
in the heavens, tliere are two favourable stars, two 
iinpropitious, two luminaries, and Mereury alone 
undeeided and indilTerent. From whieh and many 
other similar phenomena of Nature, sueh as the 
seven metals, etc., whieh il were tedious to enu- 
merate, wo gather that tin* number of ]»lanets is 
necessarily seven. 

“ Moreover the satellites ar<* invisible to the 
naked eye, and therefore eaii have no inllueiiee on 
the earth, and therefore would be useless, and 
therefore do not exist. 

•* Besides, the Jews and other aiieieiit nations 
as well as modern Kuropeaiis have adopted the 
division of the week into seven days, and havi* 
named them from the seven planets; now if we 
increase the number of planets this whole system 
falls t(» the ‘»roiind,”' 

Heally .si)eakiiij»-, the number of planets known 
before J7S1. was six — Mereury, Venus, llu* Phirtb, 
Mars, Jupiter, and Saturn. Traiius was dis- 
covered by Herschel in 1781, and its discovery 
y’ave rise to a fresh chapter of acdivity in planetary 
investig’ation. 

Bode's Law 

The stimulus for this activity was provided by 
the widespread and almost universal belief that 

!. Sir Oliver I.odge, Pioneer of Scienct. 


Nature abhors complicated laws. Students of 
astrmiomy know well how Kepler was {guided in 
his e])oeh-makinj 4 ’ diseovto'ies by the belief that 
the distances of the planets follow some simple 
•geometrical law: after he ha<l f^roped to his f?reat 
discoveries, it was found that his earlier specula- 
tions about planetary distances did not af^rec with 
facts. But the heuristic value of the belief still 
remained, and the liuman mind even to this day, 
persists in the same track. Tn 1772, another 
astronomer Jk)de Ihoimht that the distances of the 
planets were a])i)roximatoly «iveu by a very simple 
law. 

This is obtained as f()lh)ws: Let us first take 
the series of numbers 

1) 1 2 4 8 U) ‘42 ()4 128 250 

ill which, it will be seen, each munber after the 
first is doubbi the pr(s*ediim’. Now multiply each 
by 4, .so that we get 

0 4 (i 12 24 48 !)() 192 484 7fi8 

Add 4 to each of these, giving 
4 7 10 It; 28 52 100 190 488 772 

These numbers are approximately proportional to 
the actual distances of the planets from the sun, 
whieh arc flaking tlio EArtlFs distance to be lO'i : 



.Ttt 7‘2 10 15*2 - 52 95*4 191*0 300*7 400 

At the time Bode eiiunciated the law, Uranus 
and Nei)tune were not known. After the dis- 
euvery by Sir William Herschel of Uranus in 1781 
it was found that its distance from the sun was 
close to the value predicted by Bode^s Law, ami 
this confirmed the belief that there might be soim* 
truth underlying the Law. 

There is a gap, it will be seen, in the Law. 
between Mars and Jupiter at the place marked 28 
at whieh number no planet exists. It was noteii 
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by Kepler, and a medieval astronomer Tithis 
predieted the existence of a planet between Mars 
and Jupiter. After the discovery of Uranus Hie 
idea became stroii^^er that originally a planet pro- 
bably existed in this position (28), which was 
broken up by some unknowTi catastrophe into a 
number of smaller planets, each beinj? very small 
and invisible to the naked eye. 

Discovery of Ceres 

This speculation set a ii umber of astronomers 
to the excitin}? Rame of huntinf? for new planets. 
A soci(‘ly (•ompose<l of 24 asti'onomers was formed 
with Harori von Zach at Iheir head, t(» look for the 
TTiissiiifi’ planels. The fii-st success was achieved 
by the Italian asironomei*, I’iazzi, who on the New 
Vear*s day of the year ISOI found a slar of the 
7th maj^nitude thi‘ouj»h his telesc()p(‘ at a place 
where prc'viously he had not observe<l any. A 
closer exami rial ion revealed that the slar had a 
iiiolion like that of any other planet. It is well- 
known that the so called fixed stars have very 
little motion so that their relative positions in the 
sky remain almost invariable. The planets, how 
«‘ver, move in the field of the stars. So an 
examination of a, suspected new body at an 
interval of a few hours suffices to show whether it 
is a star or a planet. 

It is well known that the so-called fixt*d stars 
have very little motion so that their relative po.si 
tioiis in the sky remain almost invariable. The 
)>lanets, however, move in the field of the stars. 

Tile, new-comer was pi-oved to he actually a 
jdanet and its distance was found to be 2.8 limes 
that of the Karth fi*om llie Sun, as predicted by 
Bode. Ibit the planet was extremely small (only 
km. in dianuder, ami ])nssessin»' 1/2000t]i mass 
'»f the earth as lat(*r observations showed). In 
lionoiir of the patron deity of his native i.sland of 
'^icily, Uiazzi called it (Vres ”. It was only a 
'^cv(Mith-nuij<nitude star and invisible to the naked 
‘\ve. After the discovery of this planet it was 
believed that there were probably others still to 
be discovered. Jlut Ceres ** was lost to view 
ocf ()!•(* suffieient observations had been taken of 

position and any computation could bo made 
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of its orbit. This was a sad misfdrluhe, but'^tu-; 
ations like this sometimes call forth an unexpected - 
"eiiius. On this occasion, the' difficulty was solved 
by liie appearance of a new star in the mathe- 
matical horizon. This was Krtulcrich tlanss. then 
a yonnj*' risiim’ (Jcniian mathemati<‘ian nl 
t Jbttinjren, who was earnin;.*- liis livelihood by 
uivin^^ private le.s.sons in Mathemalies. 'flic loss 
of Ceres, called forth his mathematical reso\n*ci‘s 
and he worked out a new mathemat it'ai netlxxl 
of calculating the »rbits (d* ])lan(‘ts from Miree 
clo.se positions (piite accurately. It was a 'Most 
pow4*rfnl method and has hfxm a very hel])fnl 
«i:uidt‘ In fiiidiny: tin* orbits of otlnu* mijior ])lam‘ts. 
ftiiided by tin* (‘alciilations of tJaiiss, Olbei’s of 
llresl/ni. om* (d’ tin* 24 (Vlestlal Policemen ’’ ap 
point4*d by von Zach was ahli* to I’cdiscovcr Ceres. 

A number of other small planets cn- asteroids 
wen* discovei(‘«l in ipiick snc<‘essiofi but they all 
pi'oved to be 4‘xtrcmely small. Pallas was riis 
covered by t)Ib(*rs in 1802. Juno was found by 
flanliimc in 1807, and Olbers discovenxl Amsta 
whieb is tin* only ast<‘roid just visibb* to tin* 
naked eye. Then after a b>u”’ period in 184.'), after 
the astronomers ha»l practically ^dven u]) the hunt 
the oth asteroicl was disco v<*red hy Hencke, an 
amat(*nr. ami was called Astraea. The (lis<‘overy of 
.Vstrnea n‘vived irderest in the belief that tln*rc 
were mon* such small bodies in (‘xistenci* whieb 
coubl not lx* discovered on account of tbeir ex- 
tremely small size. In fact, tin* nn*llio<l was like 
huntiiiH: for f^rairis of yold in a sandy river-bed. 
But by ])aticut and persistent work, astronomers 
were able to discovi*r 200 small planets or asteroids 
by 1890. 

A New Method of Planetoid Hunting 

In 1891, a very powi'rfid method for fimliim' out 
the asteroids was discovere«l by .Max Wolf of 
K»)nij».stul Observatory near the famous llcitielberfi 
C^ity in tiermany. Hi* si*! up a cann*ra ('onsistinjr 
of a wide anj^le lens, mounted e<|uitorially and 
moved by elock work against a fi4*bl t)f stars; the 
camera was rotat<'d at the same rate as the celestial 
j*:lobe. Ill the tbcal plain* of tin* caiin*ra, the stars 
woubl therefore a])pear as mere dots, as they have 
no |)roper motion. But I he little pla!n*ts if any, 
in the area seUxdcd would be represented by 
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olonpfated linos. An examination of tlic plate 
\mild easily reveal whether any asteroid was 
situated in tlie field of view of the eaniera at the 
time of exposure. This new method a1 oiiee re- 
placed the older method of painfully lmnlin»: the 
whole heavens throujih a telescope in si^arcli of 
asteroids. All that is needed is to set up the 

cam<*ra to do this reconnoitrin'^ work and any 
asteroid which ei)m(‘S within the liehl of view. 
provi<lcd it is siiflici<‘ntly larye, cannot fail to 

respond to the roll-call. The powerfuliu'ss of this 
new nielinxi will he appaiamt from the tact that 
sinc-c ISPI. fi*om KKt to 200 asteroids ar<‘ hein*** 
discoxered annually, hy tfiis nn'thod. 'flu* follow 
injr is a census of tin* detections since UK.ll. 

liioi l!):!2 lo:{:i IJt.U ll):io 
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This method has tin* disadvaiita^'e that vm-y 
small planetoids fail t<» make any impression on 
tin* eaim*ra, as their li}>ht is spread out. So 
another modification of the method has heen 
worked out: in this, the <*amera is ^iven a motion 
eipial and opposite to the averajic motion of the 
asteroids. So on the plate, the aster<»ids a?‘e 
reducecl to r<'st, while the stars <ies<*rih<* small 
curves. As the li^ht of the asteroids is concentrat- 
ed at one pchnt for a lou'* time, even very small 
ones ai‘e recordetl hy this method. 

A numher of ohservat<nm*s have nunie 
planetoid huntini* their <*hi<‘f activity, e.g.. 
Observatory of Max Wolf at Koniystuhl in 
lleidelher';', Simeis in Kussia. (h'cle near l?russels 
in tlel<rium. 

How Planetoids are Christened 

I'P to this time more than 2()tK) observations 
f»f tin* asteroids have heen made, lint all of them 
are not dis(‘overies. Sonn* of them are re-dis- 
coveries of j)lanetoids already di’tected. The 
woi*k has })(‘cn systematized hy tin* International 
Astrtmomical rnion. The Uechen Institute of 
llerlin has been entrusted with the task of tind- 
in»- out whether an anm>uiiee<l <let(*ction actually 
represents a new object or is simply a re detection 
i>f one already discovered. Wlien they are con 
vinced that it i? a new discovery, a number is 
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giv^n to the new object. Up to thie tipie, About 
2000 numbers have been given. Thus Ceres is 
n), Astraen is (^) and so on. 

The namiim of the planetoids presents a great 
dithcnlty. h'ormerly they used to he named after 
the old gods and goddesses of (Jreeee and Rome 
These names were soon exhausted. Then they 
were named after distinguished astronomers, cities, 
colleges, friends and even after pet d(>gs ami oe(*an 
steamers. Rut it is better to (*al] tlumi by the 
number giv(‘n to them by the* Reelien Insliliile 
whieli ])iiblishes annual catalogues of tln*se 
planetoids and tries to <*olle(*t at om* place* all tli(*ir 
cbaractcristie's, namely mass, distance*, eu'bit and 
r4*nccting power. 

A stmly e>f these* asleToiels has sheuvn e*ertairi 
very remarkahle faels. TlH*ir me*an <listanee* is 
foniiel to be 2.S as pre*dieted by liode. Ihil indivi 
dual asteroids liav<* bet‘n found, which art* much 
farther and othe*rs whie*h are* very m‘ar, (1144) 
Ilielalgo disej>ve‘re*el by Ibuub* in 1 1121) has b(*eu 
found to have a me*an distaiie'i* e)r o.T and a pe'riod 
of 1‘>.7 yt*ars. Its orbit is inclined at 40 de*gre(*s 
to tile eeli])tie, and lias an e*e(*e'iitrieity eepial to 
When it is neare.‘st to the* sun. the* distam*e is 
ne*arly two units, and whi‘n it is farthe‘sl il passe> 
bi»y<»nd tin* oi*bit of Saturn. 

Eros 

The aste'rtuti which eauscfl the* grt*at(*st amouril 
of in1cre*st is (4215) e'cMed Kros, iliseove*re*.| in ISh-S 
hy Dr. Witt of P>erlin. Kr»)s has bt*e‘n fouml t-* 
have* the* n*markabl.y sheu‘1 pe'riod of I'j yt*ars. 
.\s a matter of fact, its orbit is for* the* most 
hotween that of the* Rartli and Mars, and at 
ne*ares1 ci])])re)aeh 1e) the* Karth, it is at a lit lb* 
more* than half the* elistanee* of \'e*iins whit-li is mir 
ne*are*st planet. This little planet whiedi is pro 
bably not nmre* than 25 miles in diamete'r the*r(' 
fore* afforels the best ojiport unity of finding '*ut 
the se*ale‘ of astronomie'al distance's. All familiar 
with astrommiy know that for e*xpre‘ssing Hu* 
distance's of planetary be>di«*s, the im'an dislaimc'' 
of the Karih to the Sun is use'd as the unit. The 
gravitational tlieories enable ns to fiml out the 
tlistanee^s of otlier be)die*s only in terms of tlii*^ 
primary .standarel. To fiml out lh(*aeUua] rlistam-i 
in centimetres we have to finel out the xuilue of' 
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this funiSamental asti’onamical unit in centimetres. 
It will suffice for this purpose, however, to know 
the actual distance of any of these heavenly 
bodies in centimetres. Prior to the discovery of 
Eros, Venus was used for this purpose on those 
rare moments when it passed across the disc oi the 
Sun (Transit of Venus). But these Iransits an* 
few and far between, Kms is imieh eloser, and 
Iransits more freriinmlly across the disc of the Sun. 
It has therefore supplanted Venus for this juir- 
pose. But even Kros will tirohably In* supplanted 
hy a new ae<iulsition made last year fl9.‘Ui). 

Adonis 

This remarkable, small piaru*! was dis<*over(‘d on 
the 12th Fel)ruary IDMb, by Mr. I)el|)orte. I )i reel or 
of the Royal Belgian Observatory at Tcc'le near 
rh’nssels. Ailonis has i)een found to move in a 
very elonjjated ellipse. Wlum nearest the Sun, it 
is well neai* the oi*bi1 of Afercury and when it is 
farthest from the Earth it is betwim Mars and 
.lupiter. In fact, it was fonml to have passed 
within 1.2 million kilometres of the Earth a U‘w 
'lays before its discovery. Its orbit is inelined at 
one dejiree to the ecliptic, .so that there is a pro 
I'abilily that in course of its motion near the earth, 
it may approach very close to the latter. As a 
iiiatt(‘r of fact, calculations have shown that in 
lO.');"). Adonis will pass very elose to the Earth. 
What will happen to the earth then! There are 
three possibilities 




Ttm Orbit of i\\v. IMnnvls 

(1) Most proliably Adonis will have such a 
'i*ge velocity that it will be only sli'.rhtly <iis- 
"ched by the attraction of the earth and will 
I' lss on its orbit. 


(2) The second probability is that it will be 
captured by the earth and will form a tiny moon, 
tiny because thnuffh colled a planetoid it is only 
a bijc mctcorile, havine* a diameter of about half 
a kilometer. 

f3) .liut tlui tliird possibility which the. asti*o- 
nomer H. N. Pussell calculates to bo one in 50,000 
is the most stns:p:orinf>‘. Tt mi»ht be that 
.\donis may have very insnffieietit vebu'ity when 
approaching: elose to the earth. It will then br 
subjected to so mueh atiraetion that like a Inme 
meteor, it will Hash across the atmosjdicre and 
strike the surface of the (‘arth with a vebu-ify of 
50 kilometres per .second. 

While one ean shudder at the conse(picnees of 
siieh a catastrophe; tlie only parallel ease* known 
is that of a jrreat meteor whieh fell in Siberia in 
1 90S. It weijilied only 100 tons, but the atmos 
pherie distiirbane(‘s ami seismic influences ])ro- 
ducc‘d by it were rccistcriMl all over the world. 
.\donis, on tin* otln*r hand, has a weight of 2 billion 
tons, sn that the eoiisecpn'Uees of a «*ollision. if it 
<*v«*r happens, can hi'tlei* he imai'ined than 
(b‘seribed. 

The Origin of llie Asteroid.s 

'rile ilisi'overy of Adonis has uivi‘n riso to fresh 
speculations about the orijilii of these iiitcrcstiny: 
bodies. Tin* orijiinal id(*a which set astronomers 
to this task was that tln*r<* was a planet between 
.\rars and Jupiter whioh was hroken n[) by .some 
imjiaet into millions of pii‘rt‘s. 'riiis id<*a lias been 
”:iven n]) for a loiiu tinu*. The presi'iit theory is 
Ih.’it snialh'i’ astei*oids form a kind of riny; nuiiid 
the Sun vi*r\ much like tin* rinus <»f Sainrn, wliieh 
hav(‘ been shown 1i» consist of small pi'bblcs <‘acb 
nioviriji' in its orbit round the parent ]>lanet. 
Tlie sizes of these pebbles vary from few eeiitimet ■ 
ers to mere <lnsl. Rroliably the inhabitants 
of Saturn, if there be any as such beiims, would 
find the Sun surrouinled hy a similar set of l•ings. 
hilt it is (louhlfnl whellier, unless they pos.s(*ss hi« 
teleseopes like iinrselves they would lie eonseioiis of 
the existeiiee of the rinys we gel a very dim view 
of this ring in the so-called /odia<*al Light, whieh is 
a familiar feature in the suh-tropieal reg:ions on 
any cb'ar moonle.ss nighi, and. no jilace is better 
suited for its observation than Upiier Egypt which 
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haft got n porfoctly i*loar ntinosplierr. ITere after 
the setting of the sun, one ean diseern within the 
heavens a luininoiis fog extending along the ee.lip- 



ti(* Mini having an intensity wliieh is eoiiiparahle 
to Hint of tile Milky Way. Jt g<*nerally extends 
up to tlO degrees to tin* Sun. SoiiK'times it extends 
through the wlioh* Inaaveiis along tlie patli of tlie 
eelipti**, and on the point opposite the Sun tlnu'e 
is a eoneenl ration of light whieh is known as the 


Cegenschein, a German word, meaning AntSight. 
The origin of this light has puzzled the astro- 
nomers for fi long lime. hVom a study of its 
spectra it has been found that the Zodiacal Light is 
simply reflected sunlight, lieeansc the spectrum 
eonsists of a eontinuous background Intersected 
by dark Fraunhofer lines. l>nt it floes not at all 
tell us whether reflection is due- to gases or P.i 
dust particles. If the cloud is gaseous, the re- 
flected light will lie pcudVctly ])olarised like the 
sky light. If it is formed by .solid dust no trace' 
of polari.salion will a]>p(‘ar. ()bs(‘i*valions show 
that the Zodiacal ijight is slightly ])olariserl. The 
f'onelusioii is that the ring is constituted by soknl 
particles whieli on a])])roaching the orbit of iMer 
ciiry and the Karth get partly vaporised. It is 
snnnis(‘d tlia! this ring nf l)e])hle.s, dust ami 
va]>onr constitutes Zodiacal Light whifdi extends 
as far liaek as tln^ orbits of Mars and Jupiter and 
what w(‘ call the asteroifls are fnily the, largi-r 
numbers of these ring.s. .\s a matter of fact, a 
ruiirdier of small planetoids, similar fo .Adonis, 
fliou,gh not so s1i*iking, have alreatly Insm found 
One such planctoifl was discov«n*c«l by Ibdnmnlli 
in 19J2, and is now call(*d Apollo. This is ahoiil 
IT) km. in diameter, lias a. period f>f .1*8 years, ami 
the greatest distaiiee is 2*82. hut whih‘ at peri 
lielion, its orl>it is 12 millifni kelometers inside tin 
(»rl)it of Venus. 


There are Vacuums, and Vacuums 


Heyoiul the extremes t)f the earth’s atmosphere 
is an almf)st perfect vaeiinm. In between file 
stars, which occupy (Uily about one billioii-billion- 
hillionlb part of space, we find a few imdeor.s. 
som(‘ eosmie dust, and a small number (ff alfuns. 
The investigation ami analysis of this rarefied 
inter-steJIar gas is obviously not a simple matter, 
fmagine, if you can, a tube one foot in diameter 
and 50 million million miles in length. Such a 


to Sirius, a distance of about nine light-years. .\c 
Siriu-s, a distanee of about iiino light-years. A< 
conling to actual ineasnrenieiit, the density <il' 
interstellar gas is so low that in this entire gre;!^ 
tulie would be fouml only one-tenth of a gram <•' 
substance, just about the eipiivaleut of the air ii' 
your ink bottle (the density is about one linmlr«'l 
million times smaller than that of the best vaenm ■ 
producible on earth). — The Telescope. 
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Sir James Hopwood Jeans 

President-Elect of the Silver Jubilee Session of the Indian 
Science Congress, Calcutta-1938 

A. C, Butler jce 

ffoad of the Dep.irtment of MathematicH, Allahabad Unlvcreity, 


Silt Jamos Hoiivvood Joans who has now 
aooeptod the invitation of the Indian Soienee Con- 
uross Assooialion to preside over the joint sossi<in 
(d the linlian Seienoe Conj'Tess and the Urilisli 
Association for Ativancenient ot Scit'nco to he 
h(‘ld in January next, at Calcutta, was horn in 
1877. Tie was educated at tlie Trinity College. 
Cainl)ridj>e, liecaine second wrangler in lS9iS, and 



Sir Jfmies Hop wood Joans 


'■as awarded tlie Smith’s Prize in 11)00. Ilis 
■'‘st publication was a work of ‘^reat iniportanee 
"'1 the Dynamical theory of liases. Ilis primary 
■’"II was to develop this suliji'ct upon as exact 
" diathematical basis as possible. He has been 
successful in his atteiiipt and is now rej^ard- 
as one of the foremost authorities on tliis 
"'ibject. 
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Researches on Planetary and Stellar Figures 

Joans was awai*<lod the Isaac Newton Soholar- 
ship in the University of Uamhrid^i; ami l)<‘oamo, 
a pupil of Sir (leorj^e Darwin son of the «»roat 
naturalist, and himself a great mathematician 
wlio made an e\t<*nsive study of ti<les and of 
planetary figures. It was natural that he sliould 
become fascinated by tlie problem of st oiler evo- 
lution w'liich was engaging the attention of the 
astmnomei'S in the beginning of the tweiilieth 
century, d'lie problem at this time started W'itli 
an examination »)f the various forms of eipiili- 
hrhim assumed by a mass of revolving rn[niil and 
it beeame a burning (piestion of the day as to 
w’lietlier the pear-sliapeij foi-m is a possibb* stage 
in the development of a star on its way to separa- 
tion into a binary syNtein. In 1901 Sir l.leorge 
Darwin and the great Freneh mathematieiaii, 
Henri Poineare, wrote* two highly interesting 
papers on the pear- sliapi'd figure of eepiilihriuiii of 
rotating lifpiid masses. Put ihcy cither overlook- 
ed tlie fael that tlie actual bodies we have to deal 
with in connection wdth stellar evolution are com- 
[)ressible and most probably ga u'ous, or ehose in- 
coinpressilile licpiids as the stuff out of wliieli stars 
are made for the saki* of mathematieal simplicity. 
Hut actual physical conditions do not follow^ the 
mathematician’s convenience. Jeans’ spoioal know- 
ledge of the theory i»f gases enabled liim 
to call attention to the fact that emnpr^-ssibility 
and gaseous eharaeter of tin* bodies lead to some 
very different eonditlons wdiieli w’im’o not. at all 
considered l)y Darwin and Poineare in the more 
restricted problem in which fluid was assumed 
to be incompressible. \Vc shall discuss Jeans’ 
w'ork on rotating eompressihle tluid later on. 

Jeans’ paper cu the stability of a spherieal 
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Nebula was quite noteworthy as it was the first 
to introduce the conception of {gravitational insta- 
bility. He shewed chat nuelt?i of condensationii 
are likely to I'orin in an extended nebula, and 
these f»:row in size by allractinf^' mat ter to them- 
selves, and so the ori»»inal nebula (n-eonies separ- 
ated into distinct parts. We thus j»'et another cause 
of separation of primitive nebulae besides its possi- 
ble lission throu^di loo rajiid rotation, as was 
tii-ij^inally jiostulated by Kant and Laplace. 

As the niathematieal analysis (»l! three dinien 
sional probl(‘iii was fouinl to be. tcai diflieult, deans 
tackled at first the simpler two-dimensional pro- 
blem of a rotatinji* eylimlrical mass of liquid. 
He found that for slow rotation the cylinder was 
eii’enlar, and for more rapi<l spin it became ellip- 
tical. When the spin .still further increases, we 
•••et the two-dimensional analojiue of tin* pear 
shaped form. Later on, .leans tackled the much 
more difficult I hre(*-diincnsional problem, and in 
.1917 ln‘ reaciHMl the fruition of Ids effort.s, when he 
was awariled tin* much coveted Adam’s Prize on 
a rcmarkahic c.ssay on the “ Prohl<*m of (‘osmo 
“ony and Stellar Dynamics.” in this c.ssay, he 
discussed mathematically the ('osmoloyical pro 
blcin as to how detached bodies like the star.s, 
the |)]auets, atnl the satc'lliles liave been formed 
out of matter whieli is supposed to have filltMl 
space more (»r less continuously in the be»iinninj»’. 

Darwin believed that he had pnived the ini- 
tial stability of the pear-shai)od form of equili 
briuni. Jeans, on the other hand, demonstrated 
beyond doubt its instability and also indicated 
precise point at which Darwin was misled to form 
the wroiij< conclusion. The star cannot maintain 
the pear-shaped form for any len|*:th of time, and 
when the spin becomes loo j»rcat break-iq) will 
follow resulting' in cataclysm. Jeans studied in 
ilctail, for both the rotational and th(» tidal pro- 
blems, the dynamical emiditions which would lead 
to the break-up. lie also considered fully the 
modification caused by the compressibility t)f 
matter and d(‘nionstrated a new possibility that the 
jiiass may .spread out and separate tliroii^-h “ equa- 
torial break-up.^’ Dor sufficient spin and compres- 
sibility the ecpiator of the fija^urc becomes sharply 
protuberant and the form is like that of a lens. If 


spill still increases matter is thrown out in a conti- 
nuous stream from the equator. Nuclei of 
condensation may, later on, form in the spread- 
out stream which may ultimately break, up intu 
separate parts. 

It is highly interesting to note the different 
behaviours of incompressible liquid and highly 
compressible matter under excessive spin. The. 
former breaks up by elongating itself (fission) so 
that the licjuid becomes furrowetl and ultimately 
divides into two parts; the latter on the other 
hand nevci* reaches siilTficieul elongation hut 
throws out matter all round the equator and the 
impending catastrophe is thus delayed or avoid- 
ed. According t(» tleans, a close binary star is 
formed out of the original star by the first kind 
<»f separation (fission). J.>ut a giant .star in the 
state of a perfect gas cannot split into two conija)- 
nents this way. According to Jeans a close or a 
spectroscopic binary is in the later stages of cvolii- 
tioii where a com])arativcly high density has been 
reached, and its ])ehavi(>ur is anab^gmis to that nf 
the ineomi>ressiblc licpiid under exeessivi* si)in. 

We have .so far discussed Jeans' ideas aboui 
the mode of formation of a close double star. 

Jeans gives a different theory about the forma 
tion of wi<le (»r visual binaries. He believes tinii 
they were born together as separate condensations 
in some parent nebula. From the study of equili 
brium of bodies consisting of compressible gase.> 
Jeans was led to suggest that equatorial rupture 
is maijily responsible for the formation of spir.-.i 
nebulae. If there be no disturbing force niatti‘i 
would be emitted symmetrically round ihr 
equator. Hut even a small disturbance, say. Hi* 
tide-raising force of a distant mass would m o 
the symmetry and two arms of matter on opp** 
site sides, would stream out and these arms wouM 
get curved due to rotation like a gigantic Cal her 
ine wheel. Jeans has shown mathematically thal 
these jets are unstable and ultimately eondeiisa 
tions which are the nuclei of the stars would bi 
forme*! along the arms. The geometry of Ih' 
spiral arms raises great difficulties. The am; > 
of about ninety per cent of the spiral nebulae ha> * 
the characteristic shape of an equiangular spii -i' 
There does not appear to be any along the ami> 
as the length of the arms remain permanent i 
equal to two convolutions. Again secondai.* 
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nebulae are observed at the ends of the arms of a 
number of spiral nebulae. It is almost impossible 
to explain the geometrical shape' of the spiral 
nebulae by assuming that it is due to pure rotji* 
tion caused by known forces. Jeans admits this 
difficulty and says “ Each failure to explain the 
spiral arms makes it more and more difficnilt to 
resist a suspicion that the spiral nebulae are the 
seats of the types ot torces entirely unknown to 
us — forces which may possibly express novel un- 
expected metric propertiiss of space.” It may be 
said in passing that probably at the time when 
Ihese investigations were being carried out, the 
astronomers had no adequate itlca of the relative 
sizes of extra galactic neliulae, compared to that 
of a ])lanetary nebula, or of an ordinary .star. It 
is (»nly after 1920 that tiie researches of Shapely, 
(‘nrtiss, Lundmark, Hubble, and (Uhers have re- 
vealed that the extragalactic or spiral nebulae are 
huge agglomei'ations of stars, consisting of billi- 
ons of usual stars, like our Milky Way 

(which is itself a nebula j. While the older investi- 
gations (ineliiding those of Jeans) may hold for 
individual stars (inelmling Planetary Nebula 
which is only a particular kind of star), the pro- 
Ijlem of spiral nebulae has to be attacked from 
liw entirely new setting. 

There is no doubt that rotation plays an 
important part in the evolution of a star system, 
hut a very relevant (jucstion may be asked, vvliicli 
has not yet been .satisfactorily answered. What 
is the source of this high speed of rotation? Jeans 
Ijas tried to explain this by assuming that initially 
some disturbance started somcliow and it pro- 
duced condensations. As masses contracted 
round the nuclei of condensations, drifts were 
produced, and eccentric drifts gave momentum to 
these nuclei which thus formed into rotating 
iiebulac. If the original currents were less than 
a kilometer per second’ Jeans has calculated that 
the angular momentum which w'ould be generat- 
’d is sufficient to produce that rotation which 
we observe in ” Andromeda Nebula.” However 
this explanation is not quite sntisfaetory. 

Origin of the Solar System 

Out readers must be familiar with the story 

Nebular Hypothesis of Kant and Lapiaw. 


Generations of astronomers have tried to find out 
mathematical support for the hypothesis and 
Jeans’ effiorts were, as the. readers can see, direct- 
ed along the same channel. As to the Solar. 
System, Jean’s mathematical work had led him 
to conclude ” It is quite probable, though by no 
means certain, that we must abandon the nebular 
hypothesis.” Perhaps Jeans was wis(‘ in nut hav- 
ing spoken more dogmalieally. 

About the origin of the solar sy.stem, Jeans 
believed that about 2300 million years ago, a 
larger star i)assed within a distanec of about the 
sun’s diameter from the siirfaee. A system of 
matter ejected out and it being unstable condensed 
int<» detached nuclei which ultimately formed 
planets. The passing star comnnmieated orbital 
velocities to the planets and they began to des- 
cribe elliptical orbits round the sun, passing fair- 
ly near to the sun’s surface at their closest 
approach. The chain of the jet wtmld be of 
eigar-shaped form, ami the end of the chain wouUl 
get colder than centre thrv)Ugh greater radiation. 
So the more massive ga, seems planets would be 
at the eentre of the chain and the more liejuiel 
planets which are lighter w’onld be at the end of 
the chain. As the planets passed relatively near 
the sun, the .same liile-raising process resulted in 
the formation of satellites out of planets. 

An objection may now be raised agaiiKst this 
tidal-actioii theory of Chamberlain as modified 
by Jeans; as .statistically it is highly improbable 
that two stars would come so near as to raise 
tides in each other. The chances of such u 
cataclysm is extremely small and if tidal action 
be responsible for birth of our planets, then oux’ 
planetary system will be a freak of Nature and 
perhaps amongst billions of stars, two or three 
may he endowed with planetary systems. Are 
planetary systems so rare in the universe’ This 
conclusion is not satisfactoiy and does not appear 
to be logically sound. It is perhaps true that the 
planetary evolution is not the natural process 
as.soeiated with a star. Binary stars are scattered 
abundantly in space, and we can say that some- 
thing like half the stars are binary suns, and it is 
unlikely they have got any planetary systems. 
Such a system would produce great complications 
in the relative orbits of the components of a binary 
star. The remaining half of the number of stars 
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might well have been provided with planets, but 
prodigal Nature is nut so just and considerate in 
lier dealings. She has probably emlowed very 
t’ow stars with planetary systems. However our 
solar system is the only specimen oJ‘ its kind 
known to us at [u-esent, but this does not mean 
that our system is ur)i<iue in the universe. 

Researches on Radiative Equilibrium 

Jeafis also has made numerous (‘ontributions 
to astrophysics. His researches on the radiative 
equilibrum t»r stars led to vigorous controversy 
between him and Fablingtini. Fablington derived 
an equation whicli he believed to be true tor all 
stellar mattei* including tin* case in which tlie stel- 
lar matter is continually gcnci'ating energy. Jeans 
disput(‘d Fddington’s formula and maintained 
that it is only accurate in stellar matter in which 
there is no internal generation of em'rgy, and when 
th(‘r(‘ is internal generation of energy the formula 
should be suitably modified. 

Jeans has given an interesting theory to ex- 
l»lain the pericalic variation in the intensity of 
light emittisl ])y that group of stars km)wn as 
Cepheid variables. Jeans ha<l shown before that 
‘‘ fission of a rotating star commences through 
pseudo-ellipsoidal configtiration and tliat it can 
only begin in stars whose central cores are in 
lijpiid or semili(piid forms.” 'riie pseudo 
ellipsoidal form which the star assumes when tlie 
process of fi.ssion l)egins is unstable. As a re.sult 
of secular instability the core of the star will 
now undergo oscillations whicli produce periodic 
variation in the intensity of light emitted by tlie 
star. According to Jeans, Cepheid variables are 
those stars which arc undergoing at present the 
process of fission. Finally when the star breaks 
up into two it will form a binary pair. It may 
be j)oint(‘d out here that in .1919 Eildington put 
forward the theory that (Vplieid variables are 
pulsating spheres, but Jeans proved lieyond <loubt 
that the pulsation thetny was untenable, and the 
validity of Jeans^ argument was later on conceded 
by Eddington. 

Jeans was one of the first to talk of annihila- 
tion of matter by tlie impact of postive and ne- 
gative charges, and conversion of matter which 


disappears thereby to radiation. He talked also 
of the reconversion of the radiation to matter, 
as otherwise the cosmos w^ould suffer a * Heat- 
death (Wariiic-Tud). Hut physics has very often 
showed a disinclination to obey the riiathemati- 
eiaiis' predielions, and the annihilation of matter 
and reconversion »)£ radiation to mattiT (produe- 
tion of pairs), though subsequently actually dis- 
covered in the laboratory, are widely different 
from what the astrophysicists predicted. 

Stellar Dynamics 

Jeans has also made valuable contributions to 
stellar dynamics. Stellar dynamies deals with 
the individual motion of the stars as modified iiy 
the attractive forces of other stars or rather by 
the resullant altractioji of the steilar system as a 
whole. (.)ne of the most important points to con- 
sider is whether under lliese forces the sysleui 
would be ill steady state, i.e., whether the density 
of stars and their orbital velocities would remain 
eonslant at each spol. A steady state is a perimi 
iient stale. Jeans do(‘s not affirm that (Uir aetual 
universe is a permanent system, but he thought 
that it would prove simpler if steady systems 
were treated liefore collapsing systems. 

Before attacking this problem in stellar dyna- 
mics, Jeans first showed mathematically that if 
a dynamic system is in a steady state, tin* 
frequeney-f unci ion must; be a funetion of the 
tir.st integrals of motion. If we imagine tluU 
in the vast expanse of space, individual stars 
are situated at so many points, then tlie freipieney- 
funetJon gives the number of stars at each point 
(X, Y, ZJ moving with velocity (U, V, IV J for 
all vahie*^ of X, Y, Z, U, V, W, In general we 
come across only one first integral of motion, I.e., 
the sum of kimdic and potential energies. Jeans 
further showed that for a steady stale, tln^ possi 
hie range of frequency functions is extremely 
limited, and these functions must depend only on 
the first integral of motion. Hut if the system has 
some symmetry we get ad<litional integrals whieh 
olTer greater ixissibilities. Jeans studied lln.^e 
I t.ssil )i 1 i I ies exh ausli vely . 

Jeans made some striking deductions from hi^ 
theorem which gives the conditions fur a steady 
state. If the stars arc distributed in such a wa} 
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as to have no axis of symmetry, there cannot be 
any preferential direction of motion and the 
velocities of the stars will be so distributed as to 
have complete spherical symmetry; on the other 
hand, if the stars are so distribulcd as to have an 
axis of symmetry the velocities of stars will be so 
distributed as to have an axis of symmetry in 
the transverse direction. Tf the stellar system is 
symmetri<‘al about tbo axis perpendienlar to the 
ffalactie ])lane, there would be star streamiii”: in 
the (.mlaetic plane in transverse direction and not 
in the radial direction. Tt is rather curious that 
we have the complimentary law: — the more sym- 
metry there is of mass distribution, the less is 
needed of velocity distribution and vice-versa. 
It is still an unsettled (jue.stion as to whether the 
star streaming' is radial or transvcT-se in cliaracter. 
Some think that the star .streaminjr is in line to- 
wards and away from the «nlaclie system while 
others maintain that it is transverse r.e.. in the 
direction of a circular motion about the centre, 
hlddinj-tori thinks that transverse star streamin^^ 
is not ])ossible and concludes from Jeans’ result 
that our jxalactic system is not at all in a steady 
slate.* 

Jeans lias also calculated the average deviation 
in a, star’s motion which would be produced by 
the chance approaches of other bodies. Tie has 
thus been able to explain the tlattened shape of 
some of the moving clusters of the type, Ursa 
.Major Cluster. ITe has .shown that this flatteniiijr 
is due to gradual scattering by chance encounters. 

Jeans’ Contribution to Physics 

Though Jean.s has been primarily an astrono- 
mer be has oecasionally strayed into physios, and 
with admirable results. In the dynamical theory 
'>!’ gases, hi.s contributions placed tbe Maxwell- 


^ The*, whole outlook in galactic dynamics has since been 
< lianjycU fine to the discovery by Ijndblnd and Oorl, that 
■'»ir galaxy is rotatin;^ about a point in Sagittarius clouds, 
''ith a period of revolution of 10* years. 


Boltzmann Law of distribution of velocities on 
a rigid mathematical basis. He took part in the 
discussion which was raging in the early part of 
the present century on the form of the blaek body 
4'mission enrve. Ife showed with <*onsi<h‘rjible 
mathematical iiigcniiity lliat classjca!. e.b‘.cU’o- 
dynamics can leatl to no other law than the one 
previously given by Lonl llayleigh,- which 
has therefore aetiuircd the appellation of 
llayleigh-Jcans Law. It l)e(‘aiiie known that this 
hohls only for long wave.s, and for short wavi'S. 
the measurements of UasclKUi showi'd that the 
law completely failed. It was at this stage that 
TManek appeared on the scene (MKK)), and hy 
boldly laying aside <*lassieal cleetrjulyummics, de- 
ducted ibe true law of blaek liody emission and 
laifl the ronndati«)ns of the (plant urn theory. 

Public Career 

J(^ans was, like many olhm* llrilish scientists of 
emifumce, called to the chair of Applied Mathema- 
tics in the T’rim'eton Uuivc'rsity, where lie worked 
from 1905-1901). He was Seentary of th(‘ Hoyal 
Society for ten yiairs from 1919-1929. 

Jeans was Iba'sideni of the Royal Astnmomical 
Society from 1925-1927. Tn I9J4, owing to the 
untimely death of Presidimt. Kl(‘ct, J^ir AVilliam 
Tlanly, he was called upon to act as Pn'sident of 
the British .Association for .Advancement of 
Science. His address M)n the New World T^ic- 
tu?*e of I\rodern Physics’ was not only marked by 
his usual lucidity of ex])osition, luU piesented tlie 
bewildering advcntnims of modium physical ideas 
about tbe ultimate particles in a way which even 
the man in the street cvuild comprehend. From 
19J5, he has been the Professor of Astronomy to 
tbe Royal Institution. 

Jeans has been tbo author of an unusnally 
large nunihcr of Text Books, Popular Scienfific 
Books and S|)ccial Treatises. Many of the.se books 
have gone through numerous editions which 
tc.stify to tlicir popularity and ns(*fulness. 

AVc loiMt forward to a. suec'cssful .session of the 
Indian Soieuce Congress during its Silver Jnhile(‘ 
under the distinguished lead of Sir James Hop- 
wood Jeans. 
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Red Shift in the Solar Spectrum 

R. N. Rai 

Phygicn Dopartment, Allahabad IJniver-ity. 


A small l)Ut sy.sttMnali<* (liJT«i*piK*o hotwoen the* 
values of the waveleiij»tlis of the lines in the Fraun- 
hofer speetrum and those of the same lines ])ro(lueef] 
in the laboratory has been <)bserv«‘d si nee IH9r> 
when Jewell notieed it while measurinfr speetra 
for Prof, PowIiukPs “ New Table of Standard 
Wave Leii«:ths All solar lines are displaced 
towards the red, although tin* dill'i^reriee is differ- 
ent for lines of <lifferenl intensity of- the same 
element and also depi‘nds u])on the depth of the 
point of observation and its distance from the 
centre of the Sun, beiny greater for the limb and 
less for the centre. 

We also observe, in the speetra of the distant 
nebulae, a shift towards the re<l of the H and K 
linos of ionized ealeinm. This shift, which 
amounts to several hundred Anf*stroms, has been 
ascfribed to a velocity of recession, in the line of 
si^ht, of the di.staiit nebulae. This explanation 
cannot be put forward to ex])lain the red shift (»f 
the .solar linos, since the lifrht received from the 
opposite ra(;(* of tlie sun, by reflection from Venus, 
docs not show the opposite effect, A very hip:h 
pressure, aiuounliiij^ to 2 to 7 atmospheres, was 
at one time assumed to exist in the chromosphere 
to explain thia shift, but it has now been definite- 
ly established that the pre.ssure in the chromo- 
sphere is very low. 

We should however expect a small red shift on 
the theory of the general relativity as predicted 
by Kin.stein, Measurements, carried out by Hr St. 
John at the Mount Wil.son Observatory, for 1537 
lines at the centre of the .sun seemed to confirm 
KinsleijPs prediction although the shift for 133 
lines taken at the limb showed an excess over the 
Kin.steinian prediction. This excess, it has now 
iieen .shown by P^vershed and Royds, actually 
amounts to the predicted shift itself, i.c., the total 
shift is double of the Einstein shift. This result 


is against the general theory of relativity which 
predicts a constant shift irrespective of the inten- 
sity’' of the lines and the point of their origin in 
the solar disc. It is, however, in accord with the 
preilielion of Sir S. M. SiilaimaiPs theory, accord- 
ing to which the shift .should increase from the 
centre towards the limb, being at the limb twice 
its amount at the eentre. Writing in this connee- 
lion Evershed observes in the Observatory, Oet. 
1937:- 

“ In flic Proceedings of the National Academy of 
Sciences of India (\‘ol. 193(>) and in tin* Indian 
Physic o-Malhematical Journal (Vul. S-1937.). Si?- 
S. M. Sulainian has propoinnh’d a new theory m 
light, according to which a light corpuscU? coiisistv 
of a binary system with eoniyioncnts of equal mass 
and opfiosite <*harges, rotating round each otliei 
and travelling with the velocity of light. One 
(»onse(]uen(*e of this theory is that the spectral 
shift at the edge of tlie Sun .sliould be twice Die 
Einstein value. Anotlier makes the defiection oT 
light of stars that passed the Sun to In* between 
1*3 and 1*5 times the Einstein value. These predn 
tions might be thought to be confirmed by my measurt 
of the iron lines in the red, and by Frenndlieli 
observed value; of the detieetion of the .stars ne,i! 
the edge of the Sun. liul it does not seem prn 
liable that all the lines of iron are subject to • 
shift which is twice the Einstein value, and \\> 
have to consider also the lines of other clcment.N 
than iron. I have found from the recent measures 
of the sodium I.) lines that the displacement at tin 
limb of the Sun and at llie centre, and presumably 
over the entire disc, has precisely the Fiusteli 
value of “I O'O 145A. These lines repre.sent a bi;-’’’ 
level in the reversing layer, and are therefore m ’ 
suliject to the outward movement of the lowe 
ga.ses, but there is no excess at the limb.^* 

Some time ago. Sir C. V. Raman, reviewin 
** Solar Sclipscs by Sir Frank Dyson, nn ' 
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K. V. I). K. WDollfv ill llio Current Science, a 
sciiMilific papiM* iVoiii Haii^»al(»n‘, wrott* 

*• Krom lliis account il appears that Miiisteiii’s 
prediet iofi rnmi his ueneral relativity is verified 
hy the observations. This <‘hapter should l>e of 
speeial interest to those readers in India who may 
have been ineliiM‘d to <;ive er(‘cieFiee to the numer- 
ous reports ami publieations emanating- Trom 
Allahabad n‘j'ai‘(iiim' tin* alleue<l ‘Imnolition of 


C. Davisson and G. P. 

Ini-: \obel Prize in physies this year has Ixam 
awarded to. Dr. Dlinton Davi.sson of the Pell 
laboratories. New York, aii l Prof. (JcMiriie Pauet 
Thomson of t!ie Impei’ial DolIe}^(‘ of Seienee, 
London. Tin* awards have* undoubtcMily been made* 
ill reeo^nition of their exp('rimenlal W(n*k on elee- 
Iron dil’fra<*tion earried (jut in P)‘27. These e\- 
p<‘rimen1s afforded the (ii-st dire<*t eonliianation 
of de liroalie’s' theory allributinu wave pro 
pel-lies to electrons, which won for him the Nobel 
Prize in .Not only have their experiments 

.siippli(‘<l by far the most <lirt‘et (‘vi<lenee for the 
pi-iiiciples umlei-lyiiiL' wa v<Miiechanics, on which 
lotlay the whole of atomic physics is base<l, but 
fhi-ir a|)plications ha\a' pi-ovided very useful 
iiiethoils for the stmly of surface tilms. of mole 
<‘iilar structure, and of crystal :»rovvlh. 

Wave Nature of Electrons 

In an attempt to reconcile the (fider i<leas of 
llu‘ wave-theory with the more I'ecently discovered 
iacts flemonstratin^’ that railiant ('ueruy travels 
the foi*m of bunilized (pianta of em‘r'*y or 
pliotons, L. de ProjrIit‘, in Ifilil, first conceived 
Ihe i<h‘a of att ribul int*' wave pr<»pertit*s to electrons 
■'•'' I <dh(‘r movinji' particles. His hyi>othesis re 
M'lired tliat the wavelenjith to be assoeiatt'd with 
’■lectrons would be yiven by ' , where m is 

1 ' ' n.v 

'I'e mass ami v the velocity of the electrons. Por 

^523 


Kinsleiii's tlKmry )f Kelativily {Current Science, 
Sept. 19:]7).'^ 

We reeommemi the above extracts from Kver- 
shed tt) Sir (’. V. Raman for iierusal. He will 
find that he has still to learn a ^ood lot about 
Allahabad. 'Die Hiim’ was entirely uncalled for as 
tin- book under review was i)ublished early in 
l!)d7. and was jirobably written in Ifidti, and the 
writers wen* at tin* linn* una(*(piainted with the 
n-sults of the Kclipse Kxpedition of IPdfi, or the 
car(‘ful measurements of Dr Kv(*rshed. 


Thomson 

caMiode-ray eorpuseb*s of, say. l^o.OOO volts en(*rj»y. 
the wav(‘l(‘n'^th calculated from the above relatitui 
comes <m1 tt> bt* of the same onb*!' as that of hard 
X-ray.s, so that these <'orpuseles shouhl show 
similar <lilfraetion effe(*ls. This was first demons- 
trate<l by sneei-ssful experiiiK'iits in 19‘J7 by 
i \ Davisson and a little latei* by tJ. P. Thomson. 

Davis.son and his Experiments 

l*orn in ISSl. in Illinois, P.S.A., D. Davi.sson 
obtaincfl his doctorate fri)m Princeton I’niversity 
am! was for some time a lecturer in i)hysics in the 
Darne»i<‘ Institulc* at Pittsbur^'h. Im)!* the last 
twenty years he has ln‘i*n working' in tin* Pell 
Laboratories in .New York. Like many otln*]* ^reat 
discov<-ries in science, Davisson’s e.xperimental 
verification of the wave nature of electrons was the 
result of an accident. As early as PI21, Davi.sson 
;ind his collaborators were <*arryiny mi a scri(*s of 
invest iji’at ions on the angular <listributit>n of’ elec- 
trons scattered by a tar}>'et of ordinary ])latinum. 

^Similar experiments were bein**- carried on later 
( PLJo) usinjr a tai*j»et of m-dinary polycrystalline 
nickel. Duriii'i’ the eour.st* of this work the exfieri- 
mental tube was a<*<*identally broken when the 
tar};et was at a hi**!! temperature, as a result (d' 
which it was heavily oxidize<l. To <»(‘t rid of this 
oxiflized layer, it was reduced and removed by 
vaporization after prolonjicd heating’ at very hii?h 
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lemprratuiTS. On (‘ontiriiiiii^’ tin* oxiH*i*imc!ils 
with thcsHiiu* tnrj'ot, it was round that the angular 
dislrilmtion of s(*all(‘nMl (doctrons had (*oni|)le1i*Iy 
(‘hanj^(*d. Tho alt(*ralion was 1ra<*(‘d to a rrcrystal- 
li/.alion ot‘ tin* larjict that o(*ciirrt‘d durinji' tin* prn- 
lon»‘i*d heating. lUd'oro llic a(‘('i(i(*iit tin* tarjift 
snrfa^T <*onsish‘d of many small ciwstals, at'tor tlu‘ 
accidfiit t)rily a tVvv lar^ir ones, and tin* wave 
nature (d' eleetrons eaii he pr«»ve<l only when they 
ai'c* scattered hy larj»(‘ single crystals. 

It was, howev(‘r, Klsasser, who lirst pointed ont 
in 11120, shortly after the ])uhlication «)f de 
Uro^lie s (lapers, that wav<* nature of particles 
would he found in the reaction hetween a beam 
of elc('trons ami a larye sinj^le crystal, and he 
believed that <‘vid(‘n(*e for the same was nl)tained 
from Davissem’s experinn'iital cni'ves showing: the 
anj'nlar distribution (d‘ <‘le<‘trnns scatt<‘re<| by a 
tar^iet of platinum. 

Karly in 1!)27, Davissini ami his collaborator, 
Iv. (jermer, published tlie results of tlu‘ir investig- 
ations cai’ried on with homofieneoiis beams of slow 
eb'ct rolls of einM’yy up to several hundretl volts, 
which W(‘r(‘ allowed to strike tin* face (d‘ a lar<*‘e 
single crystal <d‘ nickel. The intensity <d* the 
scattered rays w^as studied by means of a collector 
of the Faraday cylinder type. With any initial 
a/imuthal setting’ of the crystal, its rotation pro- 
du<M‘<l a number of peaks in the intensity distribu- 
tion of s<‘atter(*d rai’s (d’ electrons, the appearance 
of these maxima itself bejn^»‘ an indication of some 
sort of waves. Davisson went further ami showed 
that the values of wavelent^th <»:iveu by substitut- 
ing: tludr (‘Xiieriniental values t)f 0 in the Hraj^ir 
foimula nA—i/ Sin 0 were in a'ii'cement with tliose 
^iv(‘n ])y' do T.i’ojilit* bnv, so that their experiments 
afforded fnll coidirmation of the existmice of 
de Ih-o^lie wav<‘s. 

G. P. Thomson’s work • 

(i. 1*. Thomson Tvas born in Kn»land in IS‘)2, 
and was educated at (\'i.mbri<l^e, where he obtain- 
ed first class in the mathematical and natural 
sciem'c tripos. It rarely^ happens that a distin- 
U’uished [lersoii (‘an see his owm son distin?4:uis1i 
himself in the same line. Sindi however has been 
the lot of Sir <1. tJ. Thomson. (1. I*. Thomson is 
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llie illustrious son of a more illustrious father, wlm 
also was awnirdc'd the Nohel Prize in ])hysies as 
early as in 19()(J, for his famous researches on the 
ionization of and eonduetion through «a.se.s. S(» 
far as Nobel I'rize award in (*(meorm*d, the only 
(dher similar instance's are those of W. H. and 
W. L. and the Furies and tiudr dau^htei- 

Irene (Tirie rloliol . It is remarkable indeed that 
tJ. l^ Thomson’s wa»rk has ju-odiieed brilliant 
(‘onfirmalion of tin' wav(' nature of eatbode ray 
eorpuseles, w’hieh were first pi-oved to be discrete 
material jiarlieles as a result of the brilliant i‘e 
searelies (‘arrietl on by his fathtu* nearly forty 
yc'ars ai^o. 

(1. P. Thomson stndieil tlie iliffraetion nf dee 
trons transmittiMl Ihroimh thin iilms. The tirst 
exp('rimi‘nts performiMl under his directions in 
Aherdeen, in I!)27 consisted in sending' a heam uf 
electrons frimi a discharge tuhe throimh a narrow 
Indc, lu'hind which was place*! a thin (ilm of 
(‘clliiloid and the lu'am w'as then allow(‘d to fall 
on a photographic plate normal to it. liesides the 
central spot. S(mi(‘ diffuse rinj^s were ohiaiiieii 
(h'lnonst rat iim' tin* wa\(‘ nature of (‘lc<'trons, pas 
in**' til roll j»)i a (doiid of scattering: centres, h’ollow 
\i\ii: upon this work, 1’hom.soii pc‘i*foi'iiM‘d similar 
experiments with metal films of known crystal 
structure and in all (‘as(‘s the patl(‘rn ohiained on 
the photoj»raphic plalc consisted of a s(‘ries of 
riims conemitrie w’ilh the nndlffraeti'd spot, as are 
ohlaiiu'd by l)(‘bye-Selierrer powder method wilh 
X-ray.s. The sizes of tin' crystal axes for varii)Us 
metals w'crc c.'dcidatc'd from dc P.roylic relalinii 
/ * and they were found to coirici*le widi 

m " 9 

those found by X-rays. 

Thomson lat(*r d(*velo])ed methods of ohlainine 
diffraction jiattcrns by rctlcction of electron bcan'^ 
from sint»lc crystals and polycrystallinc surfaeis. 
These methods have opt'ued up new possihilii irs 
i’or tlie examination of surface siruelni’es. hciiiL: 
mneh more advantaj^eons than X-ray metluHls 
they are much Ic.ss pcnctralirijr, and intcracliiuj 
more intimalely with tlie atoms of the snbstames 
under invest ij^al ion, tlian X-rays. Later workers 
hav(‘ emiiloyed these methods of eleclr"'i 
diffraction in studying’ the nature of liipiid fib 
and also of many' organic vapours, and m-"'.' 
knotty problems ('oncernim»' tin* stiaieture of th' 
molecules Jiave be(‘ii satisfaelorily solved. 

s. 
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Notes and News 


Morton Mcxins Disease 

of a Irat'o of fol)all was ihr caiisi; oT a 
(Ifiu iciu y (lis( asf which aUackc(i the shcc|) in soon* 
parts of New /eaiand, (iiiriii^' the last 25 or ;{() 
years and was Ihc cause of iniieh loss lo th«“ sheep far- 
mers. 'Idle ilisease p>l its naim* Mort<»n Mains 
dis(*ase from llie locality where it appealed wilh per- 
ha))s the greatest vindeney. 'The <lis«ased she<p 
when transferred hi a l''.(alily wlii re this disi ase was 
unknown (‘ann* n nod rapidly and the healthy shta-p 
hroni^ht from a healthy place to tin* diseasi d area 
reinaiinal healthy hnt tin* ne\l crop of lamhs of 
siu*h healthy parents were liahle to he allaeketl hy 
this dis(*as(‘, th<:njL!;h the climate and tin* Vi'^;« lation of 
tin* two plaet's were similar. This sna:t!;este<l that 
(he disease was caused hy the ahsi'iiee <if some ile- 
menls from tin* soil of the jilaee where the disease 
nourished. On a sped roseopie eNamination of tin* 
two soils, tin* soil of the healthy hieality was found 
1.) e(«nfain ‘()0()2 j). e. niek<*l and ‘()()()7 p. e. eohalt, 
wln*r«*as the soil of Morion .Mains did not (*ontain 
tliese two elements. Hy-atlminislration of small (lost s 
of eohalt (1 milli^'ram per day) to the sheep the 
disease was eomph*tely t radieated. 

Heavy Nitrogen 

In ID.'tl* Prof. il. ('. I rev ohlaiin*d tin* .N’ohel Prize 
in (dieniislry for the discovery of Inavy water. On 
tin* (ith Septeinher Ih.'th at the C’onj;n*ss of the 
.\meriean C'hemit*al Society he announeed that he had 
lu'i'n able to obtain heavy nitrogen in suHieient 
(|nantity for research work. 'I’he atomic wt ight of 
the new isotoj)e is fifteen tiim-s that (d' hydrogen. 

Ib'ey’s process permits to tih'.iin KiOe* of heavy 
nitrogen per day. It is expected that heavy nilro 
gen would he very suitahh* for researches in ])hysiolo- 
gieal chemistry .s]H*eially on tin* nn-laholism ol 
proteins. 

Radioactive Isotope of Potassium and the 
Age of the Earth 

There exists a radioactive isotope of ])otassinni ol 
atomie weight K) (whilst that of potassium is ;3U). 


.\s il is transformed at the end of a \ery long 
linn* inlo ealeiiim this furnishes a means of eal 
(iilating tin* approximah* age of the tartli based on 
ti'n* (jnaniity of ealeanons rocks pnse’it in the 
earth s eriisl. According lo Dr .\. Keith hrewer of 
the Pnirean of ('ln*mistry of I'. S. A., the ag(* (d' the 
earth evaluated hy this method will not attain li 
milliard yiars. Tin* solidiflealioii of tin* enisl had laki*n 
I , I-.'tO.OOO.OOO years; analogous eah ulation based on 
uranium radinm-iead ratio h-ads lo 1 J, milliard years. 

Meteorite Collections of the Indian Museum 

Tin nnltorilt’ i*oihe*tions ed’ the (iiolngn’al Snr\ey 
ed’ India are tin best, says Dr (\>nlsun of the Survey 
in (*onrs»‘ of a popular article, in .\sia and raidvs 
fourth en* fifth in tin* whole* \eorId. 'liny e-oinprise* 
some t75 f;dls, of which 2!)‘) are* sleme* and I7d are 
ire'ii. 'They are* housed in three* line* e*as»s in the* 
Iiielia?! Mnsenm. ( ah ntla. Kve ry einhavonr is inaele* 
te) angme'ut the* e*oIIe*e*l ions hy re*e*ove‘ry eif all niate'rial 
it is possible* lo olitain aiul by e*xe*hange*. 'The* (ieei- 
le)gie*al vSnrvey of hielia earnestly re*<pn*sls the* e*o- 
eiperalion e>f individnals anel Ioe*al e)flieials in the* 
e'edleetiem anel ]irese*rvat iem e»f this very valuable' 
tangible* evieleilee* of the* nni\e*rse* arollliel lis. 'The 
value* of each fall varie s ae*e*oreling lo a varie ly of 
e*ire*iniistain*e*s, sne*h as the total we*iglit re-eove-reel, its 
pee'uliar eomposit iein, the lumdur ed‘ pe)sse*sse)rs of 
spee-imeiis, wlu'tlur the fall was witinsseel, etc. 

Archaeological Excavations at Khokrakot and 
Kausainbi 

Are*haee)le)gieal exea\ atienis have just been slarteel 
at Klmkrakot. in.ar the town eif Kedilak in tin* 
Pnnjal), anel at Kosam, which has bee n ielenlifieel as 
the site* e)f tin* atie-ie'iil e*ily e>f Kausamhi, ne'ar 
Allahabael. 'Tliere* is at Khokrakeil an extensive 
nieiutid e»f ane'ient origin anel il is }n)pe*el thal the 
survey imw .starleel in the Sejutli Kast Punjab anel 
Western I'. P. will threiw semie light em India's 
ancient history, whieh is partieedarly obseiire in the 
perieid between the* prehisteirie Indus culture, and the* 
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liislorif a, Hr ronitiinu'iiiH willi tlir birlli ol‘ Hmltililsiii 
ill till* l.owrr Hasiii. Kxravalioiis al 

kaiisaiiihi an- also likrlv lo |»ro\r oT Hu- j^n alt si 
inlrn-sl, for KaiisainM was tun- ol Uw rarlirsl iiistorir 
sites, ami il is lu-lievt d I hat ils foimdalitm rests on 
the setlleimiit of an earlier jxriod. Alr- f.d; two 
In^aiils of east eopper eol’is which were in use in M i* 
early eeiiluries of IIh‘ ( hrislian era ha\e been ilis- 
eo\eretl in the ex<a\ations ami the place l)i(ls fair lo 
lx- the riilust site for autiepiities in Neerthern Imiia. 

Atom Tracks Fxhibilion at Kensington 

It is now twenty fi\f years since’ Professor 
('. r. II. W ilson lirsl succeeded in making visible the 
traeks of iuelividiial atenns and eha-trons. Mefore this 
time me thods hatl he-en de\ iseal fetr deteetiuH sinnie 
aleuns as they struck a small screen or cntereal .i 
small heix, hut hy Wilson’s method the* actual paths 
pursued l»y tlyiuH ateunic nuclei and e lea t reins can 
he* s<e'n and pheitoHraplual. their eeillisieiiis eine with 
amiilie-r can he studieel ami e've'U the t raiisniutat iein 
of one eleiuenl iido another e-aii he’ ohscrveal. W'il 
sein's cxpansiofi e hamhe r im theiel has he e-n xe ry xxiele ly 
use-el fell’ inx e st inal ini;’ the’ strm ture’ ami he havienir of 
aleinis. aFid an e’xhihition has hce’ti arraiiHeel at the 
Se’ie’uce’ Muse um to illiislrate’ the nn at xarntx eil’ 
elle’cts which have hee’ii inx csliHatiel hy the’ me’lliod 
eluriiiH the jiasi ‘J.T years. '('he- ee MliS' pie’ie* eit the- 
e'xhihitiem is ( . 'V. 1{. W ilson’s e»rif»inal apjiaratus 
eif 1‘>1I 12. xxhii’h has hi-f n lent h;. the’ ( *ax eneli'«]i 
1 .aheirateiry, ( amhrid'J.e , whe re W ilson’s pieille’e r Weirk 
was earrie’d eail. 'I'lu- re’inaimle-r 0 / I'f exirh'f I. ' 
e-einsists of a e-olleetion of eixcr SO pheele'Hrajills which 
haxe- bee n take n by re se’ar. h winke rs all ove r the* 
weirld usiiiH W ilson e-xpansiein eliamhe rs. .\]\. inlro- 
dui’tory j;re)Up of twe Ive’ phe)toi*i'aphs illuslrate-s in as 
simple a way as possible’ some' of the’ main preipertie-s 
of alpha-rass. be*la rays, \ rays and e-eismie’ ra s, for 
the be’iielil of Iheise’ who an* not familiar xvilh thcin, 
'I’he- collision eif an alpha ray xvilh an atom eif hxdreiHcii 
can be seen -an c\ain))le' eif xvhat may In- terine'el 
“ atomie* billiards ” xvhile’ in a ne’iH'hbeiurint: pliotei- 
f;ra])h an alpha- ray is seen to disinte’grale the nucleus 
of a nitrogen atom, cji'clinH from it a proton xvhieli 
Hies otf at liinh speed. 'I’lie se' and many other eif the 
jiheiteinraphs have’ be e’U furiiishi il xvith key diaHrams, so 
that their esse ntial features can be re adily picked eint 


t^ven by the visitor who is relativcdy unfamiliar wdtli 
the subjeel. 

Indian Statistical Conference 1938 

TJie opening eerrinemy of tlm birsl Session of the 
Indian Statistical Ceinferenee will he' held in C’aleutta 
in the Stnate- Hall eif the Calentla University al 
Id a.m. on Friday the 7th .laiuiary, Id.'lS. Prof. R. A. 
I'ishe-r. Se'.D., F.R.S., (ialtdii Professor in tlu' t'ni- 
versity eif London, xvill be* the' fiene'ral I^resideiit. 
'riie-re* xvill lie eim* aftermion session ein Friday, the’ 
7th damiary ami Ixvo sessions, one freim d-.‘U) a.ni. tei 
12 .‘to p.m., and the' otluT freim 2 0 ji.m. tei l-.'tO p.m., 
ein the’ Sth and Oth .lanuary Id.'tS. 'Fhe xveirk of the* 
Ueinferenee’ xvill he carried on in aelixe- eei ciperation 
xvith the Indian Seie-iie’e’ (‘empre ss which xvill also ine'e t 
in ( aleiilta al the same time, and arrangements have’ 
hee'ii maele feir txvei Jeiint (liseussieins with the- Indian 
Se'iene'e’ (’eiiiHri'ss, eine’ on aHrienllnr.al statistics and 
the either on Iheeirelical slalislies. <)m‘ or possihly 
Ixvei sessions will also he de'voled to (conofnie’ stalls 
ties and one session to pulilie health and vita! 
slatisties. 

'Idle (iox e rnmeiil of India have’ ve’ry kindly 
their oHieial reeoi»nilion lo the’ ('onl’e re’iie'e, ami have’ 
aureeel bi permit ollleers unde r Ihe ir e’einlrol tei atle ia! 
it ami lo draxv trax ( llinj*’ allowame’ feir this jiurpose' mi 
Ihe- same terms ami eemlilions as eilllee rs xvho are’ jier 
milleel lo alli’Mel the' Indian Se’ieiK’e (’eingrcss. 

'The minimum subse'ripl ion for Ihe mi’inlie rship ol 
the’ Uonfe re’lie’e’ has liee’li lixe'ei al Rs. It)/-. Me’Dihei’S 
e,f Ihe Imliaii Statistical Inslilute- .and eh’h’i»ales xvill 
be eiilille-el to bcceime eirdinary members of the' (’onfe r 
eiiee* without payment eif any fees. All nie’inhcrs cl 
the’ ('onfe’re nee will haxe the* ri^ht to contrih'iie 
pajie rs, to filte’nd all scientific and other meetings 'd 
the’ Uonicrenee, and lo neiive free of eharn'e 'i' 
piililieations relaliiiH lo the Uoni'ere’m’e. Assoe-ialc 
inennhers who will have the rinlit of altendiiiii' all 
seientifie* meetings of the Ueinferenee* will alsei he eii 
i\ ll'-e.l on [layme'nl of a iniiiiinuni suliseription ol 
Rs. 2./- for the' session. Perseins desi reins of attend 
ing the (’onfere'iiee are reepie sled kindly to eominuni 
e-ate’ xvilh ihe Honorary Seerelary as early a*' 
possible. Visitors from ontside Ualeiitta are’ n 
(pieste'd kindly to iifive early intimation of aeeomnioda 
lion reepiired, me'iitionin^ dab' and time of arrixak 
iialnri' of food (vi'gelarian or non-ve'/^edarian) ami 
class of aetaiiiiinodation. 
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Minerals in India in 1936 

Uu* Nt'carJx oi' tlu* Siirvry 

of India, llic total valin* of ininrrals produced during 
IP.’P) in India (inclndiiiji; Hurma) was marly 
C 1 J),ri()(),00(), an increase of iicarlv £81,000 ovto* the 
previous year’s %ur<*s. 'riiere was, however, a 
(herease in tlie value of the oulj)ut of the two prin 
ei])al minerals of the country, viz., c-oal, ( ) and 
petroh-um fO.7';.;), thouuii the actual aimmnt of 
pelroleuin produced increased to alaxit .‘1. *15, 000, 000 
gallons, the hif»’hest li;»»ire yet re<orded for the in 
diislry. (’oal output during*- the year was a little over 
*J*J, 500,000 tons (a decrease of I.S ’ in (piantity ) 
\alued at nearly (i[ erores of rupees ( £ I‘,700,000 ). 
’I'he true cause of the depression in the Indian coal 
iiiduslry is, aeeonlin|i>' It) (he Records, over developnieiH 
of the coal fields, with refereme t<» India’s re<|uire- 
meiits. Kvery new coal fh hl that is <»pem*d at pre- 
serd nu'rely sj*rves to accent uate the (tepression. Of 
the thirteen other minerals with outputs \alued at ov •• 
t' 100,000 annually, inereases in >aliu‘ wire slu»w»i liy 
inan#*a?iese ore ( iti,.'! /', ) , lead and lead-ore ('25.0'^'). 
mica fl l-.2' ,. ), iron-ore ( ), zinc eoneentrates 
nickel speiss (5.0'^'^.)^ tunfi;slen <*onei*Titrates 
f‘{ 7 „), tin eoneentrati’s )• «*^<1 ,ii,’<dd (0,7’.,), 

wliih decreases were shown by silver ( ). salt 
M t.0‘’ ). hnildiri^ materials (7.0 ^,), and copper-ore 
and matte (2.1%). 

Metric System in Industry 

A dt'lailed I'xaniinalion of the use of the mi’trie 
‘'vslem and its further possibilities in the chemical 
iu<luslry is announced by the Decimal Association, It 
i'' pointed out that the metric system is already in 
in ])art in a number of industries, and that the 
^''soeialioii woidd welcome the eo operation of any 


firm willing t(» supply information as to the appli 
cation of tile system in their own eoneerns. lly such 
co-operation it is hoped to eompih* a eompreheiisive 
survtw to be used in the Assoeialion’s efforts to secure 
decimal relbrm for (Jreat Britain, 'I'he Decimal 
Assoeiatimi is now keenly supported by o\er (iOO in- 
dustrial eoneerns iiieludin^* a number in the chemical 
industry. 

- The Chemical /1^'e. 

Drug Industry in India 

“ 'I’he bulure and Prosjnets of Dru;»‘ Industry in 
India ” by Dr H. Mukerji and Dr ,1. C’. (iiipta forms 
the next article in our Section of 'St'ienee in In 
dusiry.’ I’or the [)ast few years the drug industry in 
this country has been occupying the mind of both the 
general public and the imluslrialist, as also of the 
(fovernment. 'Though atlem})ts have biam mad(‘ 
oeeasiofially to tackle tlu‘ problems eonneeti'd with 
the industry, ttiey have st> far lacked co-ordination, 
and little has been achieved either to create the market 
for the indigenous products of India or to improve 
tin* (piality and standardi/.e it (though the (iovern- 
ment have recently taken ilefinite steps in the latter 
direction). 'There is no deartli in India of quali- 
fied chemists and pliarmaeologists ; raw materials for 
manufaeturing drugs are abumbudly produced in this 
<-ountry. All that is therefore needed to utilize these 
and develop the industry on sound lines is suitable 
capital and initiativt'. l*'or want of space we have, 
been able to publish only half of the article; the other 
half will ap])ear in the next issue. We hope it will be 
welcome, especially as it comes at this oj)portune 
moment. 
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'flu- (Iniic iiiamifacliirln.iC iiiduslry is oiu' ariioni; 
maiiv ntlirrs, wliirii lia\r MiHVrtd Innn roinparativr 
iK'glci-l . \rxl to lilt' supply of i-licap and siihsiardial 
fo(Ml, till' provision of nu'dit'iin s of I'ooti and depend 
able (piality at a price within the reach of the povi rt\ - 
slrielvcii masses is an nri'rni necessity. 'Idle drug; 
nianufaetiirin^ indiisiry, therefori', is one of the imisl 
esst niial and vital of all industries, and is so intimately 
assotiaied with medical and piihlie healtii work that 
it demands the spn-ial attiidion of all intoresteil in 
a iM'ltcr and h<-althi(-r Imiia. 

'Idle dnijL* imlustry has never made a ureal head 
way in Imiia, anil the reason is m»l far to seek. 
Ilefore the ill! roiliK't ion of the \\’est<*rn system of 
niedieine, the indiu'enoiis systems, e.t/., the Aynrvi'die 
and the I nani and 'I'ihlii systems of niedieine. held 
the field. .Vtarly !)() per cent, of the population of 
the country relied on these old systems of trealineiil 
in some form or other and on the indiuinous materia 
mediea. It was, therefore, no wonder that even at the 
lieuinninu of this century, there was little demand for 
W’esirrn seieiitifie medicines. W’ithin the last ;t() vears, 
a disliiief ehaMge in this stale of a/I’airs is not ieea.ldc. 
1 he ^^es|^rn system of medicine w it/i its real triumphs 
in ihe tii'Id of immunity, serotherapy, specific mediea 
lion, ehemotherapy, i te., has roved its merit beyond 


all doubt, and ha‘i gradually established a linn hold 
in the minds of the people. 'The woiulertul achieve 
meiits in the lield of surui ry and obstetrics, eomiiiu 
at a time when the ancient indig:<!ious system of 
treatment in India was almost in a stagnant and 
paralytii' condition, naturally created a very greai 
beiiefit'ial inlliienee. '1 he people began gradually l.» 
change their old lailhs in Ihi' healing pro])erties ot 
the crude dreoetioiis and iiifiisiniis, eharms and 
amulets, etc., and slowly but surely adopted IIk 
teaihing and praetiees of thr new and progressivt 
Western s\steni ot Irealmenl. 1 his system has no»\ 
gained enormous po])uIarily in India ami its adin r 
eiils are increasing every day in number. I in 
demand for medical facilities is so widespread iiitw 
that the su])ply of midieiiie has already I alien l.ii- 
short of Ihe demand, with Ihe result that medical 
treatment is becoming more and more costly e\er\ 
day indeed far too costly for Ihe average indiv idii.d 
in a poor country like India. 

lriH3C)rl of Medic inal Dru{»s and Chemicals in lndi<i 

'That there is a large and rapidly growing dciiiainl 
ill India for medicinal drugs and patent and jui' 
jirietary medicines belonging to Ihe W'estern sysl- m 
of medicine is seen clearly from a perusal of Ihe st a 
borne trade statisliis of Hritish India. 
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'rhc table is selt* explanatory ami needs no speei il 
eoniinent. It is appaniil that since tlnre is 

as distinct tendency for prai’tieally all the items in 
the list to show a well-marked increase. 'I’his inereasr 
is not just a temporary stale of alfairs. If we look 
further back to the records and slalislirs id' lrad<- 
iMliinis, we find diHniti* evidi-nee that a strady 
increase imports is i;din^‘ on for a pretty Um** time. 
'I'hiis in the year 1!)()S it, the valiu- »d‘ imporlrd 
dniji»‘s was only alum! T.’i lakhs, iii the year lit.'tr) h it 
went np to nearly 27.’i lakhs, a fourfold iiuovase in 
the short period of **") years. 'I'hest ilu;iir( s. of 
eonrse. do not take into ata-oiml the drug's mannfa« lnr 
ed in the country . and though exact statistics an* not 
a\ailabh‘. there are e\i«lenees to show (hat this is not 
an insii;MitieaMl /ii>iire and may Ik* as miirh as ‘JO to 
‘Jo pt*r (*enl of (hi* imports. 'The oul\ liopefid fialiin* 
which is (*\idenl from an analysis (»f tin* tal)le appear^ 
to be the l(*n(h*n(*\ to deen ase of (he import lijinres 
under the head ‘ proprii tary medicines.’ W'hih* this 
mav be eonsid(*r( d ."s ;\ siL’ii that i*ulim*iioiis maiiutai* 
(lire is ^radnally la plaeiiii* the imported spe(*iali( ies. it 
is more likely that it is due tt» the general linaiiei i! 
depression ami tin* e«*onomie nmertainly in India 
during re«*enl y«’ars aire(*t iiij;' the biixin^' eapa<*ity ol 
the people. 'I'lu* era/e for nsiiii* propri<*tars and 
patent spi'cialities is so nnixersal aiinmjist tlie medic il 
prr.etilioners, and tliere is miieh propaganda 

in their faxonr t!ia( linn* is (\u\\ pt>ssdnlii\ 
that there will be a substantial inen asr nndrr this 
head in tin nrar future. 

W’e ha\c* pnrposi ly iin-lnded in the table ll^nias lor 
‘ I’.ssential Oils,’ ' .Meohol ( metlieinal ) spirits for 
]>erfumery ’ and ' toil«*l products’ as these an* in 
timalely eonne< t.*d in many ways with the problem of 
drii^ mannfaetnre, at least in India and slmnld be 
<•onsider(*d in t*very well planned sxheme for the pr.i 
iiio(h)n of this industry in India. Wr will consider 
this aspect of (In* (|neslion, in mon* detail, later. 

Dvug Resources of India 

rile drug nsoiirees of India are vast and. 
im xhanstible. 1 1 may be said, without miieh «*xaggt* 
ration, that with suitable op]>orl unit ies, India can 
supply the whole world with nndieiiial herbs and 
drugs. Jmaving aside for the lime being the large 
uiimber of drugs used in the indigenous systems o^' 


medieine in India, nearly three- fourths of the vegel- 
abi(‘ drugs mentioned in the Ilritish and I nitt*d States 
Pharmaeopotda grow wild and in great abundam*e in 
the ditlerent parts of India. India, as we all know, 
has been called the epitome of tin* world and imh*e.l 
she possj*ss(*s sui*h wonderful \ariability of tt*mper.*j- 
lur<*, soil and elimalit* conditions that every eoueeiv 
able drug ranging fn»m llu>si* growing in tiu* hottest 
tnipieal eliniale to lliosi* growing in teinpi*rale aim 
(*old (*limat<*s m*'.\ be m.ade to grow in her soil. 
.\Ioreo\(*r. a largi* numlur of plants grow in India 
which, though not exactly tin* same, have properties 
and actions similar to tin* imported and otteii expin 
sive remedit's. and would form t*X(*i*llenl siibslitutes. 
Not infrequently it is some i*losely allii-il sj)eei<*s which 
is |)harmaeologij*ally just as active. I'.xamples ol 
such drugs are iiiimeroiis but a few important ones 
such as (ht/Unlis, iprcdcuan ha, rmal ft pfus, rinchoHd, 
jdldf) etc., may be tiled. 'I'liey were introduced into 
India manv yiars aL*o and are doing vvt*ll. Nature 
has bt stowtd with a bounitoiis liand all the medicinal 
drugs and In rbs whiih her peopU requin*. In .spile 
of this slie is dependent on many foreign eoiinlrii'S 
for her vegetable drug n (|iiir(*menls. I'.veu to this day, 
eruth* drugs like podophyllum, eob hieiim, scpiills. t rgol, 
belladonna, etc., .‘irt* being brought in from Ameriea. 
iliissia. and Spain. I'inished prejiarat ions like 
liiu lures. solid t \traets, ( te.. in faifly large (|uanlilies 
are also «*t)ming in. Many Imlian (inns manufaetur 
ing jdiarmaeopoeial tiiielures and other galeiii al 
preparations i.f a similar natiin* import tin* solid ex- 
lra(*ts from foreign drug houses and carry out tin* 
n*(juirt‘d dibit iims in this eoimlry and label tin* pro- 
ducts thus obtained as their own imligenoiis 
manutaeture. Apart from drugs of vegetable origin, 
India is hopelessly dependent for almost all her ])ure 
and heavy t*lninieals, used in nn*di<*ine and pharmacy 
and ill analytical and seieiitilie work on (iermauy, 
(ireal Britain and ,lapaii. Practically the whole 
range ot amnslln*lii*s. both for local and gein ral use, 
tile whole* group «d' syiithetie pnparations, the 
eonstaritlv growing series of pnparations for railio- 
logieal purposes, all tin* esstniial oils, vitamin and 
( ndoerine products, l»v nn*ntion only a f(*vv, must come 
from abroad to maintain the health of her eounllesH 
millions. Praetieallv all th.e fine ihemieals and basic 
alkaloids liki* strvchniiie, atropine, ealfeine, etc., are 
derived from fonigii eoiinlriis. It is not impossibh* 
to maiiufaelure all llnse re(|uireiiient s in our own 
i*ounlry. My means of a few eonerete examples wc 
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wish to show how this is possihli-. 'I'lnis, Atropn 
hcU(iil<nnifi, thf soiircj- of all hi llatloiiria preparations 
of lilt* pharinaeo|)oeia and the alkaloid, atropine, ^^rows 
ill ^reat ahnndanee in the llinialay.'in raii^»:t*s extend- 
ing from Simla to Kashmir at an altitude of (hUOO to 
12.000 feet alaive the sea level. An unliiniteil siip]>ly 
of the leaves and roots can he obtained from the 
north(‘rn Himalayas from loealiti«'S not too far away 
from places with suitable trans])orl faeilitii‘S. Lar^t 
quantities of the root are ecdleeted in the Hazra 
flistriet t»f the North U’estern Frontier l^roviiua* and 
during riaa-nt years, have been exported to Knropv- 
and America. 'I’he Indian Melladonna roots have 
l«en fonml t<» e<»ntain a hijnher pereentai'e of total 
alkaloids (O.sl per cent.) as compared with the 
standard (0.1.') jur cent.) laid ilown in the British 
Pharmacopoeia. In spite of such ailvantai*:es, India 
imports fairly lar;>'e (juanlities td' Ihdladonna prepara 
tions and the alkaloid, atropiiu*. Another importani 
source of atropine which h.as not been prop<*rly ex 
l)loiled is the plant, Daiura. India is the t>nly 
eonntry where l>oth Dai urn shnmttn'mm ami Daittra 
faxtuafia ^row plentifidly. In Bengal, Datura is 
found almost at the doors of e\erv householder in tie* 
villages. Iteeaus«- of its <as\ availability, it has been 
most iK'/rleeted aifd most of tin* Si ramauiuui prepara 
lions in tin* market and * asthma sp(*eifies 'of whit'li 
the chief constituent is stramonium, aia* iinport<'d from 
outside. 'The atropine <‘ont(‘nt of this plant is on 
iloulitedly low but tin* ])lant ^rows so abundantly in 
easily ai’cessible hu'alilies that it will be worthwhile 
to altem])t extraction of tin* alkaloids from the plant. 
Strifchuox uuj' vamica il’rru. KuvhUa) f»rows w’ihl and 
))lentifully throughout tropical India up to an altitude 
of I'.OOO ft al)ove sea lewl. It is parti<*nlarly 

abundant in the Madras Prisideney, ( oehin. i'ravan- 
eore and in Orissa. In the Mavurbhanj Stale in 
Oris.sa, Nux vomica trees flourish and a n'ood export 
tra«h* in the seeds is alreaity exist inj»;. 'The total 
(‘xports from India approximate to about lo.OOO 
r)().()()() ewt. annually, valueil at Its. ;t,0(),000 (;i lakhs) 
and tln*y ^o almost entirely to (ireal Britain. 
(raleni<*als like tinctures and extracts anil purifieil 
alkaloids - strychnine and brucine — are iiiaiiufaetured 
there and sent out to the Indian market. 'Phe value 
of the imported refined produ(*ts is nearly 100 times 
^reati r than that of the exported Xux vomica .seeds, 
'riiere seems no reason why the maniifaeture of liiie- 
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lures for medicinal purposes and tlic alkaloid, 
stry<*hiiine, eoidd not be ])rofilnbly undertaken in 
India. 'rineture Nux vomica is widely used in 
^feiieral tonic prescriptions, and stryehnine, apart 
fn)m its rnedii al use, is largely enqiloyed as inseelieide 
and as an animal poison in countries like >VustraIia 
and New Zealand. If the Nux vomica seeils are 
availablt* in the Calcutta factories at a cheap rate 
and if factories an* erected near the source of supply 
of tile driif*;. stryi'hnine could be easily maiiufaetured 
at eonqa titive prices. Santonine is another im])ortant 
dru^ which may bt* economically manufactured in 
India. Practically all the santonine iii the Indian 
market is imported from outside. Many spe(*ies 
of Jrlrtn'isia »row in the Himalayas, particularly 
in the valleys of Kashmir and in llie Kurram 
A«fem*y in the N. W. Frontier Provinces. 'Pliey yield 
qiiiti* as i^ood santonine as eoidd be derived from the 
Artemisia ••‘rowing in Hussian 'rurkestan. (^uile .i 
lari>c* quantity of the flow'er heads is now* eolleeted in 
India and exported to Fn^laiid for the manufaetun 
of the finished product. Santonine is a \ery expensivi 
driijf, and if arranj»-(*ments could be made for a l.-irue 
scale production of the dru^ in the lo(*alilies wlur. 
artemisia is ^rowinjn*, a remuneratixe industry e;in b' 
i*asily built up. Calfeine is ;inolher imporlant drue 
in the armamenlarium of the physician. It is lh< 
principal alkaloid oeeurrin^*' in te;i and eodVe pi.-ints. 
both of which are found in abundance in India. Next 
to China, India is tin* larp st lea- Jirowini!; eouniry in 
the world. I'.xery year nearly libO million pounds of 
t(*a are used for local consumption in India and 
Burma. If ead’eine is manufactured from the lea 

waste (Hulf and sweepings) deriveil from the quantitx 
of fiiiishetl tea exported, nearly .57.;i()() lbs. of calfeine 
can be produei'd which will fetch a substantial sum 
'Pile demand for calfeine anil its salts all over tin 
world is quite lar^e, and India, the larj^esL tea export 
iujr country in the w’orld, can easily hohl the key to 
the caffeine, iiiilu.slry of the world. .Morphine and 
its preparations provide another instance of our ho|)e 
less d<*|)endt*nee on foreif;n countries. Most of tin 
salts of morphine and preparations of codeine met 
w’ithin India and used for pharmaceutical purposes 
are under the label of foreign manufacturers, though 
India nndoiditcdly is one of the important opium 
grow'ing countries in the world, (’astor-oil seeds and 
eliaulmoogra seeds w’liieh are alniiidantly availahh' 
both in India and Burma are taken thousands of mih ^ 

{Continued on Patfc d-l - 
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The Surface Wave in Radio Propagation over 
Plane Earth 

In 11)1)7 (Ann. cicr S(‘i*. I, Voi ‘Jo, 

Scpl. sIio\V(mI tinil Ji pliinc inlortnee 

lM‘f\V(*<*n two .s(Miii-infinit(* meilin such as flie 
oi'oiiinl ainl air coiiltl supporl an elertn)-iiia‘ 4 iH‘ru* 
wMve aloiiM: the surrarc. 'I'liis “ surraee-wave ” 
tif Zrtinerk received a tlienrelieal siipi)or1 fnnii 
SniiiiiMM*reld’s solnlinii oT tin* i)rol)leiii in P.MM) 
(Ann. dcr Physilt'. Ser. I, Vol JS, M.nch Hi, 190!)). 
The solid inn eoidaiiusl a cvlln<lri('al sni'lnci* wave 
which at ‘‘issd. dis1anc(‘S is anahm(>us H* tlu* 
ZciiiM'ck wave. 

Iial(‘r in 191!) Wevl { Ann. der rii^sil(, v. A, 
\\)\ DO, Nov. JO, 1!)1!)) o])iain»‘<l a solidion whicli 
(Tnl not explicit l.y contain the snrl’ace wave in ipics 
lion. His results as well as the 1h(a>retical ex]>res- 
'sions oldained l),y van <ler Pol ainl Niessen (Ann. 
dvf Ph^sili\ Ser. a, \’ol (i, Au^. JJ, 1!)J0, \ ol 10, 
.Inly Jl, I9:il, \h)l IS, Dec. ‘J4, 19:1:1, Vol Hi, April 
19:}:i, Ph])siciK \’ol J, Auc'. l!):)r)) were considered 
iiuiiierically (Mpiivalent to SoiumerrehHs results. 
S(niimei‘reld in 19*2(i pu])lished rurthiM* theoretical 
icsnlls on the i)rol)lem (Ann. dei PJi])sil(, Ser. 4, 
Vol SI, Dec. 11, 19JD). Uoir (Proc. I. R. E.. Vol IS 
Alandi 19:i0) construi'led 4 i‘aj)hs t’roin Soinnier- 
IVId’s eai’lier papi'r showing the variation of the 
fii'ld with distance coverinjjf all ])ra<*tical trround 
conditions. These curves W(M*e aciM'pted <*xcepl 
for minor criticism by Wise (Proc. I. R. E., Vol IS, 
.Xov, 19:]0). 

In 19 : 15 , liowever, Xoi*ton (Nature, Vol Hlo, 
19:15, rlune S) pointed out that H(»lf’s »raphs were 
constriioled from Sommerfeld’s siDulioii as »ivcn 
ill the earlier paper which contjiined an error in 
•'^imi —an error which did not however occur in the 
hiter iiaper. Xorloii himself (Proc. I. R. Vol 
24, Oct, 19:iD) (Km 1 need formulae f(U‘ ^rouiid- 
'iHenuatioii of radio waves from short ‘»-roiind(M] 
'iiitciinae which did not a^i'ce with the liolf curves. 
P. K. Harrows (Nature, Vol HIS, Au^. 15, 19:1D) 


also showed that the iM'Sults of Weyl were nnt in 
ai'-recmuMit with those of Somm(‘rfeld-lK»l f hid 
actually differed from Sommerfeld by exactly lh(‘ 
surface wave componeid. Wise [Rcll. Tech. 

Jour., Vol HI, Jan. 19:17) and Hice (Rcll. S^s. Tech. 
Jour., Vol Hi. Jan. 19:17) thiMiretically sIiowimI that 
simpl(‘ antminas do not •'•enerati' a sui'face wavi* 
componcid. Harrows (Proc. /. R. E., Vo! J5. Keb. 
19:17) ri'portcd that his ex])eriments over <K‘e]) 
fresh watei* showed that the surface wave (Mmi])o- 
Held is not set up by simple ardeiinae. His 
mc.asurciinuds a^rtMMl with th(‘ curv(‘S calciilat(Ml 
by neoliM'tin^ th(‘ surface wave cnmixuierit. The 
rectmt tln'ordical stiniy (d* Xorton (Ph\)s. Rev., 
July 15, 1!):.17 p. H'lJ) however cl(‘arly indi(-at(‘s that 
the radiation over th(‘ ])lan4‘ (airth consists (d' a 
space wav(‘ and a surface wavi* and that the sur- 
face wave is just th(‘ ground wave which is the 
nuMlium for radio friMpiency communication. 
.XortoiVs “surface wav(‘” how(‘ver has an attcuiua 
tion factor which vari(‘s at first expomudially with 
t!ie “ numerical distance* ” and finally at larjic 
distaiMM's inversely as the “ numerical distance*.” 
The reccid e‘X])erimental results of 1'5'hlnian (Proc. 
I. R. E., Ved JI, 19:i:i), and Hurrows (Proc. 
I. R. E., V(d J5, Feb. 1!):17) have been found to 
ai»i'e*e with .Xorton ’s foi’midae*. Ke‘ceid attenuation 
nu‘asurements by Khastiiir & ( 'hakravaidy at 

Dacca with idtra-short waves also su|)i)ort 
.Norton ’s formula. 

Norton, however, deriviMl his formulae* from a 
feirmula ed’ van den* Pol ami Xie*.sse‘n. Further 
experimeidal results on the subject of surface 
wave componeid are awaited with inten*st. 

M. K. Chairravarty. 

Diphtheria Toxin and Vitamin C 

It is known that the vitamin F re*scrv(*s of tlic 
adremals of j,niinca pii»s elyin^ from tin* effects of 
diphtheria toxin are ^revdly diminished ami that 
test animals partially depleted ed! vitamin F 
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survive the injection of this 1«>xin for shorter 
periods of time timn those ted on ji<le(|inite diet. 
It was also elaimed h^v some workers that iliph- 
theria toxin also is destroyed hy solutions of 
ascorhie acid, in vitro, under eertain eomlitions. 
These findings jiave rise to assnm])tion that vita- 
mill C neutralizes the diphtheria toxin within the 
system. (\ C. Torrane«‘ (/. Biol. Chcm., 1 21, 31, 
1937) undertook experiments to verify the above 
assumption whieh evidently ])ostulates eombina- 
tion of the toxin and the vitamin and eonse<iuenl 
inaetivation of the aseorbie aeid. The author fimls 
that allhou”!i the vitamin (' eonteiit of mixtures 
of lemon juice and toxic filtrates of the diphthm-ia 
bacillus projiri‘ssively deeline<l, the aseorbie aeid 
was found to have no effect upon the toxin in the 
pjj ranjye of the mammalian ti.ssue. The appannit 
destruetion of the as(*oi‘bi<* a<*id is due io its oxida- 
tion to the dehydroxy form. 

H. N. B. 

New Anthropological Instrument 

d. ('. Trev<n‘ and AI. h\ Ashley-AIonlaj»u have 
devised a new sliile compass, whieh was demon- 
sta.rte<l Ind'ore the American A.ssoeiation of IMiy- 
sieal Anthroi)olo»ists, Cambridge, on April 10, 
1937. This instrument differs from the old slide 
e(Miipass of Martin, mainly in the presence of a 
device whieh heljis the exjierimenter to measure 
int<‘rnal diameters. The instrument is made of 
bra.ss chromium ])lated and the weight <d' the 
instruiinmt is about o ounces. This instrument is 
made by Mr Waller Turnbull, head of the Machine 
Shop of New York I'niversity, Washinulon. 

M. N. Basil. 

The Middle Atmosphere 

Tp to a height of about 10 kilometers our 
atmospher(‘ is governed by adiabatic laws, and it 
is believed that jiractically all the meti-orological 
l)hcnomena belong to this .shell of ga.seous mantle 
surroumling the .solid siilnme of tlie earth. Again, 
from the long-<lislanc<* transmission of ra«lio 
waves, it is known that earth’s atmosphere does 
not terminate at a height «»f 10 kilometers only 


but rises up many times to this lieight. Thus 
beyoinl 100 kilometers the existence of two main 
regions of .stratification, the £ and Flayers, was 
esiablislied from radio I’c.sea relies. Thus the two 
regions of tin* atmosphere, the first U]) lo 10 kilo- 
meters and the other beyond 100 kilometers were 
con.sider.ed to be of very great interest, the former 
to the meteorologist ami the latter to the radio 
engineers. The intermediate region - the region 
bi‘tween 10 to SO kilonieter.s was left to the 
investigators who were bii.sy on jiroblems ]>urely 
from the .stand))oint of gaining inon* land from tlie 
region.s ■ of the vast unknown. This region is 
generally termed as tin* lower ionosphere or the 
middle atmo.sphere. 

An int(M’i‘sting tVaturc of this middU' atmos- 
phere is that its tiMiipm'aturi* in.stead of falling 
with hi‘ight as in the ease* of lowm* atmosjiheiT 
nmiaiiis practi<*ally constant at about 220"K up to 
near about 30 kilometers and then ri.ses u]), mor«- 
or less sharply, to tlu‘ height of approximately 
(io kilonudm's reaching a value* lU’ar about 40 ( 1 ' K. 
After this it falls down with h(*ight till about SO 
kilom(‘ters. tin* rate* of fall being 2S0'’ in 20 kilo 
meters. (Mai'tyn ami Pulley, Proc. Ro\f. See., \ ni 
lo4, ]) 400 , 1931); K. Kidsoii. Qua/. Journ. Ro^. Mcl. 
Soc., Vol (13. p 477, 1937) Another very impoi*taiil 
feature of this mi<ldb* atmospht're* is that il 
embodies tin* “ ozone lay<‘r ’ (2o .">() Km.), tlir 

layer that is responsibb* for the nmioval of tin- 
entire ultraviolet part /(piartz) of tin* s«»lar spr*- 
trum beyomi A3000a. .\g;iin the pheiiomcnon oi 
met<‘or trails is ob.si ’-\ed te) remain coniiiu'd mosi 
l.y to its oiite*!' boreler (about S,") kihn.K te'rs ) . 

There e'xisls a gcin'ral belief that llu‘ r«‘tiini nf 
raelio waves of measurable intensity from this 
ri*gi))n 's highly improbable in any save exeep 
tional conditions, for the higher rat(* of rceoiubina 
tion is likely to prev(*nt tin* mainienanee of sub- 
slantial ionic densities. Oin* of these cycejilioiial 
conditions is found out to be .solar radiation and 
the investigators have many a time detecte«l a 
more or l(‘ss diffuse layi'r of ionization (D-layen 
atalnnit GO Km. (Appleton, Proc. Ro}f. Soc., A. 12l». 
p ooH, 1930; Mitra and Syam, Nature, V'ol. 13’. 
p 953. 1935) forming niily in flaytime and dislini i 
from the sharply bounded £ or £-regions. b*. A 
Watson Watt, A. F. Wilkins and F. (J. Poweii '•! 
the Natioal Physical Labtiratory after observatiems 
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spread over a year from May If).*}.*) claim to have 
established Ihe existence of sustained siratitieil 
eleetrifieation, of siiet) ionization density am! ura- 
diejit as to return radio waves of fr(‘(iueney (>.12 
Me/See at vertical ineidcjiec* at a variety of levels 
{Proc. Roy, Soc., \’ol Itil, p I Si, 19d7) persist i in; 
without substantial ehan**!^ of level for at least 
several days at h<‘i«;hts of S.,"), D.d, !().:{, lO.Tb and 
lit.b kilom(‘t(M’s with reth'ction <*o-effieient of the 
order of 0.7 ^dvin*; measni*abb' echoes up to tin* 
loth ordiM’. Anolluu- apjiarently imb-pendent 
stratific'ation in the miJdb* atmosphere lias b(‘en 
identified by these workers at a height of 4‘) .^O 
Km. with a rellei'tioii eo-eflieient of ()..{ for 


0 Me/See freipieiiey waves. Th(‘y have also de- 
tected the already known D region ni .-nid almv(‘ 
00 kilometei's on many occasions at all times of the 
day both in summer ami in winter. They liav(‘ 
al.so recorded that Ihe ionization does iml fall to 
very low values at niuht and has no seasonal 
variation of lar^e amplitmb'. 

The implication of these results on the stiaie- 
ture and stability of the* middle atmospher<‘ is 
\ery .lireat. but it is as yet too premat ui’e exjieet 
aiiythiim linal and we are hmUini; b)r\var«l to the 
siM'oiid part of the paper by Watseii Watt and eol 
leajiues with ;;reat interest. 

5. C. Hcb. 


The Future and Prospects of Drug Industry in India 

{( h/th'/fffCt/ I'rnm Ptftjr 


awav bip inami bu'lun’ri^ refined ppiidiuls, 'I'liepf are. 
eni le, anli(|iiated distilleries in existeiiee here and 
llun-. but their products are not suitable for phar 
Miaeeiitieal re(|uirenient s. Nearly lU) thousand ])uu'ul-» 
of eealliver oil valued at about It lakhs of rupe« •, 
are animaiiy imported into India and Ihe inipori of 
e.idliver oil (‘ontainiiUJ!; medieinal specialities also 
reaches a substantial figure. Codliver oil is, ol 
course, not availabh* in India, but there are varii lies 
of tlshliver oils, whieh can be utilized instead as sub 


stituhs. Pee( III researi’lu s have riM-ah-d that th • 
Indian (iddi\ir oils an- useful snurees id fat and 
\ilandii, ;eid can eeiiipare Mrv I'axourably i.i midi 
<*iiia] \irlues with iinpnrled eodliver oils. If an 
e.xti ndeil nsi- id' these oils is made, the eeoneiuie tiain 
to the eoimtry will be immense. .Many ollu r e\;mipie'» 
like the aboM* I’an be cited, bid it is iimiei i ssary *o 
mnltiply tium hen*. 

I Tn //'■ ( luttnnn tl) 
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University and Academy News 


National Institute of Sciences of India, ( alcutta 

'riio ScvcMlli ()r«rni;iry (icinTril Merlin^: ul* tlic 
Xiilicmjil lnslitut»‘ of nl* hulia was 1 h*1«{ 

at 2-‘{n pan. on Saturday, the titli Novt iiilM'r, 
in the Tliysics Lccliirc 'riicatre of tin* rniv4‘rsily 
of Delhi. I^'ol*. M. \. Saha. I’re.sidi'iil, was in the 
cliair. 

On the nioli(»n of the rrc.sid<‘nl the rollowin*** 
n‘solntions w<*r«‘ passi'd hy tin* mcelin^', 

(Ij 'rin* Xalicmal institnli* of Si'icfnn* of India 
j>Ia(‘('s on r(‘(‘or<l its doop seiist* of sori‘«»w ainl loss 
t<» S(*i(‘nee owinv to the <leath of Prof. Allx'it 
Itciin, om* of the Honorary Pellows oT the Insti- 
tuU*, which look phna* at Ziiricdi (Hi tin* olst 
Aiuiust, PfdT. 

(iij Xalional Institute of Seieina's of 

India places on reeoial its deep sense of sorrow 
and loss to Sei<‘n(‘(‘ owin^- to the death of the j»reat 
physicist liord ltntherf(dd of .\4‘lson, one of tin* 
Honorary Fellows of the .Xaticmal Institute*, which 
took pho'c on the 201 h (leloher, ItKiT. 

Tin* followinn’ x^nitlemen W(‘re ele(‘ted Ordi- 
nary h'ellows of tin* Jnslilnt<*: 

Pnd'. V. Illiaradwaja, PrineijKd 1>. L. Hhatia. 
Prof, ti, l\*. Paranjpt*, Dr. H. Srinivasa Kao, 
Dr. K. Uan^adhariiia Rao, Ih*of. .M. 1{. Siddi(|i. 
I’rof. A. (\ Sii'car, Dr. Al. I>. Sopjjrkar, HoiPble 
Sir Shah M. Sulaiiiian and Col. C. (\ Temple. 

The following- •'enll(*men were elected Hono- 
rary hk'llows of tin* Institut**: 

Pnd*. Lndwi”' Diels, Sir dames 0. Fra/er, Pnd*. 
Robert Kobins4)n and Dr .M. Wenyon. 

'’idle f(dlowin<»- ])ap<*rs were read: 

i. The OO-Hand of OD by M. Ishaq. 2. 
The Theory of liipiids by T. S. Wheeler. 2. A 
study of tin* b4*havlonr «d‘ smiie common vari<*ties 
4d* siijian-ane in reference to the attack td* b<»rers 
- by H. S. Priithi and F. S. Narayanan. 4. Joule- 
Thomson effei't and adiabatii* changes in dejiener- 
ate ;»as — by 1). S. Kothari. o. The eh4*mieal fixa- 


tion al low t«*m]n*ratnre and its sijrnifieanee 

in a.Lrrieultiiia* by P.. Ramamindhi. fi. The propa 

yalion of ele<'t roma.Liin't ie wav<*s tliroujih tin- 
al m<».*.i)here by Al. .\. Saha and K. P>. Alathur. 7. 
#Ioiile d homson expansion of a non-deii4*nerate j»as 
by P». X. Sri vast a va. 

The National Academy of Sciences, India 

Tin* Ordinary Alonthly Aleetin^ of the National 
A(*ademy of Seienei's. India, was hc'ld in the 
Phy.sii-s Lecture Tln*a1re, Alnii* Colle}.*e liiiildinj^s, 
.Allahabad, on tin* 2Slh Oetolx*!*, I!td7. with Prof. 
I>. SahiM, D.S<‘., Se.D.^ F.C.S., F.R.S.. President of 
the National Aead<*my, in tin* Chaii'. 

'Pin* bdlowin;;- paiH‘i*s were* r<*a<l and 
discusser 1 

1. Prosotoens himalayai n.sp.. a Fro**' trc'imilode 

( Leeithodendriidai*), by P». P. Pande, Zoo- 
logy D<‘pt.. Allahabad Fniv<‘rsily. 

2. On an equation for the A'iseosity of Alixtiires. 

by S. K. Chakrabertly ami P. H. Oanj^nly, 
Science College, Patna. 

Royal Asiatic Society of Bengal, Medical Section 

.\ Meetiii”’ of the .VIc*dieal S(‘etion of the ICiyal 
Asiatic, Soci<*ty 4)f P>enjial was lH*ld in the leetnn- 
theatre of the. Calcutta School of Tropical Aledi- 
eine. on Alonday, tlie Stli November, 1027. 

The following pai)c*rs were read : - 

1. Dr. (i. Panja A Pathogenic strain of staiihy- 

loeoecus eitreiis. 

2. Dr. P. X. Chamihnri -Fxhibiti<in of e]ini<'al 

eases : 

(а) A case of tubaraehnoi<l haemorrhage. 

(б) A case of spiroehaetal jaundice. 

d. Dr. D. N. Roy — On some unknown faetms ia 
the lu'oduction of eggs in flies. 
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Letters to the Editor 


On the Distribution of the Means of a certain 
Bessel Function Population 

S. lias tiiajh* a cfilaiii stmly i>r the ffillnu liit; 

fiincrion (liNtril)Ution : — 

l\r)ilx ( V - r "/ " (n I 

(' 

and 7 0,'* 0,/// 1 

Tills distrilnilioii liisl amsr in a sjaaiali/ial fnini in 
roniiftTinii with till- rt-searcln's of lln‘ ]iii"si*nt author on 
tin* »*\ai't dislrihiition of tlu* O’ slatislirV I liavt* now 
loiind lh<* rlistrihntioii of tin* mean, of a rand«»m sain|»h* 
.ii /I, lioin this jiopnlation. It roim-*’ onl as 

I » I )/•-■/ , 

< .1' ///// I // - I ' 

•' ('.'///(/) ~ * iiiu) ' * V' '"/V I" 

Ih'iico the (listrihuti<»n '»f the mean is oj the same t>l‘‘‘ 
as the mother ])o|)ulatioii. Since the iyi»e III distrilmtioii 
is a special case «»f lh(* <listril)UtIon in\ estimated heie, 
linin's disti ihntiiin of the m<‘an of u landoin sani]»le 
ol n, fiami a tNpe 111 iioptdation, follows as a corollary. 

Statistical I,:dioiahn\, l^:'j t handia lh>se. 

t'alcntt.'i. 

2'» Id.ir 

1. k. C. Hose : “(hi the ICsact Distrihiition and Moment 
( orflieienls of the /V’- statistic." Sankhifa, J (2), I'liO. 


On the Distribution of Fisher’s Taxonomic Co-efficient 
and **Studentized D’ -statistic" 

In a paper published lately in the Annals of ha{fe7iics 
(vol. VII, Part II, September 19^(3 ; pp. ITSISS) under the 
title "The Use of Multiple Measurements in Taxonomic 
iTMblems" R. A. Pisher has obtaiii»‘d by the princi;>le of 
inaximi/.atiou a certain expression biiscd on sample 
r<‘:idings, which he calls the taxonomic coelTicient. whose 
'‘bject is to test, on the hypothesis of a multivariate normal 
pojiiilation, whether two sainjdes can be rca.sonably sii])- 
posed to have been drawn from two pojinlations with the 
■'•one mean.s, it being knowni or assumed that the two popn- 
bitions have the same variances and co- variances. By 
'^■‘•itain general arguments and formal analogies with partial 


r<*gr«*ssiiiii, Idshei makes the distribution of this co-ethiient 
de|)end im liis r <listribiition, and then itioe( < <ls to numm 
f.d appliealions. W'e have iu»w by making iiso t»f b\ 
poispare geoiiietiy and tin* n-ctaiigular <•.» oidinat«-s 
dt-vi-loju'd rarlier by the aiitliois’ bc<‘U able to derive in full 
the s.ampling di.sti ibiiticin of this co-efiicieiit. It is shown 
111 eoiuhisinn that this is in entire agrcrtiifiit with the 
distribution implied in ImsIum’s nunn‘ric;d applicalioiis but 
Hot »*\pli<‘itly gl\( n In the Annals afh'atfi-nics pajiri. 

W luMi tin* sample's lia\i* bem diawn ffnin two .lilleicnl 
Jiopulatioiis. tin* above distribution no longer apjilies. To 
estimate in tliis case tin* disjiai il\ belwei-ii tin* two popiila* 
tioiis ue mak(* ust* of tin* /r.^tatisvie in tin* "Studenti/c*d" 
foiiii* willi wliieh I'isbi'i’s taxonomic eorflicirnt can bi* 
provi*.l to bf formallv identii-al. Dciiotiiig po])uIation value 
of />’ by 1’ , webavi* now obtained the disli ibution of 
/>’ in tin* lot ni 

P p - 

('..n-o (I - />-) •_» (/>=*) •_> 

< ( - ^'"7 ’"'. /), // c (I - 1 /-)^ i/i /)■■). 

\»'lu*n‘ t is tin* bypergeomoli ic function d<*rined in 
Watson’s Hessrl functions^ p. lOP. 

Pullitig I () \\c g(*t the ilistribiilioii of tin* taxonomic 

co-elln ient considered above. 

Statistical I.aboi aloi n , Raj (Jbandra Hose. 

Calcutta. Sainarendra Nalb Rov. 

2'M0..17 

1. P. C, Mabalanobis, R. C. Hose and S. N. Roy ; 
"Noi mali/.alioM of Variatc.s and the nsc of Rectangular Co 
oidinatcs in the Theory of Sampling l)istributif»ns,’’ 
Sankh!fa,S(\), 1-10, 1037. 

2. P. C. Mabalanobis: “On the ( lenerali/ed I Mstama* 
in Statistics " Proc. Nat. inst. Sri. 2 (1), l'» 5.'5. 


Anomaloui Dielectric Constant of Artifi<:ial Ionosphere 

In a recent communication in Natnrr, Miti a and Rov‘ 
have ])ointcd out an iutercsling feature in the ionospheric 
dispersion formula. They have shown that the formula can 
yield values of the dielectric constant of an ioni/.ed im‘dium 
greater, ccpial to, or less than unity depending on tliedegree 


335 


Vot. III. No. 6 
DECEMBER 1937 



LEHERS TO THE EDITOR 


rtf irtiii/atirtii, cf)llisirtii:il fror|UPiU’y Jiinl tlu- \va\r 

fivqiiriu’v. Tlu*v lliert'frtit* hold tlial llu* value of ilielectrii* 
constant of an ioni/ed ^as ^^rratrr than unity whitii has 
heen recorded ])>’ many invesiiiialois foi comparatively 
larj^e ioni/ations is ouIn an outcome of the c<*mplcle lii,- 
persioii formula. The olijcct of this note is twofold, lak- 
iiij^ the ionosphcrii* dispi^rsioii formula we shall tirat deduce 
the ct)Md'.Tions under which llie dielectiic constant mav 
assume values mcaliT or less than unll\ and n frond I ft «e 
shall sht)w tliat in the expeiimenls wheie anomalous valin's 
t»f the dielei*irie constant of an ioni/e<l i;as have hitheito 
heeii ohtaini'd, the ev peiinieiital conditions ai»*Muh tliat 
the dispersion f<»minla alone canni)t 4‘\plaiji the unoinaU 

The disjnTsioii foijimla is _ni\en hy 

, ' 




II I /ji 


, wheie u 


/>!/)■ 


l.rAe 


- and 

IhliV 

I rAV * 


/*- 


1 f 


.ind 


Separatiiii* the real and imar;in.M\ pasts we ha\e 

c-7.' 

n‘ 

'Irl: 

r 


'J'hns 


r-/r 


I 


/»■ 


1 


( 1 ) 

... (J) 

-.rt that 


/<*= 1 aci'osdinj* as 


c‘/ ‘ I '<1 


r 


o- i /i- 


wliii’li is i‘<|ni\alent to the (‘ondition 


/'■ 


a- I-,;- 


hut as 


// /■ 

r 

the condition reiluees to — 


T /'“)■’ 


fiom (l?) 


-A if 


|(o- I 1'^’“ 


nr I ! o I 

fl‘ t-/^“ 


•J.t 


Now the left-haml side is .always a prop<’r fr.aetion 

therefore if I ! '* i 1 
we liave tln*n .always 

If however '*1 *.?"» 

1 will reijuire the fnither condition 


li- 

rT-' 1 it- 


I I '• I I 


f .f. 


It' 

n- I /T- 


■ 1 1 " I 


ii-r 


1 - 4 I « I ■ 


Calling "/'ll* ' 1 .V' A 

ui- liave I I '< I „ and we can say tliat if 

III /In -J's^Ke, A' 

/< always Ivhs tliaii unite, wlieieai; if ]i . "J'S X III*) A 
1 " 1 .. ■•J'l, for we iniist li.u,- 

/'u" I'' 

if., the eoHi.^ioiial lieijuen(;\ must evieed the 
/>'“ 

' I'>i' !>' 

'I hiis the equations show that e\ en \\ hen ‘J’ls; 1()*^ ^ 

theie exists a ciilical eoHisiimal ficMpuMU N which has to In 
ev 4‘ut»‘d if ;/ iiS to he eu-iicj- than unit\. 

In the experiments riaamtly performed in this lal)oi . iIdm . 
w'e ha\<* ohtaiiu’d ri'snils similai t4» those ol Xpph'ton .uni 
Childs’ I'sinr; :i wavelength ol ahont ^‘S nielies llie di 
electric cnnstaiil of ioni/ed air in a disi-haroe tiihi> ha-, hi'cn 



Fic.t. 

frtuinl to he less tli.aii unity when the tuh«‘ ( urrent is snia'i 
As the ioni/.ation is increased hy increasinj» the ttihe i ni K-n!, 
the dielectric constant at fust ilecreases and llicn incteas. - 
i»radually and even hccomes |;reater titan unit\. J'' 
maximum electron density A' in our discharj;»e tithe has he i' 
within 10’. Taking; A’— 10’, lO", we ^ct | a | ■ ^ 
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Tliis is much jijrc.itcr tli.'Jii '^.S sn ih.'jl the ilidcclric constMtit 
must hr Irss than uiiity. ICv<‘ii \vh» n 10', | « 1 " 
and tlic diclccliic cmi lant slioiild he throrctlcally less than 
unity. 

In lij;. 1 are |>lntlt d the ralmlalrd vahu's of the <lirlee- 
tric c(»iistanls ai;.iimit /." hn‘ somr ilrlinilr \ iliu's of N and r 
Curvi* (2) N\ hich coi rr>)Miinls to Mill a atnl liam i jrr’s" rviirii 
niriilal roiiilititui^ sliows a lurninii jioini at /. ol tiu* 
iMihr ‘Oyy is of lh(‘ ordiM SXIO’ -vn. rm.) whifh ;s 

very diUtirtit from llir e\ ja'rininilal \alu(‘/ nf th»- 
orclrr »i/« ( /.'■' is of tin* oidt r lllxln- si|. ein ) In lin* 

rN|iri iinrnl‘. nf \li Iniani and oiu*' of ns, \\hi«‘l« lia\r 
hri-n itrenlK ri-i»cah'd lo a dillrrrnt inetliod, the tninlii” 
point appeals unmistaU ;.l il\ at /. id tin* oide/ I »i 
is of till' order |■(..Xlo■• sip cm.). 1‘urve (I) which 
approxiinaleh' corrc-ponih. to mir expi-rnneiital con- 
dilions shows liowcM'i tlic tUMiliip jioinl ;il /. of the 
Older 12//I, (/.- is of ihe Older lIXd''"'M cm.). It a]»pears 
eNtreiiM ly douhtlnl if the tli'posiiion of the cNpcrl 
mental ajip.’ir.ilits can accoiinl lor such wide disetepanev 
It is lllvclv that tlii'ie mils' he sonic other e\pl.iii.'iiion 
of these expetiinenl.d le'Ull.s 

IMusics I )ep;n lim-iit, 

iJ.iec.'i rniveisiiy. S N Hose. 

1 1.1 I . w S. K. Khar tyir. 

Mitra *S: Kov, Xofxrr, /'A aSH. 

\ \ppleton Jv Chillis, Phil. Mag. 10. Dec, I'Litl. 

V Miira ilaneijee, Satarv. l.Ul, sl2. lOis. 

1. Im.iin Khasteir. Ph 'tl. Mag Ma\ 1'*C and hid. -htur. 
of PhifsicK. Uf, I’.'irt 1, 1 eh, I'ldr 


Role of Argon in the Emission of Swan Bands 

Merton and many others' li.iye studied tin* ellect of 
inert eases on spectra of inanv clem ‘nt.irs sidistanees, such 
:is h\diooi>n, eaihoii. o\veen and othejs. johnson and 
L'anieron * hayi' inyestie.'ited the ellect of .noon and other 
inert c;ises on cei lain molccnlai spectra of carhon, ow eon 
and sn 1 ]))inr. |(diiisoM'* in ;i later jeipcr has shown that in a 
(liscliarei* tnhe of ‘II’ ji.ittein, iMviii” .i i Jipillaix and lilted 
'\.tli eaihon elcetrodes, eiren li.L;ht o| exeeplional hrilliame 
is entitled, if the lidie he Idled w Itli ari,ton at a pressure ot 
■ihoul ,i() nuns. This sta^e eoiiies oiil\ w lien the tiihe is in 
the riuht conditions. In tlii-. eonneetion, Jolinson and 
Tawde^ lta\e indleated the ncce*-.sity of slndyinc ijiianlila 
■oely the a]>pear;inec of Sw.an s^stem with v.iiioiis 
■)'!e-.sines of aiijon hi a disi'h.irv;e tnhe. \ detaileil and 
'‘Stemalic slnd\ of the intens ty eh.m^es th.al take jilaee 
•" the Swan haml.s timler the influence of ainoii wa.s, there- 


fore. nmlertaken, and maiiv inlerestinj» results hax e been 
obtained. 

The hands sxslein \x as exeiled in dischare.e tubes ot the 
Usual ‘ir ixjie hayiiu* one c.iihon eh ctroi’e and one alumi- 
nium clect'ode, loi^elher with the side hiilhs coiU.mmIii^ 
l’,()j .and K<lH. l*or leinoxal oi admission of li\ ili oj,»e:i, 
a palladium ie},;ul.itoi was attaeheil to the tiilie*'. The 
hands sxsteni xx.is phototji.iphed liom the disehaim* tubes 
Idled XX ilh arcoii at lix e dilh'i mil jii'essiii es (nanu'ly, in, IS, 
20, .Ts, .iiiil .in nuns), I nleie ities ol the hands oi V', (Swan) 
sxstem xxme me.ismed hx methods ot jiliotorpaphie ]»hoto 
mc|i\ iisini; .i I'.ilihi .ited step sld .in<i .i siMiidard lamp. 
The expel imeill.al leclmi(|ne has hecn Inllx deseiilted 
h\ x.iiions aulhois, sneh .is Ki-.id and John.'.oii,'^ 
Johnson and T.iwile* .ainl lohiisnii .iiid I iiinst.an*'. 

Kesults of expenments for all the lix e jn essui es show 
lh.it liie dist 1 ihnt ion of intmisiix in tin* .Swan .sxstem is 
cener.dlx in .i.;icemmit wilh ihe m.aill pledictiniis of the 
l-hanek London I’lineiple. Umax he noted ill. it intmisitv 
x.ilncs for Is iMiiis piessiiie eoircspoiid yei y marly to the 
av .lit ihle dat.i ol John-.on and l awdc'. The lesiills Inrlher 
en.ihled Us to i»et the ei itn al pi essni e i.»l .ii ^oii .is 2- x inms 
for the appe.'ii.imi* of (II, (1) hand of the sxstem xvliieli is the 
slion;*esi. 'rhi.s picssiiie i: snHieienllx hich loi the jmr 
poses of expl.inallon of the ].o.ssihle e\i itaiioii of C, on ihe 
b.isis ol Klein and Ko-vsi-hnid's tlii oi \ ol ind.istle collisions 
of -%<*coiid k.nd. 

We max jiostitlate th(‘ existmiei* of C( ) as Ihe initial 
prodiu’t in the disehai'ce tnhe, which, aftei tin* introduetioii 
of aiijon oas, is di.ssoei.iled li\ the- eiiei ^x of the exeiteil 
.'•I *4011 atoms into o\X M,.n :iiid excess of C, moli'miles, the 
latte, of which .ire excileil simiillaneonslx . A ^ood d<*al of 
exidenee has been Inniislnd from the experiments in 
support ol this xiew which it is im|)o.ssil,le to reeoid in this 
short note, \nolher intcM--tiii4 ic'sull is the i-oiiieideiice 
of the minimum waxelen^lli ol the jiositions ot tin- iiiten- 
sitx eeiitres ol tile sx stem w il h the maximum of tempera- 
tures ealeul.iled on the basis ol M.ixwell I'.oli/manii distii- 
hiuion i>f \ ihr.'ilioiial eiii i MX- .nid this eoi i espoinis to about 
I S inni.s, pH ssiire of ar;M'n T In sc and m.iiiy other inlerest- 
inj; peculiarities h.ive hern found and will he ^iven in 
details in a sepaiate p.iper to he imlillshed elsewhere. 

Ro\al liisliliite of Seimn e, 

rhysics I.ahoratoiN, ]‘^ Taxxde. 

r.omhav. D. I). De.sai. 

21.U >r 

1. Merlon, yVo. A'n/y. (A) US. 22^. l'>2n, Pro. Poij. 

Sor., (A) .%■. JS2. rCi) 

2. Johnson vS: Canieion, Pnt. Po>\ Sic., f.y) to.i. kS\ iu23. 

?. Johnson, PhU. I\) J'26, Ixy 

4, Johnson \ Taxvde. /Vo, Hoy. Sor , (.\) xTS, l‘}32. 

-S. Real! iS: Jolinson, /Vu7. Mag, 11, 11x2, I'MI. 
b, Johnson Dunstan. I*h 'd. Mag. * la, 172, l'>.>.v 
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Radio Fadeouti and Solar Eruptions 

In several coimiiunic-ations reeently j)n1»HsluMl in Nature 
and some American joiirn:ils, it lias Ijccii pointed out by 
several observers* that the radio fiuleoiits which occur 
simultaneously with the r)eL'nrrence of brii»lit h\droi»en Tbi_ 
emission in the sun are due to the increas<- of «d<Ttroii or 
ion-density below’ th(’ A’ layer. This ouiclusion is n ached 
from the observations that the eclioes whicli are received 
from 7? and f’-re.i^lons retain llie s iiiie ch.ii-a<-tei istlc^ befoie 
and after the fadeont, wliich in:n last fiom a \er\ slu»rt time 
to about an hour. 

It h s also been o)).s<T\ed that the /'’ la\er ecln»es <lis 
appear foi a joiij^er liine than the /v' la\ ei t*cln»es. Slm-e 
the /Maver absorption is I'oinnion to both ei Imes. tlie longer 
disappeai aiu’e <d' hJ eclloe^. must In* due to ia‘llc(*tioii rif A/ 
echoes belli very weak. This als«i supports the view tliat 
there is no iiiciease in AMa>m- ioni/atiou. U is tli<‘teb»re 
claimed that the s<dar eruption rd’ ultraviolet lieht is 
absfirbel otilv below theA.'h'uer. Re|rardin.!i the intensity 
of tliese ulttaviolel radiations coniini; from the sun MeNlsh* 
has pointed out that they mav be nim h untie intense than 
ibose proilueed if thesuuwerea black boil\ radiator at a 
temperature between (.000® and 'JUdO® K and that durinj. 
these <'hromosph**ri<’ eiuplions, Ine iiiteiislly ol <*mission <d 
the ultiiwiolel lljtbt heeotnes four to live limes hij4;h(M. 

It may be poInte<l out that about two veais a^o IVnI. 
M. N. Saha" in a discussion put foiwaid tin* view that the 
ireiieiallv accepted id a lliat the suii radiates like a hlack- 
hody is absolutely arbitrary aud that certain ])heuomcna, 
as for example the occurrence of nJ lines in the eveniiij; 
and inoniiii,!' Hash (as observed bv Sliiiher), I’learlv point 
out that the sun’s emi.ssion in the uUiaviolel is eutirdv 
dilTerent. Ilis e.xai-l words ahout the emissif.n of the sun in 
the ultraviolet arc 

“It apjicars prohahle that if we ..hserve the solar spectrum 
outside the atnu)S])hcrc of tin* eaith, it will appear very 
much like tliose of planetary nchalae coiiipo.sc<l of faint 
continuous hacki^ronnd superlmiJO.setl with bright eniksion 
lines of II, He, lie ■ , b’e * , I'e • +• and other elements which 
are abundant in the atmosphere of the sun and which 
have their resonance lines in this ])art of the sjieclrum.” 

Most of the previous ohseivers liave tried to connect the 
radio fadeoiits with the emission of Ha line, but it shoidd 
be remembered that the Ha lioo is oiilv indicative of the 
condition of'j;encial dislnihaiiee in the suii. When !!« is 
found in emission, it mu.si be accompanied and certainly 
exceeded in intensity by the lines of He, IIe+, 1*V ' , l e I 
etc. The action which is produced in the earth's atino.sphere 
will be due to the combined elTcrt of all these ultraviolet 
railiation. 


There seems to be a tendency to ascribe the formation 
of extra ions or electrons in the /7-Iayer to Lq and l./f line.s* 
As Prof. Saha^ i>ointed out, neither I,a nor Lft can directly 
produce any ionization of the (), and N, molecules, because 
the lowest I. \\ of (.), (12 2 e Volts) and N, (IS.S e-volt.s) are 
larjrer than the eiier^M rontained in ( 1 0-1 5e- Volts) ami 
Lfi (12.0.1 e \ oils). It is only bp and other hiji^her inemhers 
of the Lyman .series which can ionize (), to (), I . In tlie 
case of bp, there is a emtain amount of experimental evi- 
deiiei**^ (thi)n;;h not (juile delinite) that it is more .sttont'ly 
absotiitMl Ijy iiijii, other lines of byman series. None of 
these lines ba^b/f will he able to ionize Nj, they can 
only excite oxys^en and nitioj[^i*n molecules to hij^her ex- 
cited states of ilic neutral molecule, Probahly when excited 
bv b'< and bp'/ b, «*\cited may j.rcdissoeiate into atoms 
but it is not coricet to say as Marlyn ami Munro' express in 
a r<‘ct*iit uoti* to Nature that siicli excited atoms in collision 
with others will produce ioiii/atioii. \ laroe number id 
coHlsloiis \\ hi(‘h iimloublt'dly l;ike place* iii the />-re^ion 
mav Liive il-.c to dissoiaaiioii. hut colHsioti.s, unless vetv 
violent, an* not known to produce attv ioni/atioii. The 
exiteine ullravioh’t emission lines i.f He* and He , if ihev aic 
emittevl during.; the solar ei iij.tiou can on enci i.\ coiisidi'r.i 

tioie, ioiii/c \ to \ 

.Ml this discussion shows tlie nccce*-slly of (1) obtaluiiiM 
the sp(‘clrum of the sun in the ultraviolet from the top ol 
the stralospher«* • (2) and of carrviui; out well planned ex 
periments ill lluf region /=i()0 on tlie pholrjcliemii id 
e(|V*(i of lli'ht oil 0, and N^ as «*mphasi/<‘d l.y Prof, M, 
Saha. 

Plivsii's I)(‘])nrtim’iit, R. \ Rai 

Allahabad rnivcrsiiv. R. }{. Matlim 

.Minbabad. 
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On a Certain Point in the Proof of Kirchoff*f Law 
(A reply) 

My note’ under the above heading has been criticl/* '’ 
by Mr Duleh Sinha Kothari* in a letter under the liih‘ 
"On the analytical ])roof of KirchotPs baw”. The poiu* 
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rallied by him are answered below. (1) Kirchod'a Law 
propounds a certain relation between the emission and 
.ibiorption coeffccients of a body at any given temperature, 
vliercas the proposition proved in my note was that the 
, iiii.ssion coefTecient of tlie wall of uniform temperature 
,>nclosure is the same at any point inside it irrespective of 
!lie position of the point with respect to the enclosure wall : 
ihis indeed is very different form Kirchoff’s Law, and it is 
striinge t'lat Mr K itliari, who his quoted my proposition 
ill right, should confuse the same with a statement of 
Kirclioff’s Law. which it was never my intention t«» prove 
.malytically or otherwise. (2) Mr Kothari is under the 
niipressioii that the equilibrium condition as postulated in 
iny iiote,e.j 7 ., the * heat received” hy the small accessory 
pliere is tlie same for all ])n.sitions, is\\rong. It seems, 
that having too niiicli concentrated on the term “heat 
ri ecivcMl”. he has failed to pay any heed to its niatho niatica 

.Iclinition, 6./;., -Wn \ h > v ^ ill '• now this d • 

M the absorption cocffiocicnt of a portion of the sphere, 
.iiid to the emission coeffecient id the cnclosiiie wall. 

licfire the expression leally stands for what Mr Kothari 
to be “heat absorbed", llis criticism would 
I'crliaps have .some justification if for 'heat received* 

I In’ expression ^ C (total radiation incident 

».ii tlio sphere) had l»ecn snbstitutcfl for IV/.v j ii^ til. 

S.i llis dilatation on the point is quite out of place, (i) 
Mimite points were omitted since they are adequately dealt 
vsith in textbooks. However to avoid misunderstanding 
"lical received” may, if desired, bo replaced by “radiation 
:ib‘f)rbed” and alsj) the chain of arguments may be 
1 Miiipleted thus : for equilibrium, the enclosure wall and 
the small sphere eventually attain the same teiiiperature ; 

total emission from the sphere de]>ends only on its 
tfiiipcratnre and not on its position ; also, .since einis.sion 
rttid absorption must balance for the steady state of eqiiili' 
htiniii, it follows that the amount of radiation absorbed 
'vliicli is also the amount emitted must be the same for all 
]K)sitioiis (rotations or translations ; in my note only rota- 
lion has been considered, since that was sufficient for the 
purpose). 


SynthMif of 2— PhonylcyelopontoDOiiO'-S— carboxylk 
acid and 2— Pkanylcyclohaxanone— 3— carboxylic acid. 

A general scheme for the s\nlhesis of mono, hi, tri, and 
polynuclear coiiipoiinds is describeii in the present coiiiuiu- 
iiicatioii. 

The method coiisi.sls in condensing the sodium salt of 
the <licyan» ester (I) foriiie<l by the condensation of an 
aldehyde-cyanohydrin with ethyl sodiocyanoacetate with a 
monohalogeiiated ester to yield the product (II). This on 
hydrolysis gives an acid, the triethyl ester (III) of which, 
when subjected to the Dieckiiiaiin condensation, yields the 
product (IV). The ester (IV) on hydrolysis yields a keto- 
acid (V'). By the Cleiiimetiseti reduction of the keto-acid 
(V) and subsequent ring closure or by effecting the ring 
closure of the reduction product obtained after Keform- 
atsky’s reaction on the ester of the keto acid fV) it will he 
possible to get other tyjies of ring system. 


^r« 

\ COOC.H, 


(I) 


<CMtU — COUC.H, 


(H) 


COUC.M, 

R /h 

SeociHf 

(III) 


COOC.M, 

1 

Coon 

I 

CM , 

..HQ'"-’"' 


c<> :H-cooc,ir, 

CO CM. 

(IV) 

(V) 


(/^ is either alkyl or other ring system and n may have 
values ranging from 1 to 


lu'li.ni Association for the 
f ultivaiion of .Science, 

Rowhazar Street, B. Mukhopadhyay. 

SCIENCK AND CUI.TITRK, 2, 118,1937 
Ibid. 4, 245, 1937. 


For the synthesis of 2-phenylcyclopcntanonc-3-carboxy- 
lic acid the following method has been adopted. Denzalde- 
hydc-cyanohydrin is allowed to react w’ith the sodiiiiii salt 
of ethyl cyanoacctatc when the sodium derivative of ethyl- 
«^-dicyano-/j-phenylpropionate (I, R=C,H, tn.p. 64® C.) is 
obtained. It is allowed to react with ethyl jj-chloropro- 
pioiiate when diethyl « /f-dicyaiio-a-phenyl.n-butane-/fd^ 
dicarbxoylate (II, R = C 4 H,, n-2 b. p. 218*-22*/5 mm.) is 
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obtained. When hydrolysed by means of sulphuric acid 
(70%) the latter yields an arid (tii.p. U)b®C), the trielbyl 
ester (III, R=C,H„ m= 2 b. p. 1S7®-9r/S min.) of which 
underj;ocs cyrii/.atioii in presence of sodium in ben/.ene to 
yield dif?thyl-2 i)henvlcyclo])eiUanone-.i, 5, dicarboxylatc (IV, 
R=C,H„ w=2 I) i>. Thise stcr on hydro- 

lysis yields llie retpiired 2-plienylryclopcntanont-J-carboxy- 
lir acid (V, R--C,IIj, n—2 m p. 1 H®-15®C). Soinicarba/.oiie 
of the ethyl ester (m p. 17i®C) 

Similary 2 plienylcvelohe.vaiione .1 carboxylic acid (V, 
K—CgHj,, v-~^) has been obiaiiie«l from benr.aldchyde- 
cyanohydiifi and ethyl hromobutyrate. 

Ifivestij^atioM* are in proj^ress with other ririR systems. 

In coiuYision, the aiitli«»i’s re.spectfiil thanks arc due to 
Professors Sir I*. C Ray and f)r P. C. Mitter for their kind 
interests in the work. The aiitlior is iinlebted to Mr S. Saha 
for inicroanalysis. 

Sir P. C. Ray I'ellow's Laboratory, 

1 .niversity Collej^e of Soieiiee and TechtK)lo;.»y, 

Calcutta. 

1 7. 1 1 .37 Nripendra Nath Chatterjcc. 


A Query on the Cuddapahs of Penininlar India 

Accor<linj; to Dr A. M. Heron of the (leological Survey 
of India, the Delhis of Rajpntaiia are liighly disturbed and 
metaniorphnsed forms of the Cu«ldaj)ahs, This finds a 
support In tin* gradual increase of deformation ainl nicta- 
morpliism noticed in certain Cuddapahs rocks < f the Central 
Provinces. The stage.s of evolution are indicated by the 
following ; — 

(1) The south eastern boniidArv of the large exposure 
of the Cinblapahs niai)|)cd by II. Crookshank in the Raster 
*Stale ‘‘i.s a stiaiglit line, and llierefore’Iprobably a fault”. 
The western ))Ounilary is irregular and is therefore said to 
approximate to a boundary of depo.sition.’ 

(2) Tlie small exfm.sures of the Cud<lapahs newly dis- 
covered hy Dr P. K. Ghosh in the Raster Slate ‘‘forming 
as they do hut a thin covering on the underlying Archaeans, 
while generally sharing in the.se vertical movements, .show 
in ])laces, particularly near the marginal regions of the 
basin.s, the usual signs of disturbances produced by lateral 
compression, folding, crumpling and sehislosity”.* 

(3) As regards the Cud<lapahs (previously believed to be 
Vindhyan.s) of Chhatlisgarh, If. 11. Medlicott, W. King, 

and P. N. Hose record inn iinierable signs of great distur- 
bance williin and around this vast expo.sure. The distur- 
bance has been .so great that the relation between these 
rocks and the associated Chilpi beds (.Archaean) ia up till 
now ail un.setllcd problem as indicated by the following 

sblBNCE A 
CULTURE 


“The relation between the Chilpi scries and the proper 
Chbattisgarb Vindhyans must therefore still remain an” open 
question and though I have tried as well as I could to put 
forwartl some of the points which strike me as not satisfy- 
ing the requirements of Mr Medlicott’s suggestion, it will 
he safer to hold by it until better evidence can be accii- 
niulated”.* 

These remarks by King also suggest that a proper study 
of the exposure of the Clihatli.sgarh Cuddapahs (or Vin- 
dhyans) alone is likely to .show' quite a large number of the 
various stages of evolution of highly .schistose Cuddapahs 
from unmetaiiiorphnscd varieties. 

The recognition of this gradual transformation of uniiieta 
morphosod Cuddapahs (in Mr Crookshaiik’s area) to their 
highly metarnorpho.sed representatives (in Rajputnna) 
leaves one to wonder about Sir Lewis Permor’s contention 
to include the Dellii.s among the ‘Ane eiit Schi.sto.se J'ornia- 
lion of Peninsular India’, just to maintain ‘cons stency’* 

The various degrees of alteration that the Cuddapahs 
of the Central Provinces and Rajputana have suffered, raise 
two diffieuU questions : 

(1) How to di.stingui.sli between the Delhis and other 
metaniorphic equivalents of the Cuddapahs from the 
Cuddapahs proper ? 

(2) How to distingiii.sh between the metaniorphic fai ic.s 
of the Cuddapahs (like the Delhis) from that portion of tlif* 
‘Ancient Schistose Pormation of India' which is equivalent 
to the Delhis according to vSir Lewis’ cla.s.sificalion 

Again, the deformation of the margins of the Cmhlapahs 
is likely to involve portion.s of the rocks adjacent to 
them. When the Cuddapahs or the adjacent locks 
are very .soft or brittle deformation is very likely to 
caii.se intimate intermixtures. How are the true Cinlda 
pahs to be distinguishe<l from their crushed as.sociafvs 
in such instances ? And what will be the nature of tie* 
boundary which is likely to develop the Cuddapahs and 
their associates ? 

The (ieological Survey of India is engaged in mapping 
numerous exposures of Cuddapahs in the Central Provinces 
and have nlaccd the Indian Geologists in general iind( r :i 
deep <lel)t of gratitude for some of the inap.s of the.M* are.is, 
mapped with sediiloij.s care. Will the (Geological Surv( > 
of India add to their kindness hy coming forward with 
their views regarding the .solution of the (jueslions raised i* 

3C, Jainuddi Mistri I#ane, 

Alipore, Calcutta. D. N. Muklierji 

13,11.37 

1. N. /., 7/. Part I, p. 87. 

2. Rec. G, S. 7/, I’art I, p. .S‘). 

.3, W. King. Rec. G. S. T. IS, Part 4. 

4. Mem. G. S. /. 70, Part 1, p. 5. 
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SIR CHA.MMIA miSR 

ff't' mourn, xcUh fhr xchole of India and thr rnlirr 
scionlilic xcoi'ld, the. loss of Sir ,1 afjadish Chandra Hosr. 
xi'ho died on the iJdrd \oi'e?nher Iasi at the atfc of lit. 
The eminence Sir Jatfadish Chandra attained as a 
scientist is xcell kntnen. lie xcas one of those /Vvr 
distinffuished Indians xcho hore the torch of hntne 
ledffe xchererer the// xvent, and xcon for India and 
her culture and tradition hiffh esteem from all parts 
of the tcorld. fCe publish belozc an account of the 
life and xvork of Sir .latjadish Chandra, xcritten l)(f one 
who was in close contact xcith him for a lomj time. 

editor, S( iKNc i<; ik Cri/n hk. 
Early Life and Education 

Sir Jajj!;a(lish Cliaiulra Rosv was horn (m tiu- .‘iOtli 
November, 1S58, in the villaj>’e of Hariklial in Hikram 
pur. His early (lays were spent in Faridpur, where 
his father Itha^awaii ( haiulra Hose was posled as 
a Deputy C’olleelor, 'I’he latter was a man of broad 
sympathies and of f>;erierous impulses, wim ruined 
himself by his attempts to establish swadeshi iiulns- 
Iries. Hose was fortunate in having* sneh a wise and 
symj)atlielie father to ^uide him throui!:h his youth. 
His sehool edueation was eompleted in the St. Xavier's 
School; he also j>;raduated from the same eollej^e and 
it was the inihieiiee of Father La font whieh anuist d 
his interest in exj)erimental physies. Like the latter, 
Hose developed later a tiair for experimental <lemoiis- 
Iration which has kept many audieiiees in rapt atlen 
lion. When it wa.s decided to send him to Kurland, it 
was his mother who sold her jewels to find money lor 
her son’s education, Owinj; to his father's objt‘elio*i 
to I.C.S., Hose decided to study medicine in London. 
Hut after rcj)eated attacks of malarial fever contracted 
ifi Assam prior to his departure for England, Bose 
had to give up the study of Medicine ami lake up 
Natural Science. He joined the Christ’s College in 
('ambridge, and later took his degree Ixdli in (’am 
bridge and in Ix)ndon, with physics, chemistry ami 
botany. He had for his teachers Rayleigh, Livieng. 


Michael Foster, Francis Darwin, I)(‘war and Vines. 
'I’hey all reniemberid and helped him in many ways 
when Ihese later returmal li» England to demonstrate 
the re'sidls of his invest igatieins. 

Appointed Professor of Physics 

Oil his relnrn to India, and on the recommendation 
i>f Lord Hipon, he was given a ])rof<ssorship in 
physics in the Fri'sideney College, Calcutta, in 1S85. 
Ht“ing an Indian he was entitled to two-thirds salary 
and as iht‘ post was an officiating one, oidy half of 
llial was offered to him. He ])rott‘sled against this 
invidious dislim*lion, and for three years, refusial to 
accept the ehtapies by whieh he was jiaiil his salary. 
He niarrieil in LSS7 the stvond danghter of Mr. 
Diirganiohan Das, and tin' golden anniversary of their 
wedding was ^•elebraled on the ti7th January, 19117. 
Owing to the great financial ditfieulties under whieh 
the newly niarrit'd eoujih* started their life, they had 
to take a house in Chand(‘rnagore on the bank of the. 
river, from wheia* be used to cross over everyday to 
X'liliali in a rowing boat, wliieli used to be taken back 
by bis wife. Later in the early nineties be came 
down to Cahulln and shared a house with a large* 
(‘ompoimd in Meelniaba/ar Street with his brotlierin- 
lavv. Dr M. .M. Hose. At this [)erio(i he was engaged 
in various seieiilifie hobbies ineluding pholograpby 
and sound recording. One of the earliest models of 
E<list>n\ ])lM>nograph was ]vureliased by Ibe C’ollege, 
and Hose was engaged in exjierimeiils in voiee- 
reetirding and reprodiietion. His work in ])hoto 
graphy w.hs taken up very seri»insly. In the lawn of 
his housi* a studio was creeled and ((piipped. He 
ifcsed to go out on tiholographie exenrsions during the 
vacations. In the midst uf all these seieiititie reeren- 
tioiis he had kept up his interests in Hertz’s «*xperi- 
ments with elect ro-magnetie wavi s, which luid eau.sed a 
great amount of interest in seieiititie circles while he. 
was in England. On his Ihirty-^tifth birthday in 
November lSi)!i he decided s(‘ri(msly to devote him- 
.self to the pursuit of new knowledge and from the 
follow’ing year he began to publish his series of 
investigations on the properties of electric waves. 
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Bose's Contributions to Physics 

Boso’s resfarrlifs fall under three main groups. 
In the first period he deals with the j)ropertie.s of 
electric waves, in the second period with the study 
of the similarity in behaviour under the aetion of 
electric wa\cs of a class of substances used for detect- 
inff sueh waves to that shown by living? tissues. Thus 
he was led to the investif<ation of the resp<inses in 
the living and the non-livin<i:. h'roni such studies he 
was finally led to investigate the jdiysicdogical pro- 
perties of plant tissues and to demonstraU* the simi 
larity of their behaviour to that of animal tissues. 

In course of his eleetrie w;i\<* investigations, lie 
devised an extr^nudy <*onipaet form of g<‘nerator of 
elect romagnelie waves, in which the radiating source 
was a sparking system between ]datini/(‘d s]>hen‘s. 
which emitted radiation of wavelength of about 5 mm., 
which is about the limit of the shortest eleelromagnelie 
waves which have so far been investigated. For his 
detecting system lie used an improved form of coherer, 
which had been first used by Hranly of I^nris. 'I'he 
detailed study of the aetion of the coherer provetl 
later on to be the turning point in Hose’s career, 
'rile form <if eohenT first used by him <*onsisted of a 
number of fine wire spiral springs, adjusted with a 
large number of regular eontaets fixed in ebonite and 
under the control of a spring. A weak current flows 
through this, to uhieh the spirals otfer appreciable 
resistance. On the impact of eleetrie radiation, this 
resistance is appreciably diminished resulting in a 
large delleetion in a galvanometer which is used in the 
circuit as an indicating instrument. In the early 
forms of the I'oherer it was necessary Iti tap the. latter 
in order to bring it hack to its initial condition of high 
resistance. Bose later on devised other forms of 
coherer which showed the property of automatic re- 
covery. The apparatus thus built up was not only 
very sensitive, and regular in behaviour, but also very 
neat and compact ; it could be packed up in a small 
suit-ease and j)iit up on the end of a writing table. 
Compared to the large wavelength of the radiation 
used hy Hertz and f.odge, which recpiired the u.se of 
optical apparatus of enormous dimensions, and wliieh 
gave rise to uneontrollahle stray radiations hy ditt’rae- 
lion elfeets, Bose’s small and eonipaet apparatus at 
once attracted the appreciative attention of the leading 


European physicists, and its description appeared in 
text-books by Poincare, in an Encyclopedia Britannica 
article by Sir J. J. Thomson, and in other text-books. 
With this a[)paratus Bose was able to demonstrate 
the optical properties of reflection, refraction, selec- 
tive absorption, interference, double refraction and 
))olarixatioTi, rotation of the plane of polarization, etc. 
It was found that a crystal named Nemalite produced 
polarizes! eleetrie waves hy selective absorption in tlie 
same way as Tourmaline does for visible light waves. 
Since the eleetrie waves due to tlie comparatively 
large wavelengths wt‘re not much absorbed by air 
ami other media, Bose investigated the possibility of 
sending eleetrie signals through long distances, and 
in a lecture i‘X]u*riment sliow'ed the possibility of send- 
ing signals over a distance of 75 feel W'ith three solid 
walls intervening, 'riiose who visited Bose in his 
house in Convent Road at this time could have seen him 
w<»rking with his ap))aralu.s for sending and receiving 
signals in the shape of the ringing of hells. In this 
apparatus flat metal discs on tlie top of long rods 
W(‘re used for facilitating the sending and receiving 
of signals, anticipating in some ways tlie use of 
antentUK' in radio-telegraphy. 'I’he jiossihility of 
prn«*tioal application of this method of sending signals 
did not escape the attention of interested people, wlwii 
Hose in 18P5 went to Kngland and demonstrated to 
various l<*arned smmties lh<* re.sidis ohtaiiusl hy the 
apparatus const riieted hy him. If one takes into 
eon.sideration the very limited work.sho}) fneililies 
available in the Presidency Col lege Falioratory in those 
days, one can well understand the chorus of a})prreia 
tion with which distingnislu'd jihysieists in Fiuropr 
like Kelvin, Hayleigh, i'hoinson, Lippman, ('oriiu. 
Poincare, Warburg, Quincke, and others received this 
demonstration. 

Investig=\lion of the Response in the Non-living 

W’e come now to tht’ second })priod of his physical 
researches, which led to his postulation of the siraiinri 
ly in the response in the living and in the non-living. 

In course of investigating the .suitability of 
difffjrent materials as coherer, he found that in eerlain 
class of substances the incidence of electric waves lend 
to a diminution of contact resistances, while in another 
elas.s of substances of which potassium and arseiiie 
are representatives, an increase in electric resistance 
under radiation was observed. For this type of effeet 
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III* inlrodiu-t'd tlir \n»nl Klcrlrir riiiuh or C'ontaft 
Srnsitiv(MU‘ss in |)n*fVn*iu-«‘ tf» IIk- word then used 
■ Colu reiii-i- He further notieed timt this eontaet 
sensitiveness diiniiiishtd with eonstant impaet of 
radiation and it reeov«*red its previous stiisitivc'iiess 
if tile reeeiver was laid aside for a lon^ tiiiir. In 
fael all the eharaeteristies of the behaviour of a livinff 
tissue under stimulation was exhihitt'd. In the <'oursi‘ 
of his iincst i^ations he. aliont the same liriir with 
ShelfonI Hidwell, invest ijfated the « hanj4:e of «*ondue 
ti\ity of Selenium eell under the aetion <if li^ht. I'lm 
work of these two pioneers in this fie ld is mentioned 
in a re'peirt which ap])e'are*<l ree-euitly in I^hysikalisehe* 
/eitsehrift of the rapidly ^rowiri^ anel technieally 
impeu'tanl sulije-et of pimtei-e-emduetivit \ anel e'emlae^t 
ree tifieation in semi e<mdu<*tors. At the time* eif 
Hose’s inve*sti|L!;ation. the ele*etrem had Just been elis 
l eoered in the* plu'nome'iia eif ^as(‘ous eliseharjje, but its 
ajiplieat iem to the eonduetane'e* in solid had not be'en 
ronsidereel and Planck’s (Quantum (heeiry of Haeliatiou 
was just be injr formulated. Te) e xplain the variatieui in 
response eif material beidie's under elilfere’iit types eif 
stimulat ieiti. Hose* peistiilate el his metle'e'ular stre'ss anel 
strain theory, vi::., e*\ery tyju* of stimulus, be it 
clee-trieal, lueebaiiie’al, elVeet of rneliatiem visible e>r 
uivisilile, ])re)ebi<*es a state* of molecular strain in the* 
substance*, and one* of the nuist delicate iiwthexl eif 
me est ii^atin^ this stale* Is by me*a!is eif e*le*etrie’al e*ein- 
eluctivity me*;isure‘ioent s. If le*ft tei itself the* suli 
stane'e* re*turns freiin its stiaiiieel state and be’have*s 
normally a^ain. 'riie* e leetrie* behaviour eif a larj^e* 

elass of substances uuelcr elitt’ere*nl ty|ie*s of stimuli 
was investigated anel interpreteel unele*r the* meilecular 
stress and strain I heeiry. One* eif the* meist suce*essful 
applieatieins eif this was in e*\plainiu{; the- elis 
a|)pe*arance eif the late nt imap* in au e xpeiseel pheitei- 
.uraphie plate, if it is not devehipeel within a e-ertain 
lime. All these eH’ects finel an explanatiein in Peihl’s 
iuvc.sti«;*atiein of pheitei-eeineliuliein anel light abseirptiein 
ill alkali and silver haliele crystals anel its inter 
pretation in lerins eif I'ranek’s theeiry eif photei- 
scusiti/cel ae-livity. Another intere-sting aiijilieatieni 
ot Hei.se’s theeiry was the* iiitcrpre-tation eif bineicular 
•dteratieiii of vision. A physicist eaiuiot he*lp re*gret- 
liug that Hose* shoulel have left this preiniising and 
I he then unexpleireel re*giein of physical inve.stigatieiiis 
"I uhieh he e*ould have been a pieineer, feir physieei- 
phvsioleigieal investigatieins, where his appearaiiee 


wa.s rc.s<*nt«*d by the eirlhodeix physieileigists, and his 
work was much hampert'd elue to this oppeisitiein. 

Work in Plant Physiology 

In IPOO. Hose* atti‘nde*d the* luterualieinal Ceingre ss 
elf Physie's in Paris, and re*ael a pape r on the* gene rality 
of mole-e'ular phe-iieime-na proehie*e‘el e le e l rie*ally in living 
anel iiein -living matter in whie*h In* brings teigetlie r 
a large* ameiiint of i*omparat ive eibse*r\ atieins em Hu* 
simil;trit\ eif re-speuises in the* twee e-lasse*s ol sub 
slane*e*s. It is inle*re*sl ing tee neite- that he* useel the* 
fe rreemagiie lie* magiie-tile* as spe e*ime*n eif iieiii li^ ing 
matter: It was shown in this ami sid}se‘(|Uent papers 

that many eif the* e*ffe*e*ls eif st imiilal ion slniwn hy 
living tissues wt*re alsei sheiwn hy inni living matte*r. 
llie re'hy e‘\teneliiig the* ele*gre*e* eif similarity in he havieinr 
in li\ing anel non living matte r, hi Kiiglanel Heise ’s 
e*e>mrnunie*at ieins eif his investigatieins hael a mixeel 
ree*eption. some* of the ]ihysieileigists he-neh-d liy tin* 
\e-te-raii Sir .leihn Hnrelein Saniie*rsein we re eippeise*<l 
to tin* inte'rpretalion of the* results of his e*\p<*rinu nts. 
.\s a e’e)nse*e|ucne*c. his eeimmuiiieal ioii tei tin* Hoyal 
Sex’ietv was einly rt'ael hut neit puhlislu'd and )ilaee’<l 
in the* are*hi\t's eif tin* Se)eie*ty. It was at this June* 
lure that seime.* of the* Ie*neling heitanisls whei were 
eillie*e* he*are*rs of the* hinnean Seieie'ty. iiwlnding Nines. 
lleiW’i s anel Ileirae e* Hreiw ii. anel w liei hael se e n his 
e*\p' rimenis. eilVe re el the* luispitalilN of the* Seie-ie ly fell* 
the* r*aeling anel puhlie-at ieiii of his pape*r. In Hu* 
eeinr.se* of ihe sc invest ia! ieuis. Heise* l>(*eame* more and 
meire inlcrcsl(*il in tin* re sjionse* eif plant lissn<*s under 
diflVrcnt kinds of stimulation, and eif tlieir similarity 
tel that sheiwn hy animal tissues. Neiw licgan the 
tliirel e-poeh of his investigations ein plant respein.se*, 
which were e*eiiiimunie*alcd in a scrie*s ed papers tei 
tin* Hoval Soe ie ty in anel il was propeise*el to 

publish them in the I^hilasaphiail '/'ransactif/Nx. As 
he was now away freim Knglanel, tin* eipposition 
group was smee-ssful in holding up his papers eiii 
the* greiliuel that his re sults were sei uiie*\pe e te el ailei 
sei eippeiscel te> eurrelll tlueirics that uothillg short of 
the plants auteimatie rceeirel weiulel earry eemvictiein. 
Ill I he early days when tin* investigatieins on the* 
]ilants we*re* e‘eimmeiie*e*d the* re*sjieiMse ill jilaiits we*re' 
magiiilieel hy eijitie al le-vers, whie h was tirsl iiil reieluce el 
by him in plant jibysieileigy. anel re*eeirde*d by follow 
ing the iiieive*me*nt eii the* speit eit light on a elriilii 
with a pe*neil. 'Ibis rebulT freiiii the Royal Seieiely 
spurr(*el Hose to dcNise mem* anel more sensitive 


m 


Veil. III. No. fl 
DKCKMHKR 1937 



OBITUARY 


apf)aratus for making tlic plant to writi- down its 
own auto^ra|)h. Hose’s ])ern]anerit eonlrilaition to tlu* 
experimental plant physioloi^y is the series of instru- 
meiils (levis<*<l and inanufaelnrd in the workshop of 
his [nstiliite, liki* the Resonant R»*eorder, the hip;li 
magiiitiealion ('res<*o^raph, the Pholosynlhetie 
Recorder <te. Hose was eonslantly ehani'in^ and 
improving his apparatuses and his biograplnn* Geddt‘s 
Iminoroiisly remarks at one place 

“ 'I'ln* one eritieisiri of the apparatus and rescart‘li 
in the Institute which the writer has ventured to 
make from time to lime is, that one might sometimes 
he frnitfnlly enough engaged with this or that iristrii 
ineiit without the delay of demolishing and reeonst rind- 
ing it for the sake of some afh r all minute ptnvent- 
age of extra exaelitude. Vel he cannot hut respect 
this also, and hear his testimony to the' physi<‘ists* 
precisidii, which tan endure no tract* of inaeeuraey. ” 

It is generally assumed that there are certain 
fundamental resemhlanees in the hehaviour of all 
living cells in virtue of their jnissessing the same 
ground plan of prot ,>plasniic structure. 'I'lie funda 
mental pniperties of the protoplasm are contractility, 
eomliietivity, rhythmieity. In animal organisms these 
funetituis are taken up hy specialized tissues such as 
muscles, nerves and tirgans eomposed of nerves ainl 
must'Ics. Hose’s great prohleni was to discover simi 
lar functions in plant tissues. 

'rile contractility in ])Ianl is demonstrated hy his 
diametral eontraelioii apparatus. lie sfiowed that 
plant tissues undergo change in shape umhr the 
action of electric stimulus as animal muscles <lo. Hy 
means of resonant recorder, which can imasurc inter- 
vals up to one thousandth of a set-ond, he dcinonstrat 
ed that the conduction of impulses in the pla?it tissue 
follows the* same laws as in the animal tissues, the en'ecl 
of the application of warmth, i*old, depressant and 
exciting drugs ami of homodromous and hctcrodroin 
ous eh‘clric currents producing identical cU'eels. 
'riiese experiments didinitcly opposid the tiu n accept 
I'd theory of the hydraulic transmission of impulses 
in ]>lants. 

Hy means of his oscillating recorder he showed 
that the rhythmic pulsation of the leaflets of Desmo- 
ilium and of other plants are of the same ealegorv 
as the j)ulsatile activity of an animal heart. He 


demonstrated, that the source of pulsatile movements 
in Desmodium leaflets is light stimulus, the responsi- 
heing proportional to the (piantity of light falling on 
the leaflets — light impulse of a .short duration produc- 
ing a single pulsation whcrca.s stronger light or longer 
<*xposiirc ])rodncirig multiple responses. 

Another outstanding prohh*m of plant physiology 
is the movement of saj) in plants. 'I’he generally 
acarpted view at Jiis time being that the movement is 
due to the action of purely physical forces such as 
capillarity, osmosis, transpiration and of a new type 
<»f force root pressure. Hose, on the other hand, 
while not denying that these forces may he partial 
ly ellVelive in eaiising sap movements, maintained 
that the prim-ipal factor was a vital phenomenon 
probably of a pulsatile clmraeter. He used to show 
a simj>le experiment where two wilted leaves om 
flcad and one living, coated with vaseline to preveiil 
transpiration and ditaehed from Hie parent jilanl lo 
j>rev*‘nt the action of root pressure, sliowed very 
ilitfen'iit activities, when their stems are put in lejiid 
water, I he living orn* hec*oming creel in a very shorl 
time. whih‘ tin* dinul one not responding at ail. Ih 
devised some very ingcniioiis experiments to ixplaitj 
this pulsating activity of ihe plant cells when trails 
milling saji through the tissues. Other important 
prcdilems dealt by him wi re the invest igalio i 
of trojn’e movements in jdaiits. His main hypothesis 
in explaining the opjiosile activity of diUVreiil pari*, 
of plant tissiiis to the action of a stimulating agnii 
like, gravity anil liglil. was that a stininins of tli' 
same kind prodneid opjiosile elVeel in a given lissu« . 
d(*pending upon its irilensity, weak stimnins produein." 
positive and strong slimnins negative elfeel. 

I lie Bose Research Institute 

W’hih’ in Ihe midst of these investigations, Im»s< • 
period of service in the Rresideiiey ('ollege was in ai 
ing its end and he had lo relire in 1015 afler I" 
had completed his fifty seventh yiar of .age. Ih' 
was still active and vigorous and he felt the .need «•! 
continuing the rcsearehes he had so well begun. l'V»r 
two years he continued his work partly in a lahori 
lory fitted up in his own house in tapper Cirenla' 
Road and partly in Darjeeling. He fell that tli* 
lime had come for establishing a research in-slilul' 
where his work in Hio-physies could he carried «'ii 
])y a hand of research scholars. For a long I in' 
he had cherished the idea of starting a rescan n 
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institute of liis own aiui was saving money for tiu* 
purpose. As he was lU'aring the end of Iiis period 
of serviee, it was diseovered hv the Cioverriinent that 
though l)v his seniority he was eTititled to the highest 
grade in the Kdueation Serviee, his elaims had bt'en 
(jverlooked. He was gazetted to tin* higlu'st grade 
with retrospeetive ( tfeet. 'riie large amount received 
as hack pay was credited to the account of the ])ros 
peelive Research Institute. Also a legacy from an 
ohl, valued friend was received for this purpose. 
,\ll lh(‘se anu)unls w(‘re very carefully invested and 
had inerea.scd eonsiderahly hv the time the Institute 
was started. 'I'o this was added some donation n* 
eeived from the public and an annual sidivt ntion from 
the (loverimient. A plot of land to the north of his 
house was j)urehased and a heautiful widl-planned 
research institute was huilt and ot)eiied oti .‘U)th Nov. 
Ill 17. 

'rile results of the investigati(uis earrieil out in the 
Institute were published in the ’i'rausaclHms of the 
lhis<- Institute which first appeared in IDKs. Krom 
time to time he .sumiuariz«(l the results <d’ lhes<* invest i 
galions in uionogra[>hs, the last of which, entitled 
'(Iroii'th and I'rajuc Mtnrmfnts in Planls\* a])pear<d 
III IJiyji. .\s a member of the ('onimittei- for Intel- 
leidiial ('o-op(‘ration of the League of Nations, he 
used to \isit Kurope e\erv suniuK'r for five years 
and <*ome in contact with the leading intelleetuals of 
the Western World. In I!I2S he \isiled some of th<* 
leading I'nixersity leiilres in Kuro])e wlure his lee 
tiires and deuionstralions aroused a great deal of 
iiil'Tcst. Rrof. .Modliseh of \’ienna (uho died \ery 
rreenllyl aeeompaiiieil him to work in his Institute 
for .six months. At the time id' lea\ ing the Institute 
lie wrote a letter to the \atnn' (April l.‘t. linttl) tesli 
lung to the remarkable i xperimental work which 
'sas being earrie<l out in the Institute. ” I saw the 
plant writing down the rale of assimilation of its 
ua.seous food. I a 1st) observed the speed tif the im 
pulse of excitation in the }}lanl being reetinled by 
die Rtsonant Recorder which automatically reeortls 
intervals of time as short as thousandth part of a 
seeoml. All these are nu»rt' wonderful Ilian fairy 
••'des; neverthelc.ss those who have the opportunity of 
seeing tile experiments become fully convinced 
that they are laboratory miracles revealing the hither- 
h» invisible reactions underlying life. ” 


The Seventieth Birthday 

The .s<‘venlietli birthday of the founder of the 
Institute w’as celebrated with great solemnity on 
.‘K)th Nov. 19*28, when Rose reeeivt'd eongratidatory 
addres.ses from many learned bodit s. With inennisiug 
age and growing infirmity. Rose gradually witli 
ilrew frou) the aetivr guidanee of research and eontin 
ed himself more to a critical supervision of the work 
of the scholars. He alsj) inleresteil hiin.s« lf in provid- 
ing facilities for research to promising independent 
workers in different subjei’ls like tlieoretieal physics, 
iiiv<sligation of cosmic rays, plant genetics and 



Sir I C. linse with some of his past slmlenis, taken 
rti llie oeeasif)!! ot iiis ."Oth hirthdriv anni\ ersary. 

Sl.tndmif fron Irft to rijht' hr S D.ilta, Plot, 

.S Hose, Pml. 1> M. Hose, Prof., N. K Sen. Prof. 
ISIukherjee, Prof. N l'. Nag. 

Sitting: Piof. M, X S.th.i. Sir j. t' Hose, Prt»f. 

L (ilio.sh. 

anthropology. Rose's great eoiil rihiilioii to tin- study 
of plant physiology has hien tirsl the ineomparnhh* 
set of apparatus devised liy him, his hold hypothesis 
of the similaritt of r(;ulion and of meehaiiism in 
plant aful animal organism, and his altoupl to i.stdale 
these in the ease of plants. .Many valuable results 
have been established hut it eaiiiiol he said llial the 
problems havi- ree» i\e<l their final solution. Research 
fellowships and post graduate scholarships are bi-iiig 
i-ndowed by the money left l)y liiin for I In- study of 
plant physiology and allied suhjeels. It is to he 
hoped that this l)and of scholars in eo operation with 
tin* workt-rs of the Rose Institute will begin with new 
mithusiasm the study of this \astly iutert sling subje^l 
tif hioj)hysie.s. Now methods of invest igatiou em])loy 
ing heav^ water and radioactive isotopes of I’omnioii 
<‘lements assimilatt'd by living organisms are being iiti- 
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lizcd by workers ifi Mohr’s laboratory In ('o|)ciilwnir(*!i 
and rlsfwIuTr for invc.sti^alioTi of Ihr probh'iii of 
assiniilatioii. W'orkrrs in tin* Institiitr will no 
doubt ntili/c tlicM* nu thoils with tiniso airrady 

in list* Ihrrr. 

Other Activities in his l.ife 

No a(<<Mirit of Mosi ’s life will )»<■ coniph tt* whi<h 
rlcnls only with his siic iil itic actix itics. lb' was a 
man witli many sidrjl intere sts and actix il it s. hi tin* 
early ninttii's he used to spend iiis vacations aniietl 
with a full sized eanit ra photo^'ra))hin^ sites of ati- 
eient Indian inonumt iils and of seeiiie beauty. L ii 
fortunately his luaiitiful eolleelion of ne^alivt's were 
tleslroyed by the mis;riij(h‘d activity td' a laboratory 
menial. Mis Meii^ali prtist* wntini' has been declared 
by competent erities to be of hi^h literarv vabie, and 
sure of a permanent place in Meii^ali literature. His 
friendship vvith Itabindranath 'I’a^ore is well known, 
the latter was one of the first to reeti;;{,idze the im 
porlariee td Mose s aehievv nu nts, and the story of 
how he helped Mose in his )>erit>d of dittieulties is ttdd 
in tile current number of the Pralwsi. 'I’he new 
.school of Meii/fjili artists found an appreciative 
friend and lu'lper in Mose. Paint in^s of (baganendra 
nath 'ra^’ort*, Abanindra nath 'I'a^tire and Nanda lal 
Mo.se are tt> be fournl in his house and on the walls of 
the Institute building. 'I'lie latter is a beautifid 
adaptation of ancient Inrlian arehiteeture to modern 
re<|iiireiiienls, and was ereeteti under his tlireelion 
by his cousin, Abaninalh Mitter. His early hiohigi- 
eal trainiuK and his iuherilanee tif tlie pantlieistie 
outlook of aueieul Indian eullure |)euelrated deeply 
into his seieiilifie llunii-ht. He is the first Indian 
scientist td‘ endeiiee who has tried to ali^n his seienti 
fie inv fsti^alioiis to tin* tratlitional pantlieistie vit'W td' 
Nature prt'valeid in this etamtry. Kuture historians 
of Sfieiiee may tiinl the introdnetion td’ this sliuul- 
j)t)int an iiiiportnnt eontribiilitm of the Indian mind 
It) tin* .seieiitifie eoneeplioii of Nature. In a letter 
written after receiving*; the news td' the death of Sir 
.1. ('. Mtise, Sir .Michael Sadler remarks that " He was 
a pt>el Hinoni;' biolt>^‘ists. Shelley, had he tt'one on with 
Sfieiiee, anti had he lived in days t»f e.\aet measiire- 
nieiits. mi^ht have sharetl in his (Mose’s) work." 

I). 


An Appreciation of the late 
Sir J, C. Bose 

Sir .la«ratlish Chandra Mttse, I*’. M. S., the ^real 
Indian scientist and jiatritd, is no iriore. With his 
passing at the a^t* of nearly ei/ifhly years is removed 
one i»f the few links that remained between the })re 
.sent tlynamie peritid t)f Indian seienee and tbt>.se 
tiark centuries wliieli bad so lon^ separated ns from 
a promt antitpiity. 

It was my ijootl ft>rlnne tt) have knt>vvn Sir .la,u:a 
tiisli, though not intimately, since the year I!)!") vvlien 
I bad just be|»Tm rny eareer as a researeli student at 
Cambrid^t*. He was then making;' tuie of bis many 
seit ntifie lours abroad. riiere were lit) rtal jxiints 
t)f etintaet between tuir spliert s of work, whieli were 
perhaps as far apart as any two branebes of bolanv 
very well eonld lie. Mid I am one of those many 
eoimlrynuMi of his wht) are grateful It) him for ereaf 
iiiij ill Intlia a haek^ronntl t)( seieiililie research in 
whieh we who came after him felt eiietnirap-tl in tiur 
elTorts. It is with feeling* t»f ^ralifmle that I wish to 
pay my hornajje to tlu* departed leader. 

'I’ht* only fair • slimale of a man eoims fr)»m an 
appreciation of the setlinu: in whieh he livetl and 
moved. In any a^e ami in any etuintrv .1. C. M))>» 
wouhl have l)et‘ii distinguished for his ori^^inalily ainl 
his skill as an iiivt sli^ralt)!*. N'iewed in his own t 
liiifX of liint' anti place, he appeart'd as an uiiexpeeletl 
lifflil on a dark liori/on. He bej»aii making tirmi.nal 
etmtributions to t*\))t‘riiiu'nlal seiejiee at a time win n 
nt) one frtmi thi.s et>iintry hati yet ventured into llial 
field, Ciirreiiey was beiii*;- ^iveii !)> tin' helief (li.'it 
the Indian mind was traditionally nnfilttd for :;)a|» 
pliii^ with the seieiiee of the eonerete. It is llnr* 
tore no wtinder that Mose’s early researches, tif wliieli 
the merit was at once aeknowledji'eii by M’esit i ii 
physieisis, created soniethirii*’ like a .sensation in 
seieiilifie eireles. It was natural, too. that I hi*' 
lead shtmid have etiine frtmi Mt'iif^al, the jtrtivinee 
whieh had led the way for northern Iiulia in inattt is 
t*tim ational, as it has tione since in tdher tlireelit>ns. 
And Mt)st' posses.si'd all the attrihiiles of the ])ioTieer: 
an intensely imaginative ]»i‘rsoiiality, an almtisl thihi 
like eiiriosily abtnd the unknown, whieh he preserveil 
to the t iid, indtunitahle eouraf»e in tin* face of t)hstjn l< - 
and, aht)ve all, a hiirniiiif zeal, horderin.'j: upon lh» 
I'aiiatit*, for raising his etuiidry in the eyes t)f the sej 
eiitifie wtirld. 
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A hotariist like tlir prrscnt writrr. \vlu> has bmi 
rliirfly cunrcriud with IIk* invt'sti^alion <»t' fossils, 
will hardly hv t‘X|a*( lrd to cofiinicnt upon tiu* trohniral 
Hspt’fts «d’ Sir .1. (\ Host’s many important disi*ovrrii*s. 
.'rhc‘S(‘ lay in thr Held of cxpi riiiuMital soionoo, at first 
in j)hys!cs, tln n in planl physiolo^^y. HiU wt* all know 
that in both ihcst* s})h(*ros lit" had aohirvcd mnarkablr 
jsucorss, for lu- was a past master in manijiulativr skill 
and in tin* invention of sensitive devirrs t\»r ivc-ording 
tJu* sid)tlc iTspjmsi s of living and non-living obje<*ts. 
'riif significama* of his early W(»rk in connexion with 
the- discovery of wireless means of eornmunieation is 
universally aeknowledg<d. although he unfortunately 
ilid not ])urs\ie his (pust far enough to real) the full 
fruits of his researches in that line. Like most other 
scientists who ha>e dt'dicaied their li\('s to tin- a(‘(|uisi 
lion of knowledge for its own sake, lu spurned the id<‘a 
()f e«»mmereiali/iiig his <liseo\ cries. 

Sir .1, C. Mose s iincstigal i»iiis in the I’u ld of proto 
plasmie response in plants, to uhieh he devoted ih(‘ 
greatt r pari of his hnig and distinguished career, ha\<- 
l»een tin* sul)j(» t of miieii eoutro\ersy. Mut if justice 
iniist lie done, it is important to keep two aspects of 
this work distinct l\ apart. One aspet'l is that of 
the purely e.sperimental observations, eov<'ring a ))eriod 
of many years of init use ajiplieation in tin* lalioratory 
and ret’onled in numerous p ipers by Sir Jagadis him 
‘•elf, and more ri’cently by his pupils. In miu h of 
this laborious work he was ably assisted by his devoU'd 
pupil Mosheshwar Stm, wlio aeeompanieil him on inaiix 
of his seimititie tours and upon whom devolved the 
sui'ei’ss of the demonstrations, given la fore many dis 
tinguislied gatherings in Knrope and America. Some 
of tlie.se observations, wliieli wi re at first reeeiveil 
\''ith secjitieism, wei’c later eontirmeil by emiiK'iit plant 
physiologists, among them Professor Hans Moliseh 
of Vienna. Moliseh paid a visit to Sir .1. ('. Hose 
in (’aleutla in the year and paid a high tribute 

to his originality ami experimental skill. 

i'he other as])cet of Mose s work is the theoretical 
aspect, embodying his deduelions from the 
experimental data. Some of these deductions have 
been Severely eritiei/.ed. Mul this, il must be borne 
in mind, has been the fate of many other original 
tlii'orics which, unlike the ob-served facts upon which 
they arc ba.sed, are often more or less iiiHueneed by 
the personal factor. Healthy criticism is like a ferti* 


lizrr upon wbieb the sapling of original resear*eh 
thrives. Mut it is an (»|)»n secret that much of the 
eriticisin which Sir J. (’. Mose had to face came from 
(piarlers incapable of forming an unbiased judgnu'iit. 
Happily. Si'ienee has its impartial tribunals-, the 
Moyal Society did not fail to accord to Sir ,1. (\ 
Mose tht' ri‘cognition that had so long been his due, 
and he was honoured by many other Learm-d Socie- 
ties. by rniversilies and by distinguished men all over 
the world. I.ong after the dust, of personal contro- 
versy is laid, the mass of careful and detailed obser 
vatioiis wlii(‘h Most- had aeeimmlated during many 
years of lahonr will stand ns a solid basis for future 
la-seari’b. Whether the theort-tieal frame-work which 
lie had built upon it will endure tin* test of tiim- and 
all scientitie theories are snbjeet to that lest he 
will be r^•memlH*red as the leader among thosi* who 
ln-lp(‘d modern fndia to iier fe<-l in the world of 
sei(“nee. 



Sir J C. Hosr 

The founilation of that Meseareli Institute in 
(.’aleulla with which Sir ,1. (•. Mose s name will for 
ever be assoeiateil, is visible testimony of his fore- 
sight and of the high appreciation with which his .ser- 
vices to science were regarded by those who were in 
a position to tinanee him. Mut more abiding and 
mon* signitieant for the future was the spirit llial 
Sir .1. (\ Mo.se infused into sueeessive generations of 
students, so many of whom now occupy prominent 
po.sitions in the iiitelleelual life of the country. 

Mose.’s name will not only endure in tiu* annals 
of original resean*h: he will also be remembered as 
a pioneer in creating public oj)inion in favour of 
Indian students engaging in .scientific activities. 
With his flair for po])ulari/.ing seienee in India he 
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waA protif to employ a figurative mode of expression 
whieh, perhaps somewhat naturally, evoked rommeni 
in fik'ientific eircles. But here a^ain we must take 
into aeeniint the faet that lie was 
addressing mixed gatherings, often of a 
size unequalled exeept on the political plat 
form, and that the great majority of those who 
heard him were unaeeustomed to see (lie hard, eoii- 
erete facts of science except in a highly metaphysical 
and philosophical light. The essential unity of plant 
and animal life was with him, as with many others 
brought up in the. Indian tradition, a matter of spiritual 
conviction. But as a imxlern .scientist he was out to 
demonstrate this elementary truth in all its manifold 
aspects to the man in the street, 'riiis was by no 
means an easy task, hut with the painstaking effort 
which he always devoted to his lectures and demon- 


strations he achieved a remarkable measure of Suc- 
cess. At the .same time it is not ineoneeivahle that 
when lie turned to apply his extraordinary powers 
of expo.sjtion of inanimate phenomena to the investi- 
gation of life prnees.ses in plants he sensed a elo.ser 
analogy with (he nervous mechanism in animals than 
most of ns are prepared to agree. In other words 
it is pussilik^ that he was w'cll ahead of the times 
and that hi.s work foreshadows the fertile impact of a 
(raditionally sensitive philosophical mind upon the 
still almost hopelessly mysterious phenomena of life. 
Whether this was really the ease the future alone 
will show. For the present let us be grateful for 
the past that has brouglit us to the threshold of that 
future. 

Birhal Sahni 
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The Indian Science Congress 

—Message from Pandit Jawaharlal Nehru 


Most of us uiiliappily nrr tno iihh*Ii rnj^rossi'il 
III 1li(‘ lmsiii(‘ss (>t‘ politics 1o pay mudi allciition 
to llic finer ainl more imporlant aspects of life. 
Thai is natui'al perhaps in a nalion which slrn;:- 
'^Ics for national rreeiloni ami to iml itself of the 
homis that prevent normal growth. Like a pm’son 
ill the jiri]) of a ilisease, it <*an think only of how 
to iiaiii liealth ajiain. and this ohsession is a harrier 
to the ^rowtli of culture and scieiii'e. We are 
ciitanjiled in onr iiinnnieral)li‘ prohhmis; we are 
oppr(‘ssed hy the appallin‘»; poverty of oiir peoph*. 
Tmt if we ha<l a true standard of values we would 
I'calizc that tin* Silver .luhilee of the Indian 
Science Coiicress this year is an event of oiitstand- 
10 '-; importance, h’or that Coiiiii'css ri'prescnls 
M'iciice. and science is the spirit of the am* ami 
the dominatinji' factor of the mo<|crn world. 
Kvcii more than the present, the future hcloliirs to 
M'icnee and to those who make frii'iids with 
'Science and seek its help for the advancement of 
linmaiiity. 

On this occasion id' the Silver .luliilee, I should 
liki* to send m.y •» reelings to the Indian Science 
<‘'>nj»:ress and to the many distinguished scientists, 
•air own countrymen and our visitors from abroad, 
who are asseinhlin^ in (’alcutta. He who was 
’■hosen to preside over this Coiifiress Session had 

end his life’s journey before he could come 
d're, hut that life it.self of distinu’uisheil service 


in the cause of s(*ience and •»reat achievement has 
a messa'^e for all of us. 'rhoufih Lord Rutherford 
is not hr‘r<‘, his writt«‘n word has come to us and, 
through the courtesy of the editor, I have been 
able to jilaiice throuj»h his presidential address.* 

Thoiuih I havt* loiiu' bei*n a slav»* driven in the 
chariot of Indian politics, with little leisun* for 
other thouuhts, my mind has often wamh^red to 
the <lays when as a stmh‘iit I haunted tin* labora- 
tories of that home of science, (’ambridjic. Ami 
thouiih circumstances imub* me ]>art eom])any with 
.science, my thoiiuhts turned to it with loiijiiinji. 
In later years, through devious processi's. I arrived 
amiin at scieiici*. when I reali/.eil that science was 
imt only a ]>lcasanl diversion and abstraction, but 
was of the very texture of life, without which onr 
modern world would vanish away. Politics led me 
to ecmiomics and this leil im* inevitably to science 
and tin* scit'iitific a]>i)roa(*h to all onr problems 
ami to life itself. It was science alone that (sudd 
solve, these ])roblems of hummer ami poverty, of 
insanitatioii ami illiteracy, of sui>crstition and 
dcadeninj* cn.stom ;’;nd tradition, of vast re- 
sources runninj* to waste, of a rich country inliabit- 
ed hy .starving* people. 

* Uord RaltierfouVs .\ddrcss apj>t*ars etsowht'rr in 
thi.s issue. 


THE INDIAN SCIENCE CONGRESS 

\ liavc read thorcfoiT with interest and a])|)re- 
eiation Lonl Rutherford’s reniai’ks on the role of 
science iu national life ami the n<‘ed of training 
and Jiiaintainin^- reseai*eh workers. And then I 
won<lere<I how far all this was ])ossil)le und(‘r our 
])resenl s<*lnMiie of things. Somethin}*’ etmld he 
done no douht (‘ven now, hut how little that is to 
what miji’ht ami sliouhl h(‘ done. Ij<u‘d Ruther- 
ford tells us of the need for national planniiif*;. 

I ht*li<‘ve that without such plannin**- little that is 
worthwhil(‘ can he done. Ihit ean this he done 
under i)resent conditions, both political and social ! 
At everv step vested inter<‘sts i>r(*vcnt planniii}*: 
and ord<M*cd develo|)nient and all our eiieriry ami 
enthusiasm is wasted he<‘aus(‘ of this ohst ruction. 
Ca?) we |)lan <m a liiidted scale for limited ohJ(*c 
tives.^ We may d‘» so in some measure, hut im 
mediately we come up aiiainst new prohlems and 
(»ur i)lans yo awry. Life is om* oryanic whole and 
it cantud he separated into watcrliyht compart- 
ments, The Mississipi Valley t’ommi1t(‘e, writing 
in their ladter of Transmittal to the Federal A«1 
ministration of Puhlic Works F.S.A., refer to this 
idanniny husiness: Flanniny for 1h<‘ use and 

control of water is planning for most of the basic 
functions of the life of a. Nation. We cannot plan 
for water unless we also re^'onsider the relevant 
|)rohlems (d‘ the land. We cannot ))lan for water 
and land unless we plan for the who!(‘ people. 
It is <d’ little use to control rivers unless we also 
master the conditions which make h»r the secui’ity 
ami freerlom of human life.” 

And so we are driven to think of these basic 
(MUiditions of human life, of the social system. 


the economic struelure. If science is the dominat- 
injr factor in modern life, then the social system 
and economic structure must (it in with science 
or it is (loomed. Only then ean we ])lan elfective- 
ly and extensively. Lord Rutherford tells us of the 
Jieed for cooperation between the seientisl and the 
industrialist. That lUM'd is obvious. So also is 
the m*ed for coo])eration between the scientist and 
the ])olitician. 

I am entirely in favour of a State or}i:anizatioii 
<»f research. 1 would also like the State to send 
out promisiipr Indian studcTits in larye numhei’s 
to forei}i:n countries for scientific and technical 
'raiuiny. For we have to build India on 
a scientific foumhiiion, to develop her in 
dustries, t(» clian}>c the feudal character of her 
land s,ystem aiid briny hcu* a};riculture in lim* with 
modern methods, to develop the social services 
which she lacks so utterly to-day, and to «h> so 
many otlter thinys that slnml out to be done. For 
all this we retpiire a traim‘d personmd. 

I shoubl lik(‘ our central and provincial yo\ci’ii 
meiils to have (‘xpmd boards to inv(‘stiyate oiir 
problems and suyyest sidutions. A politician dis 
likes and sometimes suspetds tin* scientist and 
expert. I>ut without that (‘Xpert’s aid that poli 
tician can achieve little. 

And so I hop(‘ with Lord Rutherford “ thal in 
th(‘ days to <* 0110 * India will ayain become the iiomi- 
(»f scimice, not only as a form id' intellectual :i‘* 
iivity but also a imans of furtheriny th(‘ proyress 
(d* hiM' peoples.” 

Jan^ahadal A'c/aa. 
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Biology of Longevity and Death' 

B. N. Singh 

Profetiforof Plant PhyH'olotry. Institute of AKrirtiltnral Keseart'h. Hunar^s Hindu IlniverHliy. 


Longevity jind di'.-ith .-nr tlip iwd riiiidiiiiiftdtd 

rliaJ'JU'h'i’ist i<*s of liTc, «l)ont widtdi l)i»)lny'u*id 
ilMHijili! ('t*ii1rt‘s iin<l pppsuiiiiihly lU) sidi.jcpl lias 
t'Vnkod such widespread and det'psealed iiilc-esl 
ill inaiiUiiid as the df\sire to eoiiihal old a^e and 
»/vei*eonie death. 'Phe enormous dis|)ai‘i1y in tin* 
iiiV duration td* organisms is a matter of eommon 
knowledge. LiTt* may exist in dilVerenI r<irms and 
si/.es and rrom the tiniest period of a Tew minutes 
to stjveral humired years in tln‘ <'as(‘ ol' plants. 
It is also known that the oriuanism exists in the 
I'orm of individuals of various kinds and dimen- 
sions and that it often starts with a fraelion i»f 
the si/e which it fimdly attains at maturit.y. 
.Making use of various iinor^ani/ed materials as 
food, it accomplishes a serit‘s of chmuical, i)hy.si 
cal and i)hysiolo‘»ical transformations within it 
s(‘If. the net result .of which is growth and 
liiffercniiation. Suhscipient to its reachinji: a size 
limit characteristic (d* that class (d' orj»anisms, the 
individual j^ives ris(‘ to one or more organisms 
like the paiMMit and re])eats the <*ycle of growth 
ami development. 

'riiese j)hases <d' its ontoffciiy are marked by 
dclinite changes in form and function, which briiifr 
•ahout a gradual deterioration in its workin.L*- 
machinery, such that the loss incurred by coidinu- 
'•us rciiroduction and multiplication is lud made 
liood })y the proi*ess of jirowth and repair and 
th(‘ organism shows symjdoms of senescence or 
the act of t*ettintj: old. Senescence in its extreme 
b'lin exj)resses itself in absolute cessation id* life 
activities, popularly known as “ death How- 
ever, the culmination of senescence or death is a 
plieiiomenon overtakinj*' only the somatic portion 
of the off^anic individual, for befoi’c the indivi- 
'•al body ])erishes, a new orf»anism will have been 

Sumuiari/.ed results of author's experiiiieuUl sUuUvs 
into the physiology and chemistry of plant material cover- 
"'K n period of 12 years. 


Ushered into existence throiijih tin* reproductive 
process, thus exhihitiim cuidiiinily of life in 
another body. In this sense rejnvmiesetniee is as 
normal a feature of the orj^anic life e,y<*le as 
senes<*ence. 

'riie disp.ii'ity in the life diiralion and the 
occnrianee of sem‘seenee in tin* orj»anic worbl 
raises a numhm* (d* (pjestions of {jireat interest amf 
importance. Is the variation in the life duration 
of orj^anisms. a predi termim‘d faetor in life or 
related to m.etalndic activity or dot‘s it arise from 
the cn\ Iroiimcnl f Wliat is tin* cause (d* natural 
death as wc understand it in the sc'iisc of individual 
hodily dct(*rioi*at imi What arc* the fac'tors 
«»c»vc*rniiij> sc*m‘sc'cncc and rcjuvcncsc'cncc* And 
is it possible* to c*scli(*w or at any rate caudrol 
senescence ! 

The prohicm of loncc»vity and death has heen 
disciis.s4M| many timc*s in tin* history cd‘ l)ioloo.y. 
and many hypotheses as to its nature* have* l)e*en 
.iled. The works of Uobertson', (’hild-'*, 
liocb’, Ih-aiT* and Me'lchnikoff ‘ enjoy the rc|)nta- 
tion ed stamlard r«‘fcre*nccs on the sul)je*ct. Hut 
the «ire‘at(*r part of the* work has elcalt e*hie*jly with 
animals and .sy.sicmatie* rcs(‘are'he‘S tin the me*ta- 
holic aspcci of aue* clianj»e‘s with reference to 
plants arc lackiim-. 

Ih'fore* we may jirotitahly analyse* the iluration 
ed' life* ami tin* c;iuse>s eif ohl aj;e*, it wtiuhl he* 
iie*ce‘ssary to uaiii an insight into the* nature* ed' 

1. Uohcrls^ui, T. H. 'I he chemical hanin of growth 
and seneHcencet I'hil. ami Loud, Lippincott., r>2l. 

2. Child, C. M — Senescence awd Hejuvedescence^ 
Chicago, I'liiv. Tre-ss. 1‘tlS. 

3 L(»c]». lie generation from a l*hyHico-Chemic(ii’ 

dew point, N. Y. Lippiacoit, P»2t. 

4. Pearl, \i. — The Biology of Death, Phil, and T^oud., 
Lippiueoit, I *>23. 

5. Mclduilkoff- nature of Moa, N. Y., 1930. The 
Prolongation of life N. Y., I ‘MO. 
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BIOLOGY OF LONGEVin AND DEATH 

"rowlh whioli is so run<lanu*ntiill,v with 

tin* duration ; tor just as a |•(•a(*tion in a syst<*ni 
calling l)(* (*oiisiilcn*d iinloptnidont ol tin* tino* 
lakcn I)y it for (Mniipicl tin* ‘•■I’owtli in an 
organism, likr-wisr, has to ho viowoil in rolation 
to the spooifio limo it roipiirrs for romplHiiij*: its 
irrowtli oyolo. 

Growth involvos llio synlliosis «»!' a varioty »>! 
ohoiniral rompniiiHls in diu* proportion and siiocm's- 
sion to one anotlior. 'I’liis process Jihvionsly docs 
not take placr with uniform velocity t hroujrliout 
life. On the contrary alternate perio<ls <jf rapid 
and slow growth are exhihit<Ml. The tiine-^rciwtli 
curv<*s of plants” (plottinj*- increase in dry weight 
against aj»e) are S-shaped resemhliii*; the curves 
of the autocatalytic reaction in the realm of the 
non-living on the one hami, and the growth cui'Ves 
(»f animals (»n the other. 'Phis indi<‘ati-s ‘ireater 
rai)idity of «:rowth intially and a marked (h‘cline 
towards the i'mi to he ultimately folhiwed hy com- 
plete eessation of growth. 

'Pile relative-^rowth-rates”, when plotted 
aiiainst linn* show a similar initial increast*, lead- 
ini,^ sooner or later aci'ordinji* to the duration ot* 
the veuelative period, tt) a maximum whi(*h is 
followi'd hy a steep fall about the flowcrinu 
period, eventually reaching’ the zero line. This is 
r(‘markahle, hu* at the start, tin* c<*lls are youn^ 
and very little ditVerent iated wh(*i*eas witli the 
projii-ess of the life-cycle they hecome incrcasin;»ly 
iliffen-ntiated and w<iuld therefore he ex|>ected \o 
show p?*o^r<*ssiv<' }*:rowtli- rale. About the time of 
the initiation of the reproductive pliase there is 
a maximum inerease in the relative-jyrowtli-rate 
soon followed hy a decrease, which succession is 
thought It) he of profouml physiological signific- 
ance since all the external factors ar<* kept ahtive 
the limitinj*: value. The solution of the phemmien- 
on therefort* has It) ht* soiufht in sttme internal 
faett)!'. 

'Pin* search for this internal factor raises a 
number t)f (piestit)ns. Has tlie attainment t)f tin* 

n. Siimh, J4. N. - Tht‘ metnhulu' battis of i/toivlh, 
neneHctnire. and rrjvoeHesrenee tn fifants, Tlic.sis ;u’a*]jte<I 
for the (iej^rfe <if l)>)ctor of St ieiice, Tart II, lUMiares lliiulu 
l'iiivfr>>ity, I '*27. 


maximal t4:rowth-rate anything): to do with the pro- 
duction of ret)rodu(*tive organs.' If so, why 
sln)uld there hy a suhse(|iienl decline? Are the 
ontogenetic drifts in the relative-^rrowth-rate tlue t<» 
flu* tiecrease in trrowth capacity with increasiim 
hulk of different iatinfi*- cells.’ 

Oil further analysis of growth in two varieties 
t)f cotton* sown in several series in tiitfereiil seasons, 
it is ohst'ived that in spite of seasonal variations 
the ‘»radii*nl of the march of growth remains idem 
tical in all the sei’ies lhou«4:h i*i’owth variations in 
the difterent series are noticeable in the shape of 
variations in the final dry weights in the corres 
ponding periods of tin* aoe-cycle, in the number 
of times the reproiluctive primordia appear pre 
ceded hy the “ maximal humps " in oi'owth-i'ates, 
in the ])eriod of approach of .senility and the fiji;il 
ce.s.sation of “rowth. 

SitU'c no t|iff«*rences are perceptible in the form 
of ‘*1*0 wth curves of the different seasmis, the eon- 
clusioii is obvious, that the growth variability d<s 
crihed above is tin* product of the environmental 
effects at the linn* of .sowing' ami at the earliest 
s(*edlino* stajic. 'Phe cause for lat<‘r ^n*owlh drifts 
and the initiation of the repri)dm*tive phase must 
therefore be soipihl in the nature of the earl.\ 
gro)vth potential as it obtains at the germinal imi 
.staj'e in respi)ns(* to the ct)mlit ioniiu*- factors. 

The “ maximal humps ” observed previous tn 
tin* appearam-e of reproiluctive primordia, stM-rn 
It) bt* a.ssociatetl with a physiological r<*tartlal ion 
t)f the i»rt)wth activity with (‘ach initiation t)r tii» 
reprti luctive pha.se, and a tli version of the plaslie 
material to the l•epro^^uct ive rcf^ion. 

The relative t*i*owf h-rat(‘s, the as.similator> ami * 
respiratory indices” of the entire plant obser\(M 
at successive* .stages in the atre-cyele, all show a 
('lose parallelism. 'Phis wt)uld U‘a<l to the infei 
t*nce that the majfnilutie of growth is strictly 
determined by the* two metabolic cardinals, viz.. 
r(*spiration e)n the one haml ami as.simiiatit)n <>ii 
the e)ther; and further that the internal fae*te)r fm 
growth, respiration anel assimilation appears In 
be ee)mmon. 

7. Immntar. i<, S, ainl Singh, H. N.— The giowlh ‘'J 
eottoii plant ill liidiii. The interpretation of varietal i.»o- 
aliility of growth in Gossypiiim /treftacewm a.s eoinp n^ I 
with that of C. neglectuni. Ivd. Jour. Agr, Sci. 
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Analysin'* Iho carhohydratc chantit's'* at 
'lilllVrcnt slajiios in tin* a^on-yrlc. tin* nnnmsac- 
(•hai*i(h‘s an* nl)Sfrv(‘<l to ahoiiinl (Ini’injJi adivo 
niotalxjlisin and an* ('ondcnscd to di- an<l |)ol\ 
saccharides diiriny the <jnicscent iM*riod of »^rn\vih 
and respiration, and follow ver\ closely tin* 
)^n)wth rate and indices id’ respiration and assind- 
lati(ni curves. Detailed studies on i*es]»irat i'oi' 
have shown that nionosaceharid(*s ai*e the hesi res- 
l>irahle sujiars and a variatitui in the same corres- 
ponds with a variation in the intensity of 
res])iration in differ(*nt s(*asons of tin* year and 
at (lifferent stages of growth. Ihdh the processes 
of jii-owth and respiration appear to he e«uinected 
witli this internal factor. 

The correlated run of many pliysiido^ieal ac- 
tivities as statt*d above h*ads nnmislakalil.y to tin* 
conclusion that tlii'iu* is a «‘onm*cled sepin‘in*e nf 
metabolic (*veiits of the priitoj)lasm diiriiit* growth. 
The two (piestions why tin* or'^anism sliows a 
wi*in*ral fall in tlie jirowtli and other metabolic 
activities with advaneinji’ a^e Mini a rise ln*fnri* 
eaeh appearauci* of the reproductive primoi*<lia. 
are of fundann*ntal importance. It appears that 
with advancing' aye the proportion of mm liviici 
elements inside and outsi'b* the pi’otoplasm in 
er(‘ases eiioroiMoiisly at an iinhnown rate, thereby 
vitiatiny tin* ealculalions <d* physioloyical rates 
and yiviny tln-ir untrue picture. 

t)ryanii* yrowth is an increase, oryanic retluc 
limi a (l(*creasi‘ in the amount id’ tin* substain'c in 
tin* liviny oryanism r(*sultiny <lii*ectly or indirect- 
ly from its s])ecific m(*tabolic activity, of which 
respiration, as has ln*(*n sho\>ii. is an important 
index. An estimate of the functional aidivity or 
strictly speakiny respiratory activity of that por 
lion id' the plant body which is active i.c,. 
meristemat i(' lissui*s. ther<*fore yields a n-alistic 
'•oiiception of intrinsic yrowth ]>otentialily. 

Sinyli, H. X., Siiiyli, It & Sinyh, T. S. N.—Tlic rol«- 
'*f the carbohylrate-niiroycii l)!il;nnc llirmiyhoiu the 
ontoyeny of tiie railisli plant, Frvr. h'ourtecntli Iinl. Sci. 
Cony, Bot. See,, J/ihore, 

Siiiyh, B. S.^SfvtUrn in the mechanise m of rr.s- 
/nrat ion in plant. Thesis sieceptei I for tlie 1>. Sc. ileyrcT 
I’art 1, Benates Hindu Universitv, 1')27 


The experiments'" on the respiratory indices 
of nicristeniatic tissin*s at successive stayes of life- 
cycle indicate that on tliis basis plants can be 
seyreyated into r(*presentatives of physioloyieal- 
ly distinct cla.sses such as (D short-lived ones Kx. 
Pisii/n sativum, Coiuindum sativum, Caium copticum, 
foamulum Vii/yu»c. Tii^ouclla foenum ifraecum. 
Hibiscus csculentus, Siuapis alba and Raphauus saiivus, 
tad and lonydived ones Kx.Coss\fpium nefilcclum, 
I%iseolus vulgaris, Rhascolus multifloius and Cicer 
aricliniim. 

'I’he two classes of plants s(*yreyated have a 
fundamental differ(*nce in the behaviour of their 
mi*risicmat ic respiratory activity. 

'I’he .short-li\ c‘d plants show a chara(‘l(*ristie 
decrease in the i‘espii*al ion rate* from an early 
phase ot yrowth and the rati* of fall becomes more 
liroiiounced beloi*c the initiation of the i*epro- 
ductive oryaiis. Idants with massi\c root-stor 
aye oryans such as the l^adisli show a secondary 
rise which in its turn is followeil by a final 
dei'i'easi*. This ajipears to be charaetei'ist ie «d' 
these plants wherein with the onset id' secondary 
lite cycle at tin* cost of stored materials the aidiv 
ities once nioi*e revi\'e. 

The hum lived forms maiiitaiii mon* or less a 
level phase in their res])iratoi'y rate for a eon- 
siderablv loiiy time atter yermination and only 
show a decline towards the fay end id' the life- 
cycle. 'rids behaviour in the meristemat ie res- 
piratory activity in this cl.iss of plants is in keep- 
iny with the mode of life of these ptants, namely, 
the power of liviiny for anothei* yi'ar or in eases 
becominy perennials as well. 

'I’liese findinys lead us to the I'oiiclusioii that 
the reIati^ely yr(*ater .lecrease in tin* values of 
respiration is correlated with the brevity of the 
life duration while a uniform stale in the same 
corresponds to increaseil life-duration. 

.\ correlation is also i*videid between the ini- 
tial rale of respiration with which the plants start 
their life activity and their life-duration. 'I'hc 
short-lived ones are eharaclei‘i/.ed by a lower ini 
tial output of eneryy in contrast to the compara- 

10. .siiiyli, B. N. — Tlx- I’orri'lation tictweon life duratinii 
and rc.spiralon ])hcnoincna. Pror, Ind. Arad, Sci. Oct. 
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tiv(*l,y ones wliidi exhibit a tleeidiMlIy 

liijihei* initial rate. A «ra«Ialinn similar In that 
ohsorv(Ml for initial respiration is apparent in the 
averaj^e rates of I'espiration I’oi- the entire lif<' 
eyele of the ])lan1s. IMaiifs eoveriiiy an a»e span 
of about .*{ months have a low average res]>iralion, 
those lastin'; o-tl months liavr a nieilinm av«*ra^e 
respiration, while the relatively loni*-live<l ones 
with a I i iV-cyeb* ot o\er six months hav<‘ a hiuli 
average rate oT res|)iratory reb*ase. 'I'he varia- 
tions, in the life duration are thus t«) a eertain 
extent traceable to tin* a\<‘raye I'ate of r-espiralion 
diiriim till* I i fe-eycli*. The ilnratioii ol lite is 
fnrtlier eori'elaleil with the i»r'a<lient of the ri'S- 
pii'atory imiex of the life eyele I.e., the pere«*ntai*e 
(leetine in the respiratory imiex iliirinu the senes 
cent ptiase from ttie initial level. 'I'he steeper the 
urailieiit. the briefer the life eyele ami lesser the 
ILi'railient the hmiier the lile-span. ( 'oiisiilerin*;' 
the value of the initial rate of ineristeniat ie r<'s- 
piration as mentioned above, in eonjnnetion with 
the extM'rimental tindin^s of the <»rowth studies on 
two vari(*ties of eottotr er(»wn in diftei’eiit seasons, 
the eoiielnsion is obvious that the snbseipient 
growth variability will be pi'edetermined by the 
inirinsie growth potentiality thii‘i!iii the early 
slajic as shown by the initial rat(‘ of i-espiration. 
This is further ehieidateil by the values recorded 
with respect to initial output (d' (’<)., in successive 
ueiierat ions. Thus. /^/aiACo/n.s vuli^aris, Clcer wieli- 
uuni and CotiauiJnun aaliviim show an initial rate of 
T.iJN, !).l*i and d.o m'_is. resi)e<‘t ively in the year 
lJt‘Jli-27 v^hile the correspoiidiim values for the 
same strains fii-own in the year 1!)*J7-‘JS start with 
7..‘>, S.7 and oM mj;s. respect i\ely. The life dura- 
tion also remains more or less the same, further 
on crossinfi' two pui’e strains of N. labacum species, 
the hybrid j;eneration is noted to follow lUie of 
the parental forms in its initial meristematie res- 
piration as W(‘ll as tin* life duration; the sueeessive 
«;em*rations showing' se«;rej;at ion foi* these 
characters. 

Krom a study of the onto^enetii' drifts in the 
state of hydration id* the meristematie ti.ssues of 
the two classes of plants mentioned above, it is 
ob.served that the difference in the values of the 
respiration rates is remarkably eor?*elated with a 


like dilTerenee in the state of hydration’’ of these 
1 issues. 

The above findings lead us to the following 
generalizations : 

( \ ) A decline in the Ratabolisrn and multiplication 
of the cells in the grow in ft region will lend to approximate 
the gradient of the hydration of the protoplasm, 

(2) I he stale of hydration, in the growing region 
appears to be governing both respiration and growth, and 

( d ) / he potential longevity of any plant is deter- 
mined by (i) rale of metabolic activity and the state of 
hydration of the protoplasm in the growing region, and (ii) 
genetic constitution. 'I'he functional relations of 
metabolic aidivity with temperature, food, li^dit 
and other en vi»-onmental factors are well known, 
whib* •iiMiidic constitution may not be a direct 
function of the environment for a ijiven orjianism 
blit a constant which varies with individuals. 

With a view to puttin'; these .u’eneralizat ions 
to more (‘ritieal tests the intrinsic potentiality of 
the protoplasm for “rowth was measui’ed by ob- 
servinji- the rate of rej^eiierat ion or healing of 
mechanical wounds in Hibiscus esculentus'- at succes- 
sive stajies of its life- eyele. ft is noticed that the 
relative-rates of respiration, power of callus formation 
in the founded area (iegeneration) , and hydration of 
.protoplasm in the tissue show a striking parallelism, in- 
dicating a (fualilative change in the protoplasm or in other 
words “ a metabolic senescence ” of the protoplasm. 

If then a (jualitative chatmc in the [irotoplasm 
determines seiieseenee, what is the nature of this 
ehanye. A study of the ‘ carbohydrate-nitrogen flux,' 
in both the leproduetive ami vegetative parts of 
the organism,''* in relation to oi-,,\vth and I’cspii’a 
tioii in varying; sea.sons, gives a basic for the establish- 
ment of the view, that the nature of the food product m 

11. Sin);li, H. N.—Oa llie intrinsic po .cnlinlitv of 
(Growth : onloj»cnelic drifts in tlifi rcsj)ir.'iti)r\ index of the 
inciisteinntic tissues in ;i ])o)jnliition crop plrinls ; Hydration 
factor 111 respiration and j;ro\vtli. iVoc. Ind. Sci. Coni;. 
Hot. Sec. I'MO. 

12. Siiinli, H. N. — .V comparative .study of tin* Res- 
])iralory Index, Water-content and the rate of Healing; 
of Mechanical wounds hi Hihiacus esculbentii'*, Jour Ind, 
Hoi. Soc. 7. 1928. 

13. Singh, B. N. el. al. Analytic studies into the 
Dynamics of Carbohydrate nitrogen in the vegetative an»I 
reproductive organs of Artoearpmt ivteffrifolla, Hrue. 
Ind. 8ci, Cong. Bot. See. H>30. 
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ihe vegetative organ in relation to protoplasmic h]fdration 
is greatly responsible for the appearance and later 
development of the reproductive organism. The chemistry 
of the vegetative and reproductive growth appears to he 
interdependent. 

Tlu' folliiw iii'i' coiK'liisions ;irr tin* oT 

llu* nlxivi* study: 

(i) A low (*;irlK)liydrjit(V nilio, ;t liijili 

inoiiosiK'cliHrido/MMiiiU) aedd ratio, and a 
sujiar (‘(uitcail an* cliaractrristic ol* jiroatfi- growth 
of iTpi'odiK'tivf <»r|ians, 

lii) A iiicdiiiiii i'/S ratio, a medium Mono 
amino ratio, and niedinm sn^ar (‘ontent aeeom- 
pany iiiodei*ale urowlli of veuetalive and repro- 
duet ive parts, and 

(/a) A liijili (\'S ratio, a liinli Mcnio/amino 
ratio, a liiiih soluhle snuar euntamt rat ion and low 
water <*ontent mark the smieseeiiee of the v<‘L:ela- 
tive portion and the ripeninjji <d‘ the tVnits. 

The above results suiiuest the existeiiee a 
balance b(*t\veen <'arb<ihy<lrate and protein l\*at.i- 
bolism in the adol(*s(M‘nt ve^etatise phase and the 
nature ot‘ this balaiiee in r(‘lation to pia»toplasniie 
liydration as bein^' •^r'-atly responsilde Tor the 
appearanei* and later d<'v<-lopnM‘nt of the la-pi'o 
dueti\(‘ ore-aiis. 

From a consideration of the foreyoinji .acts 
senesj'cnee «n* a^icinj^’ has been found to be a 
ehara<‘terist ie and ne(M'Ssar,y feature of life, and 
“ death ” Ihe inevitable end of this process when 
re^n*ession or r(*juvenati(ni does not oeeur due to 
eJM’tain advei'se eomlitions alTi'etinji the <'olhn<lal 
matrix of tin* livinj^- <'ell. Sene.sccnce and death on 
the one hand, and rejuvenation on the other, appear to 
he simply two. aspects, of the same dynamic activity. 

Ilavine shown that seiiesei'in'e is asso<‘iatef| 
with a ph.\'siol(»‘»ieal retardation td' ;>rowth and 
other nietabolie aetivitii's, let ns endeavour to 
trace that nature of the retardinji intlueiu'C's. 

Amonji’ the several inliueiiees, the lowerinj* in 
Ihe hydration of the protoplasm, hij^h C'/N uiid 
Mono/Amino rati»>s, a jiradual drift in the cell sap 
and water towards the initiation ami development 
of the reproductive orj»ans ami a change in the 
dilTusion gradient oi! f^ases, water ami eell-sap 
ai>pear to be inii^ortaiit. 


The relation of water content to the eolloi<lal 
mass of protoplasm as a fleet in^^ the mi'tabolie 
processes and variation in the e<meent ration of 
<*ell sap, ap])ears to be the basic prim-iple of 
‘rrowth. althou}»'h the molecular surface tension 
and the inhibition of tin* (*oiloidal mass make the 
process much complicate«l. 'Fhe fact that the 
water content in the leaves and othei* oi'jians ,L*r<*at- 
ly inlluenc(‘s the cai‘bohy<lrate i*atio of polvsac- 
<*harides to monosaccharides, serves to emphasi/e 
the importaid role which water plays in all Hie 
metabolii* activities, not to m(‘ntion of its import 
anee as a promoter of (‘liemical I’eaetions in 
general. 

A fall in tin* iirotoplasmie hydration appears 
to be of ‘*i*eat siLiiiitieanee in Ihe ve^-etatiN’e urowth 
of the plant. Hut tin* \ eoeiati ve and reprodu('ti\ t* 
phases of plant life ar‘o so o|)pos(‘d to each othei* 
and so <liv(‘ruent in eharaeter that the (*onditions 
promoting tin* on<* deurarle tin- othei*. Thus at a 
lime tin* /htmarpus and eolloii plants were fully 
laiden with fruits an I bolls resp<>el i vely. with the 
appearam'c of a hea\\ showei* of rain, the fruits 
and bolls beuaii to sherl and the veiiol.ative urowth 
which had abiiost e(‘aseil re\i\ed once mori* in 
fresh luxiiriam-e. 

A shortaue in the siippls of water has Ix'eii 
found til ln> the cause of the sheihliiui' id* llowers 
and fruits in the maiiuo tree" and bolls in 
cotton' '. 

'rile eorrespomleiici* id' I fie ri'spiratory imh*x 
mirve id’ the iiierisleiuat ie tissue with that id* the 
hyilratiiin on the one liaml, ami the healiim' of 
mechanii'al wnumls'- on tin- <dher, establislu-s to 
some ileiiri'i* of aemirai'y that a fall in the colloidal 
hydialion of the protoplasm may he one of ihe several 
iouscs leading to cessation of growth processes. 

'riie fall ill w ater i'oiiteiil of the tissm* is (*er- 
tainly dm* to some internal chaise in the colloidal 
complex of the jiriitoplasm, fiU* in the ])rec(‘edinn' 
experiments wati'i* was always supplied to plants 
^rowdnf>* under licid eomlitions such that it did 

14. Siimh, li. N. aiol Aiiiliej^imkar, K. V. — Causal 
factor in Ihe sheilitin^ <»!’ uianj^o tlowcrs ami Iruits : ves- 
piralioii and IjyilratiiUi :U different ^taj'c.s of reproduetive 
orj-aiis ill llie iUcUij;ii tiee. /'roc. lad. Sci. t'oii^. Hot. See. 
PM1. 

15. Siimh, H. N.— 'I'lic eaii.sal factor at \v«uk in the 
shcildinj^ of ers .'Old ladls in cotton. Proc. Ind. i^ci. 
Cong. Aj-ri. . See. I 'HU. 
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lint limit tho iliMiiMixi ni;i(l(* hy tlir phiiit. It (*nii 
tluM'elon* hr in1*»‘n*(M| tli;it m roll in tin* rn|lc>i<l;il 
hydnition nf the pi'ntnplosin, pnssihly (liu‘ tn snmr 
intrrimi rartnr limits llic adivily of flir prntn- 
plasm ami thus adds In sriiility. 

\utrititm, as a laclnr drti’nniniii^ sriirsriMicr 
di*si'rv<‘s attrnlimi. How far a fall in the supply 
of food suhsli’atiim a<lds to llir d<‘ci‘casc in the 
ii-|*n\vtlM'at(‘ lias hardly hnai tlirrrily sliidird in 
view of tim cxpri-iiiKMilal iliniriilt ics invnlv(‘d 
tlirrrin. Ilnwcvri*. sniiir intrrrst iiiy sidrliiilits on 
this ipu'slinii liavr hern thrown hy the ^•r(»\\lh 
studies"', '* on liadish, PxM't root and Knot Kohl 
plaiils. As eonirasted with I he ‘;rowlh-rate eurves 
of other plants, I he <*urves ol* both the respiration 
and ‘•row I h-rale in the above <‘ases exhihite<| two 
eyeles of aelive urowtii 'I’he later phase of 
••rnwth is mainly at the e\|)eiise oT the huMl mate- 
rials stoi-ed in the lleshy portions (d' the plants as 
assimilation was minimal. However, this seeomU 
ary rise in the m’owlh-i'ale eurve is soon followed 
hy a ileeline eourse till finally the penultimate 
seiieseimt sta»»'t‘ and the last staue of seneseeiiee 
overtake the y I'owt h -rale. It is thus indiealed 
that the food faetor does proloriii' the life-eyele of 
the [)lant if ot her eondit ioiiinu faidoi's he not limit- 
iiifi:; although seneseeiiee may ultimately intervene 
in spile of the exeess of foo(! material. 

At any rate, seneseeiiee has tii he traeeil ulti- 
mately to the failure of the melaholie machinery 
which is the main vehicle in tin* process of ••rowth. 

Wliile considering the comparative <la1a on 
growth rale and other metalmlic activities in the 
preciMlinji pajies. it was i;<‘m‘rali/.ed tliat the 
correlated run (»f many phvsioloyieal activities 
indicated a coiim-cted sequence of events insitle 
the protoplasm duriim growth and their striking- 
paralh‘l <Iecline with aye was interjireled as a 
yeiieral expression of the (jualilati\ c chaiiyc in tlie 
protoplasm desiynate<l as “ Metabolic senescence *’ 
whieli affects many physioloyical activities simnl- 

i»). Sinjili, U. N. ainl V. L'Miiipaialivc sUaty 

of the growth tales :onl re^})li alioii throiighoiil the IjIV 
evele of ihe r;uli>h plant, /’/or. Ind. Sri. Cong. Ilol. .See. 
l‘»2r 

1 r. Singh, n. N. joi'l \ple, \‘. — .S»Mswn;il \ ni 

in tin* grow’tti i.ite ;oi<l re‘^pir.ition throughout the life-evele 
of kiK)l kohl ]ihoU. I’/'ov. Ind. Sci. Cong. Hot. See. p)2r. 
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tanoously in siiite of their div<*rsity. Sinee respi- 
ration has been shown to he an index of the 
yeiieral metalmlic activity of the oryani.sm ami 
its individual parts, an analysis of the cause hriiiy- 
iny about a fall in the workiny of the respiratory 
mechanism should throw eonsiderahh‘ liyht on the 
ticcurrence of senescence. While enyayetl in detail- 
e<l stmliestin respiration,’' it was ohservetl that pro- 
lonyed starvation, anaerohiosis and continued 
intiuence of temperature are similar in their effects 
in depressiny the intensity of respiration, ruder 
these conditions for want of a eimiplete working 
up of the react illy mass to the final (’().. and water, 
there is an ai'cumulation of harmful metabolites of 
the nature of tannins, anthocyanins. Ilavoiies, 
alcohol, aldehydic ami kelonic substances and 
other allietl yroiips. These are found to greatly 
preponderatt‘ in the cell, with advance in aye. 
ami atTect the respiration as well as tlie hydrolytic 
en/.ymes. Is this jnMxluct ion of toxins a normal 
feature of growth ! 

Sim*e a close parallelism has been shown to 
exist between the respiration and growth of 
plants, MS also the growth rate ilepends on the 
interconversitin of the various groups of carbo- 
hydrates, proteins, fats etc., through tin' niefliiim 
of specific (iizynies of the tyjie mentioned above, 
it follows that the di'cliiie in the growl h-rate or. 
in other words, ayeimg is due t») the progressive 
a<'cumulation of harmful metabolites, brought 
about by the not niicommoii stresses of anaert>bio 
sis, starvation, high temperal tires etc. in nature. 

Observations mad- on the permeability of the 
plant tissues, as well as tin* concentration »>f O 
and (’Oj within the plant tissue suggest, that with 
advancing age increase in non -fiviny ti.ssue is a 
('ommon ])henomenon and this ultimately hindeis 
gaseous diffusion O., in, and CO., out. This being 
so, anaerobiosis is indmed within the ti.ssue and as 
a con.setjuence of this. ( 'Om aecumnlates as a toxin 
and thereby decreases tin* rate of metabolism. 

IVhilc sln(i\)ing the respiiaioi\f mechanism of massive 
plant oiijans'", '' il has been established that the piocess 
of senescence and ripening in these organs go hand in 

IS. Singh, li. N — hoeali/.alion of ;i shift in 11 \p working 
of tlie ipspiralorx system willi tlic march of age in kaol 
kohl til hers. /‘roc. /ml. Sri. (^or/g, Bot, Sec. PLiO. 

I*>. Singh. M. Proj)osal of a uchema for the ilyii.i 
mie -ivstems involved in the respiration of oranges ami kii"l 
kohl tiihers. P/'oe. /nd. Sci, Cong. l‘L50. 
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hand and are accelaralcd h}) the accumulation of COj 
In ihc tissue of the flesh. 

Kxporiiiients on coiiiluclivity of wood-'" 
that rvith advance in age of the plant, the channels of 
translocation for the upward transpiration sticam of 
water and for the downward flow of the manufactured 
food materials become partly blocked up, such that some 
of the channels become impervious to the diffusion of 
gases, cell .sap and water. All llirsc induce n misfit 
in the ilciinind nnnh* by I ho roll foi* w.ilor ;ind 
tlio jilnstio food niMtorud''^" on tho one h;md. and 
tin* supply and removal of accMimnlatod loxio m(‘1a' 
lM»litos on the oIIkt, thus following a shortage In the 
supply of active mass of the reacting subsiralum, a 
gradual decrease in the relative velocity of reactions in- 
side the cell and consequently in the rale of metabolism 
and growth is the net outcome. 

Knrilici' the I’isr in Ihr ('oimtiiI rat inn of the 
soliibU* simar, parlivnlarly noted in the ease of 
frnits, and hijihei* (‘/N and Mono Amino ratios 
follow the uradient of simeseeiiei', and rightly so. 
sinee they ineia'ase lh(' amount of (*arbohydrates 
and reduee nilroocmnis mallei* whieh is eminently 
i*\(plired foi* the formation of the jH*otoplaMii 
diiriiiy \ eyetat ive i»rowl li. 

The general fall in the dymimie pro(*esses of 
iirowth is invariably interrupti'd by a smldeii rise* 
before initiation of the reproduet ive phase. This 
“maximal mareli ” in tiie dynamie proet'sses 
appears as many limes as reproiluel I n (* oi-^ans are 
pi'odueed as in the ease »)f tlie perennials with 
die notable <'xeeplion of one of tin* varieties of 
ln-et roots .i«rown side by side wliere no sueh iniiia 
lion of tile repiodiiet ive oruans took inspili' of 
tiie appearaiiee «»f the “ maximal hump”. It is 
noteworthy that in this case, the ‘ maximal hump * is only 
indicative of adolescence, the repiodnctive phase folloir- 
mg It as a tcsull of inci cased metabolic activity, unless 
the plant he sterile due to ceilain internal or exlemal 
causes, even as a girl may attain puhcity and yet fail to 
produce off. spring. This increase in the velocity of the 

dynamic processes culminating in the “ Maximum ” 

-n Sinjih, n. N— Hill ('lovatnh-. (•. K — .\n:ilvtie Mu 
'ti»*'« into the oiitoj-eiK'lie drills in specific eoiuliieln it> 
wood ill (ioSftifpima nciflectnm ,\nf\ Mai/e. Proc, lud. 
('ong. Hot. Soe. lf)P. 

Siii|^h, H. .\, — W a/. Transport of tlie carholn diate 
^nhslaiiees in the Artucarpan inletjri folia plant in 
'lilleient seasons ami inider varvitis^ stresses. Proc, Ihd. 
^ci. Cong. p» 27 . 


comliliiies the phenomenon of “ Rejuvenescence.** 
Seiieseeiiet* has been traeeil to tiu* aeeumulation 
of harmful metabolites; on this basis lejuvcncs- 
cence consists, as indeed experimental evidences point to, 
after a certain critical stage in the accumulation of 
metabolites has been reached, hi a .sudden removal of the 
metabolites In the form of a haclfivard leaclion due to a 
disturbance in the colloidal mass, resulting in the loss of 
equilibrium. 

in tliis eoiineetion jieriodieity i.e., eyelie 
('hanjic's, in ofowth, needs spc'cial mentiofi. Some 
of the periodic (*hanoes may be determined by 
oxt(‘rnal factors, while the internal factors are 
most important. Various ])lant ctdls and orj^ans 
aceiimidate reserve niatei'ial. As the ai'cnmula- 
tion of such reserve materials proceeds they a])* 
proach <juiesei*nct‘. Init if conditions clian”t‘. they 
may nnd<‘r^o rejuveiieseeiiee. Aft<‘r a period of 
<plies<*enee. reju veiieseenee is but a necessary 
f(‘alure «d“ life. It is ipiite likely what \M‘ call 
periodicity may simply be associated with tlie 
dynamie pi*oe(‘sses in the altc'rnate aeeumulation 
and r< movai of metabolites. 

Summarizing the evidences it may he concluded that 
longevity is determined to some extent at least, by the 
slate of hydiation, and the fate of metabolism of the 
prolopla.sm In the sense of the capacity foi initial, final 
and avetage eneigy output and also the gradient of Je- 
cline which the individual exhibits during its life-cycle and 
for which the momentum is supplied by the. potentialities 
of the uniting geim-cells of the organism. I his evident- 
ly seems to demonstrate that apmt fiom inheriting ihei 
potentiality for morphological characters, an organism 
also exhibits the potentiality for a ceitain specific rate', 
of metabolism and thereby the duration of life. 

The basis of both senescence and lejuvenescence 
appears to be to a large extent, the accumulation and a 
sudden removal of metabolites following the law of mass 
action - the immediate change in the activity of the 
organism being brought about as a result of a disturbance 
in the tespiralory mechanism of the. organism and in order 
that senescence be delayed oi finally overcome, the. lesist- 
ance to the reaction velocity within the organism must 
of necessity be diminished by the removal of the toxic 
metabolites fiom the centre of activity. M'^hcn a state 
of leactivity is reached in which the forward reaction is 
l(ept 50 much in abeyance through the accumulation of 
haimful metabolites that the reactivity becomes irrever- 
sible, ” death ** then supeivenes. 
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(i^neral PrwsWpnt nf the Conures-s. 


Until m vt'i*y IVnv weeks ,'!*»■(), we luid hoped to 
.•isseiiihle here under the IVesideney <»f one of the 
•xrealesl seierpisis (d‘ all lime, ami it is inevitable 
that his sudden and trayie death should be upper- 
mosf, not only in the thoug:hts oi* those of us vvdio 
eonie from Kunp)e, most of whom knew him 
personally, but in the thoughts of everyone here. 
J»\)r his w<ii-ks ha<l made him known fo us all. He 
has been cut olf in the fulness of his powers 
leavinji: as his monument a rieh and full life’s 
work, sueli as few men have e(|ualb‘d, but also 
Jeavinir a feeling: that he might have ae<‘omplishe<l 
more, and possibly even greater, things had lu* 
been left with us a few years longer. 

Those <d* us vvln^ were honoured by his friend 
ship know tliat his greatness as a sc^ientist was 
matehed by his greatness as a man. We remember, 
and always shall remember, with atfeetion his 
big, energetie, exuberant personality, the simpli- 
eity, siifeerily and trans])arent honesty of his 
eharaeter, and, perhaps most of all, his gcmius for 
friendshi]) and goo<l eomra<leship. Honours of 
every eoneeivable kind had been showered upon 
him, so that he eould not but know of the esteem 
in whieh he was held by the whole w<irld, ami 
yet was always simple, unassuming and rea<ly to 
listen ])atiently t(» even the youngest and mo.st in- 
<‘xperienee<l of his pupils or fellow-workers, if 
uidy he were honestly .seeking for seientitie truth. 

This is neither the plaee nor the oeeasion to 
attempt any <ielaiied deseription of his seientitie 
aehievements. A great })hysieisl, \iels Mohr — whom 
we are sorry not to have with us here — speaking 
of lluthertord’s WH)rk to a congress of physicists 
which recently met in Hologna, said : ‘ His achieve- 
ments are so great that, at a gathering of ])hysi- 
ci.sts like the one here a.ssembled, they provide the 
backgroumi of almost every word that is spoken.’ 


As it was in Hologna, so it will be in (’alcutta; 
the proceedings in our j>hysics .section will be utter 
ly ditTerent from what they w'ould have been liad 
lintherfonl not lived and worked. And it is sad 
1«> think that they will be utterly different from 
what they wmihl have been had he lived even a 
few months longer, for then we should have ha<l 
his ardent and inspiring personality and vast fund 
of knowledge and experienee to direct and enliven 
our debates. Happily ln‘ will not be altogether 
ab.sent from our meeting. He had beefi looking 
f<»rward with the greatest int(*re.st ami eagerness 
to this occasion, and Innl already wrilte?i a Presi 
dential address for it, which it will 1)e my duty to 
read to y(m very shortly. 

In this he tells us, in his own words, of his latesi 
work of all--that in nucb‘ar ))hy.sics, and especial 
ly in what he <le.scribed as ‘ the new alchemy,’ tin* 
transmutation of the elements. This alone would 
have ensured him a place in the formnost rank 
of physici.st.s, and yet it formcsl only a .s)nall pai’i 
of the total achievement of his life. 

When I first knew him, almost exactly fmly 
years ago, he was experimenting in wirele.s.s tele 
graphy, using a detector of his own inventioii. and 
transmuting signals to what wa.s, for those times, 
the record distance of about a mile and a lialf. 

That was in the period which he used himself 
to describe as ‘ the heroic age of physics.’ Within 
the space of a veiy few years, ltdntgeii rays were 
discovered and provided a new line of attack mi 
the problems of electric conduction in gases; the 
electron was isolated, and seemed to point the way 
to an understanding of the age-long puzzle of the 
structure of nialter; radio-activity was discoYcre<h 
with its apparent violation of well-e.stal>lished 
l}hysical laws, and opened up a new road which 
led no one knew where — but obviously into very 
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different territory from that which nineteenth 
century physics had so industriously and thorouvfh- 
ly explored. 

Rutherford directed his colossal encrjfy and 
tireless enthusiasm on to all these vast new ])ro- 
blems in turn, ^^y a few invest if*at ions of master- 
ly simplicity, he reduced the puzzling? pheiiomena 
of radio-activity to law and onler, and, in colla- 
boration with Soildy, discovered the physical iner 
])retation of this law and order. Radio-activily, 
they found, indicated the transmutation of one 
clement into others Ihroiiyli processes of spoiita 
neons atomic (explosion. 

Rutherford then treate<l the ^-particles which 
were emitted at these radio-active explosiinis as 
projectiles, lie bombarded atoms with them and 
in so <loinu discovere<I the compositicni of the 
atoms, finally he showed how similar bombard- 
ments ctndd change the constitution of the atomic 
nuclei, and so literally transmute the elements; 
the dream of the alchemists was realized. 

These wer4‘ ])erhaps the outstanding landmarks 
ill his career, but in truth most of his iiivstij^ations 
were key investij;ations, each brilliant in its 
simplicity of iMUiceplion, masterly in its execution 
iind far reach ini^ in its conse(|uen(‘es. Ills output 
(d' work was emu-mous and can only he explained 
by his capacity for ilelej^atiiiy all the less im]mrt- 
anl details of an investigation to a collah(;rator, 
wlnim he usually inspired with his own enthusiasm. 
In his tiair for the rijrht line of approach to a 
pi’ohlem, as well as in the simple directness of his 
methoils of attack, he often reminds us of Faraday, 
hilt he hail two »rreat a<lvantaj;es which Fara<lay 
did not possess- -first, exuberant bodily health and 
cnei-ii-y, and second, the opportunity and capacity 
to direct a baud of enthusiastic co-workers. (Jreat 
thou«:h Faraday’s output of work was, it seems to 
me that to match RutherfonFs work in quantity 
as well as in quality, we must y:o back to Newton. 

V'oltaire once said that Newton was more for- 
tunate than any other scientist could ever be, since 
it could fall to only one man to discover the laws 
which governed the universe. Had he lived in a 
later age, he might have said something similar 
of Rutherford and the realm of the infinitely small ; 


for Rutherford was the Newton of atomic ])hysics. 

In some respects he was more fortunate than New- 
ton : there was nothing in Rutherford’s life to 
eompare with the years whieh Newton s])ent in a 
vain seareh for the philosopher’s stom*. or vvitr. 
NewtoiFs output of misleading optical theories, 
or with his hitter (piarrels with his eoiitemporaries. 
Rutherford was ever the happy warrior happy in 
his work, happy in its outeome. and happy in its 
human contacts. 

Through the tragic <*ireniiistaiie«' of his death, I 
slaml before you as your President. I cannot tell 
yon how greatly hononr(Ml I IVt‘l by your choice, 
hut neither ean I t(‘ll yon how strongly i feel my 
nlt(‘r inadeciuaey to act as siifistitnte for tin* really 
irreat man w(> had all hoped to have with ns hen*. 

Vel I must not forget that I am here in a seeond 
eapaeity also as s])okesman of the Delegation 
from tin* British Assoeiation. It so happened that 
I was President of the A.ssoeiation in 19)14. when 
wi* received your invitation to join yon in (‘aleutta, 
ami I vividly rememlxT how anxious your reju’e- 
senlatives W4*re to do evxuything possible to make 
our visit not only seiiuit ifieally fruitful, hut also 
pleasurahh* to ourselves. 

I am sure I speak for tin* whole of the Kuropcan 
d(‘pulatiou ill thanking you ouec again for your 
lavish and earefully planned hosjvitality. 

To Siiiiie of us --but only a few Iiuiia is vv<‘ll- 
kiiovvn territory; others I tliink the majority--- 
come here for the first lime. Hut we all feel a 
special interest in being kcre for tin* ‘ioth Anni- 
versary of your Indian Association. The (pmrler- 
eeiitury of your existence has been a period of 
stupendous developments in almost all hranehes of 
seienee, and certainly not least in those which have 
formed my own tiehl of work. Twenty-live y(‘ars 
ag(» the astronomers were still debating as to 
whether tin* great spiral nehuhu* were inside the 
galactic system or outside; estiniales of the 
distances of these nebulae dilVere<l by factors of 
at least 100, and the vast nniv<-rsc of cxtra-galaclic 
astronomy was still cIoscmI territory. The genius 
of Fin.stein had already given ns the resirieted. 
theory of relativity- the simple ])hysieal theory 
which grew out of the Michelson- Morlcy experi- 
ment — but the more complex gravitational theory 
was still unborn, and we were still perplexed by 
its puzzles as to whether the universe was finite 
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or iiifinili*, ;iiMi wlirllicr s|>;icc ;jm( 1 linn* \\»*r<* n*?il 
or uniTcil. li) plivsics. Pljiork IumI uiviMi iis tin* 
rinlimriit.-iry ijuniit mn-l ln'ory wliidi wns r<‘i|iiinM| 
l)y tile pliciuMiirii.i of hl.Mck ImmIv radiation, hiit 
its application to atomic pliy.sics was yet to cjmic. 
llutl>crfoi*(rs rpncli-makiii'j invest iuat ion on tin* 
scaltcrinji of rv particles by at»)ms had just, hut 
only just, sln*\\ n ns the atom as w<* see it to day 
the heavy iiiH'leiis v\ ilh the ch)nd of liuht elc(*1roiis 
.‘•iirroiiiidin^ it. rmhr iimnediatcly seized upon 
this concept and developed it furthei’; he slu'Wed 
how the (plant uin theory could applied to tin* 
movements of this elotnl of electriuis, and madt* it 
yield an interpretation of atomic spectra. < >n this 
basis were built tii'st tin* old (plant um- 1 Insu-y and 
then ttic far \ aster struct iires (»f the rii'W <piantum 
the(»i‘y and the wave imxdmnics. Finally the new 
science of nucli‘ar physics came into bein^-, larjicly 
as a personal ei'eation (d* Kut herbual ; his very 
last utterance on Ihissubjcid was written es])ccial- 
ly for y(»u, and in a few minutes 1 shall be readiiiji’ 
it to you. 

Nor has India stood idly by as a mer<* specta- 
tor of this most thrillin«i p('riod in tin* histo]*.y of 
S(*i(‘iicc. Thes(‘ twenty-five years hav(‘ not only 
seen yoiir a.ssociation iinu'ease from intinitesinial 
bee-inniims to its present int(‘rnat ional inip<»rlance; 
th(‘y have also seni tin* phenomenal lurowth of 
India as a scientific nation. In Hill thei-e weia* no 
Indian-boi'Ji felb»ws of tin* Koyal Society; to-day 
theia* arc bnir. in IDIl the Koyal Society 
published no papers by Indian.s, in lfl.'Jfi we j)tib 
lishe(l ten. Vet statistics are dry thing's, and even 
tliose which shew an infinity-fold increase convey 
a less vivid picture than a few ('oncrete examples, 
such as each of us can find in abundance in his 
own subject, d'ln* mathematicians and physicists 
will probably find tlunr thoiiudits turnin^r, as 
mine do, to the stranjicly intuitive j*enius of 
Kamanujan and to the remarka))le discoveries lie 
had made in j)ure mathematics before death 
snatched him prematurely away; to tin* work of 
Sir N’enkata Kamaii in physics, and especially 
his flisef.very of the effect which is known by his 
nann* all the world over; to many invi'stijiations 
in sotind and the th(‘ory of music made by Kaman 
and a host of others; to the work (d Saha in 
astrophysics, whicfi ••aVe us mir first clear under- 


standing: of the nn'miin**’ of stellar spectra, ainl 
so unlocked the road to vast n(*w fields (d' astro- 
rKMuical knowb'ilo-e ; and ii) the work of many 
Indians, amony wlnmi I would sp(‘cially mention 
( Miandras(‘khar and Kothari, on conditions in tin* 
interiors of the stars. .\nd I am sure that not only 
the mathematicians and physicists, but workers 
in all other fields as well, will lx* thiid^ine- with 
admiration of tin* remarkable ingenuity and 
experimental skill slu‘wn by that yreat Indian 
scientist, tin* lat(‘ Sir dafiadisli Fhamlra l-iose. 

If such names ami achievements as these 
come into the mind (d‘ a W(U*kcr in one only (d’ 
the many vast ru*lds of ■sei(‘n(‘(‘. we can form .some 
slij^ht idea (d’ tin* richness of India’s eonti-ibution 
to science as a whob*. 'rhinkinji' on this j^reat 
cold riluit ion. W(‘ of the liritish Association con 
urafulale you of the Sister A.s.sociat ion most whole 
heart(‘dly. not only on Ihi* completion (d‘ ymir 
twenty fiv(‘ years of (‘xistence, but even mon* on 
the wealth id‘ harvest you have jiathered in that 
t went y -live years. 

Lord Rutherford’s Address 

Introduction 

Duking tin* past fifty years, the Hrilish Associa 
tion for tin* Advancement of Science has be(‘n in- 
vited on many occasions to liold its me(*tin}i’s 
overs(*as. h’our times it has jourm*yed to Canada 
(.Monlrt*al 1SS4. Toronto 1S97, Winnipeg IDOtL 
Toroido U)24). twict* to South Africa ( lilt lb, l!)*J!l’. 
once to .\uslralia (1914). This policy (d’ l!i« 
.\.s.sociat ion id’ arran»in|*' occasional mci'tinjis in 
our Dominions has j)rov(‘d an nmpialitied success 
These ovi‘rseas visits have had a marked intiuciKM 
on the p»*oy:ress of science thi’ouiilioul onr (’omnioii 
wealth and by personal contacts have lielp(‘d much 
to promote mutual understanding and (M)opi*ratioii 
between oui' ])(*oples. 

The visit (d’ a representative ‘i:roup id’ scientitic 
men to our most distant Dominions in 1914, in itself 
an outstanding (‘V(*nt in the history of the Assoi'ia- 
tion was i*endered (‘ven mori* notabb* by the 
dramatie circumslanc(*s under which the meeting’s 
were held, for the arrival of the pai’ty in Australia 
coincide'l with tin* news of the outbreak id’ the 
Creat Wat* Anyone who like myself took ]>art 
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ill tli(‘ ill Aiistnilin mikI New Zeahind in 

those tronhlefl l>ut stirring- limes eaii never t'oryet 
the warmth of onr reeeplion. Wo wow |)rivil(‘.t'<'d 
to witness that womlerfnl response of the jieoples 
of these lands to the call «»t' daiij^er a ri‘si)onse 
whieh we know *irew ever liieater with tin* need. 

It has lon^ been the wish of the lirilish Asso 
eiation to hold a meeting- in India, and dirtieulti<‘s 
oT time and elimaie alone have stood in the way 
of its reali/.at ion. It has been t'onnd most eoe.- 
venient for the overseas visits to take pla<‘e in the 
summer months hut sueh a time is (piile unsuilahle 
for India. This diftieulty would he in i>art sur 
mounted if a repr(‘senlative party of seientifie 
men eould obtain leave of ahsenee from their 
duties to visit India duriii”- lh(‘ eold w(‘ather. 

'rile eelehration of the Silv<*r duhilee of the 
founding’ of the Indian Seienee Conjiress Assoeia- 
tioii olVm'ed a suitable oeeasion for sueh a visit, 
and arrangements have been made through the two 
Assoeiations to hold a joint meeting' in India. I 
jiladly aeeepled tin* invitation of thi* two bodies to 
pn'siile over this etmibiiUMl meeting'. I feel it not 
only a ‘ireat honour but a ‘•real jirivile^'e and res- 
ponsiliility to be asked to fill this post on sueh an 
liislorie oeeasion. Tliis visit of the Ibdlish Asso- 
eiation to your shores is a symbol of our desire to 
extend the hand of yreidiny- and fellowship to our 
slst(‘r soeiety and also indivi<lually to our eo- 
Workers in sei<>n<M‘ in India. 

Whib* seiene<' has no i)oliti<‘s, I am sure it is 
of “00(1 omen that our visit happens to fall at a 
I'lin* when India is eiiterinu upon a iu‘w and 
important era of responsible e(»operative j*<ivern- 
meiit in the sueeess of whieli l)oth t>ur et)untrii*s 
are de(‘ply eoneerned. 

tbi behalf (»f the Uritish Asso<*iat ion, I extend 
to the Indian Assoeiation our warmest eontrralula 
lions on this the twenty iifth annivei'sary of its 
Inundation and our sineere wishes for its eontinued 
sueee.ss. We reeo^iii/.e that your Assoeiation, both 
in its eonstitution and its aims so elosefy resembl- 
ing the British Association, has proved of f»reat 
si'rviec to the prooress of seienee throuoliout India. 
I’ounded at a time when the univei'sities were 
ln'<'timiut»- centres of orij»iiial research, it afl*i)rde<l 
t‘> a wiilely scattered scientific eomniunity a much 


needed common meeting uround for the diseiission 
of seientifie probbmis. It helped also to brinu t<» 
the attention of tin* intt‘restt‘d public the import- 
ance of science and of the scientific method in 
n.'itional d(‘velopnn‘nl. I think it (‘an In' safely 
stated that the siU'ci'ss of the mcetinus of tlie Indian 
I Science Coimress) .\ssociation in no small dejiree 
iniliH'nci'd the later foundation of specialist 
so('ielies in India, foi* t'xaniple, the ('luMnical 
Society and rhysi(*al Society. 

Hi) .su(‘h an o(‘(‘asion as this, we must not 
forget to do honour 1 (( those who wma* larmOy in 
strinin'iital in fonndiim your .\sso(*iation and in 
jiuidiii'^ its infant sl(*])s. I would relVr in parti 
cular to l*rof(‘ssor Simonsen, BrotVsor MeMahon 
and your first I'residmit Sir Sydney Hiirrard.* 
The Association owed muc'li in its early days to the 
friiMidly support and encoui'a^cnumt so freely 
»iven by that premier Indian Society, the Koyal 
Asiatic Society of Ihumal of which I am proud to 
be an honorary memhei*. 

Work of the Indian Scientific Services 

In earlier days in India, reseai’cli was largely 
(‘ontined to t he ereat scient itic servii*es, init iated and 
maintained on a licneroiis scale by the Indian (lov 
ernment, for exarnpb*, the Surve.y of India, the 
tJeolojiical Survey, the l»otanical Survey, the 
Departments of Ajiricnlturc* and Meteorology and 
many ollieis.l Pioneer work of outstandiny 
sciiMititic imporlanc(‘ lias been done by all thest* 
services. In the sliorl time at my disposal, I ean 
only make a iiassiim refercinc to a few items «d‘ 
work accomplished, and can mention only a few 
of the array of tiisi in”nishc«l nano's which have 
be(*n connected with these ^reat scientific services. 

The 'rrivoiiomelrical Survey of India has a loim 
and (list iimuisheil history, 'rin* splendid sei'ies of 
ueodetic measurements aloim an ai*c from ('a|)e 
t'oiiiorin to the Himalayas, made by Kveri'st, was 
of outstandiim' importance and liis nann* is for 
ever associateil with the hii.iliest p(‘ak in the world. 
As a result of this survey, the detlections of a 
plum!> line, dm* to the uraN'ital ional attra(‘lion of 

• T)\e lir>l l‘le^ilU•^l \\:ls tlic 1 ilc Sir .\^un»>.li .Miiokcijcc, 
Sir Svlnc\ lUmard prcsidtil in P lo Kd. Sc. & CuL 

T l’i»r tlie accumits of llic.s** r/dt' Svii.Nv K .V Cri.TCKK, 
Vol No I*. SMpi»lciuriil.— Kd. 
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ilio ranK<‘. wero ilotermiiird al difFeront 

points. A careful comparison of the resulls of 
ol)scrva1ion with calculation. Iar«:ely due to the 
work of Archdeacon IValt of (’alcutia and later of 
Sir Sidney Burrard, disclosed marked <li.sere- 
pancies, ti<e eiTect of the mountain mass at a 
distance l)ein ‘4 much less than was expected. 
.\1 tempts to explain these and other anomalies 
ultimately led to the rormulation of a new 
and important tiu'ory o)' mountain formation 
known as the principle ol* isostasy. t)n this 
hypothesis, the exce.ss pressure due to a mountain 
mass is eom])ensated Tor hy a deticiency (d* matter 
helow its })ase. This eonelusioji whi<di is in accord 
with extensive “ravitational as well as »eodetie 
mcasuiMMiients in India, is helieved to he of *»:eneral 
application lo nionnlaiti formation ihrouuhoiit Die 
worhl. 

I may r(‘call that a former distinguished Super- 
intcnlent <if this Siirvey, Sir tlcrald Lenox 

(’tmynj'ham is Head »>f the Department of (leodesy 
iti ('amhri<l«e. 

The <i(‘olo«:ical Survey, <uie <d‘ the <»ldest 

.scientific services in India, lias a fine record of 
w<u*k acconijilislusl and its survey of tin* mineral 
resources of India has proved of «reat value to 
Indian industry. Aiming many distinj»uishc<l 

names, I may specially mention that of Sir Thomas 
Holland, a former Director, who has d<»ne such 
•rood work for y«)ur country in peace and war. 

I helicve that it was larj^ely due to his energy ami 
seienlili<* insi^iht that the yreat Tata Iron and Steel 
Works were he^un.* 

The Department of Metcorolojiy has done 

much pioneerinji: research and was one of the first 
It) realize the importance of st inlying the comli- 
tions td’ the uf)|»er air hy means of small balloons — 
a subject of evei* increasiiifr im])ortance with the 
atlvent of the aeroplane. I have always felt a 
certain connection with this Departmeid as many 
of its members are known to me personally. 
Amoni^st them is Sir (Jilliert Walker, a former 
Director and once President of this Association, 
who tlitl mucli to imiirove the Meteorological 

' For ii hislorv of the Tala Iron ami Sleet work, see life 
ol I. Tata 1)> 1'. R. Harris IDxfonl Tniversity /i’d. 
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Service in India and himself made important 
orifrinai contributions to our knowledge of the 
South-West Monsoon. [ may recall that the pre- 
sent ilistiiiRuished head of the MeleoroloRieal 
Office of Oreat IVitain, Sir (leorRe Sim])S()ii, was 
for many years a member of this Indian Depart- 
ment. 

The stmly' of the botanical riches of India owes 
mucli to the woj‘k of Roxburjrh, Wallieh and Prain. 
and also that explorer and naturalist Hooker, 
whose work on the ffora of British India is known 
to yon all. 

In forestry, India has at J)ehra Dun probably 
the finest research laboratory of its kind in the 
world. We in Knf*:land owe a dehl of j*ratitnde 
to India in providing ns with our di.stin^iiished 
Professor of Porestry at Oxford, IVofessor B. S. 
Troup, ami the first two <lirect<)rs of our Pores! 
Pixxinets Laboratory, namely Sir Kal|)h Pearson 
and Bobertson. 

While in this brief survey I can only mcniion 
a few depart mcids out of many, yet I must not 
omit to refer to the f>real advances in knowlcdyt* 
due to the Indian Medicad Scrviet‘, so well rei)re 
sented by the pioneer work of Boss on malaria and 
by Leonard Boj>crs on cholera and leprosy, re- 
searches which jiavc new liojx* to the people of 
India. 

Beginning of Teaching of Science in India 

In the c.arly days of tin* Indian universities, 
attention was mainly directed to teaehiim ami 
examining the larj'c mimliev of students wlio 
pre.sentoi] themselves and comparatively little 
attention was paid to research. There were always 
a f**w, howevm*, who reeo«:nizeil that the nni 
versitie.. had a wider pari to play in Indian ediica 
tion, and should become centres of re.seareh as well 
as of teaching. Amongst those ])ioneers wlm 
distinguished theniselv(?s by original investigations 
and by the stimulalioii of others, J should parti 
cularly mention Sir Alexander Pedlcr, Sir Alfre<l 
Bourne, Sir Jagadis Bose ami Sir Prai'ulla Ray and 
it is of interest to recall that the last three havr 
all been presidents of your Association. 

As a result of the CHirzon Commission on edina- 
tion in 1904, many of the universities iritrodneed 
Honours courses, and by new appointments am! 
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iiiiprovoiMoiils in laboratories stimulated researeh 
ill science. Excellent well ecjuipped schools id' 
rescMrch have arisen in many Indian univcrsilies, 
where >i:ood (»])poi‘tunities are available lor the 
irainini;' ol‘ potential iiivestif^ators in the methods 
of research. The Indian student has shown his 
capacity as an orijiinal invest ijrator in iuany fields 
of science, and in consecpieiicc India is now taking* 
an honourable part and an ever-inci‘casin«: share 
in the advance ol' knowledj^e in pure science. 

Some outstanding Indian Workers in Science 

.Amonyst many workers nf distinction, I may 
specially mentio!i Sir \’c?d<ata Raman, Professor 
Saha and Professor Sahni each of whom has made 
outstanding (‘ontribut ions. That piaMiiier scientific 
society of (Ireal Pritain. th«‘ Royal So<'icty, has 
rccojinized tin* value of their work by election to 
its Pellowship. 

We in (treat iJritain watch with pri«lc this 
irrowth of the scientific spirit in India ami arc 
pleased to helj) in any way we (‘an. As an example 
of our intei-est, I may rec'all that Trinity (’ollejie, 
('ambridj'(‘ my own colleac' assisted that mat he* 
mati(‘al g(*nius Ramanujan to (Muitinue his studi(*s 
in Pambridtie. He was soon eb‘cted a Pell(»w of 
that CollejAc and a Pellow of tin* Royal Society. 
Put for his premature death, it may be srdd of 
him, as Newton said of Poles, that we had known 
somethiiifi:. 

The researches in ast rophysi(*s of Phaiidra- 
sekhar in Pambridjie were at once recoj^nized by 
the award to him of an Isaac Newton Studentship 
and later by his election to a Pellowship in Trinity 
Pollejre. 

llie 1851 Exhibition Scholarship 

As a member of the Royal Ponimission for the 
Exhibition of ISol,* I would like to nd'er to some 
events this year of special interest to India. This 
('om mission awards each year a number of Over- 
seas Scholarships to our Dominions as well as 
Senior Jtesearch Studentships oiien to competition 


« Kclitorial Note— See in this roiineclioii. Scihnck it 
i/ruRii, Vol I, pp. ISO S2. —AW. Science and Culture. 
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ill England by all members of our Pommonweallh. 
The (ipportunity offered by these scholarships to 
promising investigators from overseas to continue 
their work in England or abroad has ])roved of 
great value to the ])rogress of science. I am prcuid 
to remember that I mys(‘lf was awarded an IS.Al 
Scholarship on the r(‘commcndatitm of tin* I’nivcr 
sity of New Zealand. 

It has for si))iic time been the wish of the IS.M 
Ponimission to be able to offer one oi‘ more of ils 
nvers(‘as Scholarships for award to students in 
India. Owing to dirticulti(‘s of linanci*, it was only 
this year that this jiroject was realiz(*d. .\ pre^ 
liminary committee of selection was sot up in 
India and the Ponimissioners with whom lay the 
final choici* have appointe*! Mr. N. S. \ag(‘ndra 
Nath of tin* Indian Institute of Sci(*nci*, Paiigalorc*. 
as the first 1S.’)1 Exhibition Scholar fi'om India. 
He has (mhik* to Pambridge to carry »»ut invest ig 
at ions in 'rh(*ori‘tical Physics, h’or tin* first tinn* 
also, an Indian stud(*nt in Pambri lg(* Dr. H. .1. 
Iihabha has lK*(*n awanb'd in open (‘omp(*tition one 
of our valuabb* Senioi* ISol Stud(*ntships in re* 
cognition of tin* iniportanci* of his r(*searches in 
theoretical physics. The (’ommission would like 
to In* in a position to allof a second sci(*nce scholar 
shi)) to India but funds arc* insufficient. The 
•iiachinc'ry however is tln*re and I know that the 
P(»m uissioin*rs would be only too hap])y to ad- 
minist(*r a .second award if anyoin* in India who 
is interested in her sci(*ntific progress were 
g«*in*rous (*nough to provide tin* necessary 
endowiin*nt. 

Future RcAle of Scienre in National Life 

While as we hav(* seen, tin* univ(*rsities (»f India 
have* in later y(‘ars made substantial progr(*ss both 
in teaching and research in scieiua*, yet it must be* 
borne in mind that still grt'ater r(‘spoiisibilities are 
likely to fall on th(*m in the n(*ar futun*. This is 
in a sense a sei(‘nlific age where there is an ever- 
increasing recognition throughout the world of the 
importance of science to national dev(*loi)ment. 
\ number of gr(*at nations are now expending 
large sums in financing scientific and industrial 
researeh with a view to using their natural re- 
sources to the best advantage. Much attention is 
also paid to the improvement of industrial pro- 
cesses and als(» to conducting res(*arches in jnire 
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sririHM* wliiclj i1 is iiijiy iilliiiuih'ly Ifn.l 1(» 

tlir riso nf iK‘\v iiuliisl I'ics. 

It is iiatui'iil to look to tlu‘ iuiiv(M‘siti(‘s nm) 
tfcimirjil iiistitiit ions for tin* selection iin l ti*ninin'i' 
of tlic sc'ienlitic nieti iMM|ninM| lor this devcIopiiKMit. 
Ill liifli;!, ;is ill iii;iiiy otiirr (‘oiiiitrirs, tliriT is likriy 
to l)e :i j 4 rt*;iler <leMniii<l in the ne;ir I'liturc for wrll 
tniilUMl seieiililie men. NVitli tlir ^rtiwtli of rospoii- 
sihle jLiovei'innenl in In liji, it is to he nnticijintcd 
tinit llu‘ slnlV r(‘(piin'd for the s<‘i<‘n1itie serviec's 
ill liidiii .‘ind for indiislri:il resenndi will more :ind 
more hediviwn I'rom slud<‘nts triiiiKwl in the Iiidinn 
universities. It is thus im|M*r;ilive Unit the 
universities shouhl he in :i ])osilion mit only to 
jiive u sound tlieondienl ;itid pnielienl instruetion 
ill the v.-irioiis hriiiielies of scimiee hut, what is 
more dinieult, to select I'rom the main body ot* 
seieiitifie sludcmls those who are t<» he fraiiM'd ill 
the metiiods of ri'seareh. It is from this relativ<*ly 
small H’rnii]) that we may expect to obtain the 
future leaders of res(‘areh both for the universities 
and for j.'eiuu'al resea ndi o<^anizalions. 'Phis is a 
ease where (juality is more important than (jiiantity. 
for experience has shown that tln‘ pro}*'ress of 
seienee <lepemls in no small jle^ree on the 
emeryenee of men of outstainlinj^’ ori^tinality of 
mind who arc* tmdowed willi a natural capacity 
for sc'ientifie investiyalion and for stimulating: and 
directing: the work of others aloiij^' fruitful lines. 
Lea<lers of this type are rare hut are essential 
for the siu'cess of any research or«;anizat ion. 
With ineftieienl leadership, it is as fatally easy to 
waste money in resea r<‘h as in other branches of 
human a('tivity. 

Training and Maintenance of the Research Worker 

The selection of such iiotential investigators 
and lea<lers is not an easy task, for success in 
i‘\aniinalions in science is no certain criteritui that 
tlM‘stinh‘nt isfittec! fora i'(‘S(‘arch career. A preli- 
minary trainiim in research mctlunls for a year or 
two is n'uuiiMMl to select those who possess the re- 
(piisite (pialiti(‘s of originality and aptitude for 
iuvestii»al ion. \ syslcmi of grants in aid or 
scholarships to approved students may he r<M|iiir(‘d 
for such post'jraduate training. In (treat Uritain 
the tinancdal help iii\en by the universities aiul 


other edu<*a1ioiml institutions for training in re- 
searcji is in many cases siijijileunuited by main- 
tenance grants to promising students, awarded by 
the l)ei).‘irtment of Seientitic and Industrial He 
search. This system has ])roved of much valin* 
both in develo])ing the re.search activities of the 
universilie.s and in proviiling a supply of com- 
petent men both for research in ])ure science and 
in industry. 

I luivi* so far nu'iitioiied some aspects of the 
seientifi<* work carriiMl out by the universities and 
( lovernuHMit services of India. I am well aware 
that much attention has also been lirectt*(l to llu* 
neeil tif scientific research in agriculture, and in 
certain industries. A cotton re.search association 
has been s(‘1 up which has given admii'able servii'c, 
while the Imlian Lac Institute arranges for in 
vestigations in that uni(pi(‘ Indian product, some 
of which are carried out in ( treat l>ritain. I am 
interested to know that an agricultural research 
council has rec'cnlly been formeil, largely as a 
result of the findings of a (‘ommission of which Mis 
Excellency the X'iceroy was (Miairman. 

Need of National Planning 

While I caufiol lay claim to have any tii’st-hainl 
knowledge* of Indian imiustrie's and comlitions yd 
I may be* allowiMl to make some gen(*ra1 observ 
ations on the imporlaiUM* in the national in1<‘rest 
of a planiM'el schcuu* of ia*se‘ai‘ch in applieel scie*m‘c 
If India is elctermiiu'd to elo all she <*an to raise 
the stamlards ed' life and health ed' In*?* peoples 
and to hold her own in the markets ed' tin* world, 
more ami im)re use must be uunle ed* the hel]) that 
scieiu'e* can give. Scie*m*t* can ln*lp In*!’ to make 
tin* b(*sl use of ln*i* material resources «d’ all kinds, 
and to ‘nsun* that hci- industries aia* run o?i the 
iinest efficie*nt liin*s. Xatieenal i’ese*arch I'cepiire-N 
natieuial planning, if i’(*sea?*ch is to be* elirecte'd 
in the nmst useful ilirection, it is just as impeirtaiit 
for a natieui as for a private fiiaii to decide what it 
wishes to make and s(*ll. It is cl(*ar also that aii.v 
.system of organized research must havi* l•eganl 
to the economic structure of the country, (hn* 
essential fa<*t at once stamls out. India is mainl\ 
an agricultural country, for more than thiac 
fpiarters of her jieople gain their living from the 
land, while not mon* than three per cent art* sup 
ptirted by any single industry. A glance at ihc 


SCIENCE A 
C V h T t K E 


364 



GENERAL PRESIDENTIAL ADDRESS 

official review of the tra<le of India shows thfil the 
annual production of wheat has risen since 1914 
from ahoiit to 9.0 million tons while exports 
in the same period liave fallen from 1.2 million 
tons to 10,000 toils. In the case of another 
important food, rice, the Indian ])roduction, ex- 
clusive of Ihirmah, has remain(‘d fairly steaily, 
varying- between 22 and 25 million tons annually 
hut here also exports have fallen from about half a 
million tons Indore the War to about 200,000 tons. 

In view of these facts, it wmild seem clear 
that, in any national scheme of research, research 
on foodstuffs has a primary claim on India's att<‘n 
tion. (juite apart from improvements in the 
systems of a^M’iculture use<l in India, there is a 
vast held for the application of scimitific 
knowledge to the improvimient of crops, for ex 
ample, by seekinji' for impnjved strains suitable 
for local conditions, by rt'search on fertilizers and 
in many other direct i«uis. 'I’he fact that surplus 
wheat for export has ilecreased sutr^ests that the 
pr(*seut production is recpiired for home consump 
<ion in India. When the ])ermanent schemes of 
irrigation now in hand brinjf much more land 
under full cultivation, Irnlia may aj^aiii wish to 
lake her place in the import market. To do this 
in the face of international com])etition, well 
planned ajrricultural research will be essential. 

While the character tif Imlia’s exports has seen 
many <'han»es in the last hundred years, to-day 
exports of cotton, .jute and tea amount to about 
tiO per cent of the total exports of India. Nt*xt 
in importance come oil ami see<ls b per cent, hides 
5 per cent and lac 1 per cent. There is no tloubt 
I hat more scientific knowledfre wouhl increase the 
production of all these thinj^s. There is of course 
the need to make sure that there is a market for 
such surplus. Of India’s staple ex])orts, cotton 
represents about 20 iicr cent of the total value. 
It is characteristic of Indian cotton that the staple 
is short ami, until the cultivation ot better 
varieties is more j^eneial, no com])etitiv»n will lie 
possible with eott<»ns of the American type, and 
trade must mainly be confined to the Indian 
iiiarket and the far Fhistern countries. Here 
there appears to be a wide field for applieil 
research, (lood work has been done by the 
Indian Cotton Committee which has taken stops 


to improve the staple and. prevent adulteration 
and inter-mixture (d‘ vai'ious varieties. The pro 
blem can be approached, Imwevei*, not only in I he 
scekini*- of better varieties but in timliiio usi's and 
methods of treatment fm* the .short staple variety. 
The importance t)f research on the cotton itsi'lf is 
well bronyhl lioim* by the results achieviMl in the 
Cnited Kingdom. The Cotton Uesear<*h Associa- 
tion tlno'i' has found that many of the di'fects 
which appear in the finished article can be traced 
back to defects in the raw material. 

Need of a Radio Research Board of India 

Ciiially a word mijrht be said conciu'iiiu}: tin* 
need for ri‘search on radio (Miminunicaf ion, so ini' 
porlaiit a matter to a lar^t^ (‘ounti'y like India. 

I ih» not refer to technical reseai'ch in li'ansmittin'i 
ami receiving- apparatus, but rather to the type of 
fundamental invest ir.ation ])ursued under the 
Kadio Ke.search Hoard in tireat Hritain. These 
ill vest ijra I ions, beyun in the early days after the 
War. hav(‘ shown that the propagation of ra«lio- 
'.vave.s over larj^e distamM‘s is very d(‘pemb‘nt on 
the electrical state of tiie upper atmos|)hen‘. It 
is now established that a number of electrified 
layers exist in the hii^her atmosplun'c whi<'h umler 
certain <‘onditions are able t»> reflect eb‘<*tric 
wave.'.. The details (d‘ this electrical distribution 
var> considerably with tin* Inuir of tin* day and 
with the sea.son of the y(‘ar, as well as with 
jieojirapiru'al location. Such informatitui, which 
is of practical importance in lh(‘ selection of the 
most suitable wave bmjiths for radio-communica- 
tion, must obviously be sccuimmI by n'seareh cou- 
ducted in the country itself. Moreovm*, it does 
not seem im|M).s.sible that such a survey may prove 
of value in loiiy-raiit^e weather forecast in*:. 

There is here then much scope for research in 
a wide ru‘ld, which 1 hope, will be pursued vi^oi*' 
ously in In.lia. It is ])leasant to note that a more 
])romisin^ sta^e in tackling fundamental radio 
problems id* this character has already been made 
here by Professors M. N. Saha and S. K. Mitra 
ami their students. The im])ortanee of survey 
work of this kind has already been recognized in 
other i)arts id' the Empire when* it has reccivnl 
official support and encourafAement. 1 will refer 
in particular to the admirable work in this field 
by the Radio Research Hoard of Australia. 



GENERAL PRESIDENTIAL ADDRESS 

Industrial Research in Great Britain 

N\ liile I I'fcojinizr tin* ‘rrojit wliieli 

oxist tin* mihI ajun'irultitral «m»ii 

<liti()Tis ill (iroat liriJaiii ami Imlia, yrt it may 
prove of some iiiteiesl ami. I hope, of soim* value, 
if I trive a brief aeeouiit of the ways in which 
the l»ritish tlovernmeiil has ai«le<l scientific ami 
industrial research in tin* periocl following the 
(Jreat War. From the dawn of tlie scientific a^e. 
(•real Britain has taken a prominent place in 
advanciinr knowledye both in pure research in our 
universities ami in ap])lied research for the 
development of imlustry. Ihdore the War, pro- 
^»^ress in imlustry depemled in the main on the 
brilliant contributions of individual wtu-kers 
rather than on any systmnatic attack by scientilic 
methods on the problems of imlustry. We may 
instance the pioneer work «d‘ lle.ssenn*!* for the 
sl(*el industry and of Parsons in the developnuml 
«>f the steam-turbine which Innl such a jireat etVect 
on the power-imliistry. One cannot pay too hijrh 
a tribute to the ‘ircatiu’ss of the achievements of 
tlie.se individual inventors and inv(‘.stij»a1ors, for 
it was larj^i'ly due t<» them th/it Orcat Itritain 
obtained such a ^reat industrial position in the 
last century. Vet I think it is true to say that 
in the p<*riod before the War the country as a 
whole failed to reco};>nize as fully as some otln*r 
nations the importaiK'e (d’ an orj'anize<l scii'idific 
attack on broad lines on the probb'uis of industry. 
In a number id* cases, British Science izave ideas 
to the world, but it was left to other nations to 
develop them by intensive research and to reap 
the industrial benefit. 

Need of Cooperation between Scientist 
and Industrialist 

This weakness in our orjianization became 
apparetd in the War when the production of muni- 
tions and materials threw a ^reat strain on 
industry. The common tian;;er brought tbe in 
dustrialist and man of science into close coo]>era- 
tion to their mutual benefit. The restdts of this 
cooperation surpas.sed all expect a lion. .\ew 
chemical ])roce.sses were evolveil, many new ile- 
vices arose while communications were revolu- 
tionized by the rapid development of the 
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thermionic valve. In a hundred different ways, 
the cooperation of science with industry had justi- 
fied it.self by its succe.ss. 

State Organization of Research 

Karly in the \Nar, the Bi*itish ( lovcrnnu'iit re 
co<*nize(l that, when peace eaiiie, a more systematic 
ap])iication t)f .seicnee and research over a broader 
field was c.sscidial in the national interest and, 
amid the distractions of war, set ii]) the necessary 
machinery to accomplish this. In 1915 the 
Department of Seientifie and Industrial Research 
was formed, and a few years later, in 19‘J0, the 
Medical Res<‘areh (*onncil was .set up to undertake 
investitralions in all matters connected with the 
liealth (d* the people These were followovl by the 
lormatioii in reeeni years of the Aj»rieul1ui‘al 
Researeh Foimcil. The formation of the D.S.l.b*. 
marked the first comprehensive and oriianized 
measure taken in (Jreat Ib’itain to help industry 
ticnerally throujih tin* application of seieiiei*. .\ 
iiuiidier of new researeh orjraiiizations were set up. 
controlled and financed by the Department to dc.-d 
with the sei(‘ntilie aspeids of the use of fuel, i>f 
the sloraj^e and Iransport of food, of building and 
later of roads subjects of ui*eat importaui'e i(» 
the common welfare of the ])eople but oii wliicli 
little if any organized research had been undei* 
taken. 

Fuel Research Board 

Dual is the yrealest material asset posse.ssed !•> 
(ireat Ib’itain for on it mainly depends the heat 
iiig of our homes and the production of power foi' 
most industries. Its better utilization is a problem 
of ‘;rcat national importance. To achieve this 
jmrpo.se tbe Fuel Re.seareh Itoard was formed ami 
a large laljoratory was erected at (Jreeiivvicli l«» 
carry out investigations on tbe better and more 
economic use of coal. .\n important seel ion of 
this work is a national survey of the coal resmircc.s 
of (Jreat Britain earrieil out in special laboratories 
ill tbe .several eoalfield.s. The pro|)erties of tlie 
coal ill the various seams are carefully examincil 
and, if necessary, full scale trials are made at tin 
Fuel Researeh Station to test the suitability of tin 
coal for earboiiizatioii, for steam raising or fm 
eonvei'sion into oil. Tlie results of tins survc\ 
whieb is still in progress, have proveil of iiiere.is 
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iriff vjiliH' not only to llie colliopy ownor and tin* 
iinhistrialist but also I'or tin* inrds of tin* (*\))oit 
tnnle. 

Research in Building 

In tii'cal hritain every year upwards of 100 
iiiillion pounds are speni on the ereeti«)n of new 
buildings and in niaintaining old ones, yet no 
organized researeh on building had been matle. 
To remedy this defieiency, the I )i*])arlnient set up 
a l>uilding Researeh Station near London where 
investigations are imnie on the maiiy and varied 
|)rol)leius eonneet<‘d with the better housing of the 
]n*o])le. h’or example, investigations are carried out 
to find seientitie ex])lanations of tlie traditional 
prae.tiees which have gr(»wn up in tin* building 
trade, t‘<»r on this de]>emls ii rational a<l,instment 
of materials and methods to meet modern needs. 
The results of such a seientifie etniuiry in tl\is 
comparatively nn(‘Xi)lored tit‘ld cannot fail 1»> have 
a mark(*il iidlnem'e on bnildiiig ('onstrnction 
generally. 

The Ibiilding Research Station embrac(‘s in its 
pi'ogramme all pr(»bb*ms connected with building 
mat<‘rials except those associated with the nsi* of 
limber. These arc dealt with at another establish- 
ment of tin* Department, the Fon‘st Pr(Mlncts 
l\b‘S(*arch Laboratory. Ileia* intensive re.searches 
are (*arried out on the Inst use of timber and its 
preservation. Tin* country spends largi* sums 
annually on timlx'r, mn<*h (d* it im))orl(*d, and in 
the national interest it is of great importance to 
IIS that tin* best value is obtaiin*d for this outlay. 

Tlie Food Investigation Board 

\'ou are all aware that bnnl represents one «d' 
l•'reat Britain’s largest imports and much «d’ this 
is transported great distain-es from overseas. An 
organizatitui was set U]i known as the Food In- 
vestigation lloanl to <*onsi<b*r the best methods of 
stoi'age and transf)ort of food, so as to av«iid waste 
and loss of fiutritive value. Much of this work 
has its centre at the Low Temperature Research 
Station in Fand)ri<lge, but a special station at 
Torry, Aberdeen, deals with the preservation of 
lisli and another at Ditton in Kent with the storage 
•d' I'ruit. Investigations in this field, which owe 
so much to the initiative td' the later Sir William 
Hanly, have t)roved very valuable in mau.y tlirec- 


timis, anil have led to great improvements in. the 
conditions of transport and storaiii* of a great 
variety of t'oodstutVs. 

The Refrigerated Gas Storage Method 

1 may give one exam]>le out of many of the 
striking eonseijuenei's of such l•esearches. 'I'he 
Low Temperature Research Station found that 
beef in a chilled state* couhl be safely stored for 
tut or Ttl days in a suitable atmosphere of carbon 
dioxide. The importance of this discovery, which 
enabled beef to be carri(*d in first laite condition 
frojii our most distant dominions, was at once 
recognized by tin* interests conc(*rned. The first 
shipment of chilled beef carried by this new 
metho I (d‘ gas storagi* was landed in I92tl from 
.New Zealand. Since that time, shipments have 
st(*adily incri'ased and most of the ves.sels built 
for the Australasian tradi* have now chambers 
specially constructed for traiispoi’t in gas storage. 

Road Research Board 

While the development id' our i*oads in the past 
owes much to tin* pioneer work of men like 
Macadam and Telford, there was no planiu*d 
organization to add to our kiniwledgi* of road 
construction until com]>aral i vely recent years, 
"hen the Road Research Station was set up at 
Harmon Isworfh, ne.ir Slough, to deal with pro- 
blems of road const rin*t ion and the study of road 
wear under modern eonditions of ti’allic. When we 
ciuisider the large sums spent every year on the 
construction and maintenance of roads, tin* m*(*d 
of such seientitie investigation is obvious. 

'Phe group of research oi*ganizations so far 
considered deals with the primary n(*ed.s and 
irdci'csts of the people as a whob* as r(*gards food, 
fuel, building and roads. \o in<b*pend4*nt 
establishment was set up to deal with aiiother im- 
portant iu‘(*d of tin* p(*opb‘. namely clothes, for 
this is most appropriat4‘ly pi'o\ id4‘d for by tin* 
large research a.ssociat ions which havt* been 
instituted in eonm*(‘tion with tin* (mtlon, wool, and 
linen industri(‘s. 

The National Physical Laboratory 

t M' tin* national organizations under the charge 
(d* the Departiin'iit. tin* Iarg(*s1 and t)robably tin* 
most important is the .National Physical Laln)ra- 
t4U*y at Teddington. which e(jv<‘rs about oO 
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acres and employs a staff of nearly 700 persons. 
The work of this hahoratoiy, primarily intended 
lor the assistance of industry in freneral, covers 
a very wide field. It has ei«rht “reat departments 
devoted to the study of I he different hranches of 
Physics, KIccIrotcchnics, Krmineerin**:, Metallnr*ry 
and Metrology, liadio (communications. Aero*dyna- 
mies and the irncstiyatio/j of ship desifrn. The 
Lahoratory is rcsponsihlc for the maintenance of 
the \atiofial Standards and for refined measure- 
ments conneeteil with them. It is not always 
r(cali/.cd to what a “r(‘at cxt(‘nt imaieru mass 
pro(iu(*tion dcptmds on tin* maintenance of 
exact standards, and the Lahoratory plays 
an important part in t(‘stin‘i- the accuracy of 
uaufics so rH'eessary in modern industry. 

In 102.') a (Miemieal licseareh Lahoratory was 
set up at Teddiimton in which pioneer work is 
hciiif; carried out on chemical reactions at hit»h 
|)ressures and temperatures and in the produc- 
tion oi‘ synthetic r(‘sins. .\nother imp(»rtant pro- 
hlem in which the Department is interested is 
the provision of more plentiful sui)])lies of pure 
wat(*r foi‘ domestic and industrial e<msumption. 
Valiiahle work has heen done hy tlie Water I*ol- 
lutioii Kesearcli Hoard in many directions and 
F»ew methods hav(‘ heen foutid for ttie purification 
of water which has h(‘en (‘ontaminated hy the 
industrial eniu(‘nts from s;marand milk factories. 

I have so far mentioned research or«:anizations 
which have heen set up to eneourafi’C the applica- 
tion of science to problems whicli affect the daily 
life of the people and the natioiPs industries 
(amsidcred as a whole. I should mention that 
these national orj^ani/.ations to which I have re- 
ferred are not only willin**- hut anxious to cooper- 
ate with correspon(finj»: institutions which may he 
set up in India or the Dominions. 

Cooperative Research Associations 

I must now refer to arranjremeiits which have 
heen made to promote the ap])lieation of scientific 
knowle(ij»e to tlie prohlems of the individual 
industries. The importance of research has lonj»’ 
heen recomiized hy larjje industrial companies, 
who have in many cases set up research estahlish- 
ments for their own re(|uirements. This teiideiiCiy 


is specially marked in the Kleclrical and Chemi- 
cal fndustries where larjre sums are spent annu- 
ally Oh research. 

It is, however, to he horue iu mind that a 
frreat part of Hritish industry is earried out iu 
small estahlishments. A survey earried out some 
years aj?o iudieated that in 12H, ()()() faetories in 
tiivat Hrilain less thait 500 employed more than 
lOtK) workers while over 1 17.000 employed lesslliati 
too workers. Obviously sueh small factories 
are not iu a position to maintain a research lahora 
tory on anything hut a small and inefficient seale. 
To overcome this diffieulty, the Department in 
conjunction with industry instituted a numher of 
cooperative resea reh associations represent iim 
the jitreater part of llie main industries of the 
country. Kach of these research associations is 
autonomous and controlled hy re])rese!itatives of 
the industry coucerru-il, and is timmeed hy contri- 
hutions from the firms helou»:ifij» to the assoeia 
lion, assist etl hy jurants from tin* De])artmcnl. 

This bold experiment in the cooperative orjia 
nizaliou of research which is uni(iuc in the world, 
has undoubtedly ])roved i: .yreat success:. Today 
tr.cre arc twcfity such vescarch associations form- 
ed o!i a national basis in their rcspc(*tivc indns 
tries and for memliership of which all Hritish 
firms are elijifihle. They cover the metal and fe.\ 
tile industries, paint, leather, hoots and shoes, 
luhher, flour milliinv, eoeoa and (*oiilVctionei y. 
food, print ijij*’, scientific instruments and tin* 
automobile and eleei: ical industries. From small 
hejj^in ninjas, a nund)er of lliese assoeia I ions have 
steadily yrown in size and stren'*th until they now 
form an imiispeiisahle and valuable part of the 
industries they represent. 

Research Increases Industrial Efficiency 

I can siieak with some knowledfre of the mark- 
ed i>roj(ress made l)y these two types of research 
orf»:aiiization, as I have been privilejfed, as Cliair- 
inan of the Advisory Touncil of the Department 
of Scientific and Industrial Research for the past 
8 years, to come in close contact with them. 
While mueh still remains to he accomplished, 
there has been a p;reat advance in recent years 
in the recognition of the value of research in in 
creasing the efficiency of industry. If we are to 
hold our own in face of the ever increasing com 
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petition in the world today, it is essential that our 
industries should take full advantage of the 
resources which science places at their disposal. 

National Research Councils in the Dominions 

It is of interest to note that the ()vi‘rseas 
Dominions have not been slow to appreciate the 
iiiiportanee of such national organizations in the 
developinent of their national resources and indus- 
tries. Healthy research organizations u?ider the 
eontrol of National Kes<‘areh (‘ouneils or eorres- 
jmnding bodies have beeii set up in Canada, 
Australia, New Zealainl and South Afriea. lioth 
i]i (.^inada anti Australia, vrhich have a Fe ltral 
syr.tem ot' governnient, the research organization 
i:; national in the true sense of vhe word and 
responsible only to the coiitral (lovernniont. 

Necessity of Research Organizations in India 

It is to be bornt' in niiud that tin' organization 
(»C research for industry and for general national 
purposes varies much in ditfereiit countries. 
A roscarcli organization whieli may provt* adeipiatt' 
fm* a country like Creat Ih’itain may i)rovt? tpiitc 
unsuitable for another country with tliftVrcnt 
nt'cds and different industrial conditions. In tic- 
vcloj)ing any organized scheme of rcscartdi, each 
country must consider its t»wn rcsonrct‘s ami its 
<»wn particular requirements. As wc have .seen, 
the orgaiiizaaion of research not only in (treat 
Ib’itain but in tbc Dominitui.s, is national in .scope. 
Kvcii in a large ctmntry like hitlia, wliere the 
rc.sources and noctls t>f the tlifferent Pi*t)vinee.s are 
very varied, it seems to me c.ssential for cftlcieney 
that the organization td' research shoultl be tni 
national rather than on provincial lines. The 
setting u]) of separate, rt'search establishment for 
similar purposes in the various provinces cannot 
hut lead to much overlapping of work and wa.sle 
<d* ed'ort and money. Sucli a central organiza- 
tion of research docs not nccc.s.sarily mean that 
the sciojitific work should nil be concentrated in 
a single laboratory. For example, 1 understand 
that a single organization is ri'sponsible for the 
research in cotton for the whole of India. While 
tlio more fundamental research is done at a con- 
veniently situated laboratory, much of the work of 


a special character is carried out in the provinces 
where cotton is grown. 

How to Plan Programmes of Research 

In (ireat Dritaiii, the responsibility for plan- 
ning the programmes of research, (?vi‘n when tlie 
cost is Imriie directly hy tlie (lovernmciit, rests 
with research C(Uineils or committees wlio are not 
tlnnnsclves Stat(‘ servants but distinguisluMl re- 
l»rc.sentalive.s (»f i.»i!i*c science ami indiistry. 
li is to 1)0 liopul tliat if any ('()m])ar- 
able oi’ganization is developed in India, there will 
be a proper representation of scientific men from the uni- 
versities and corresponding institutions and also of the 
industries directl}) concerned. It is of the highest 
imi)ortam*e that the detailed planning of res(‘areh 
shoubl 1)0 left entirely in tin* liands of thos«* who 
have the recpiisite specialized knowledge of the 
1)roblems which re([nire attack. In tln‘ British 
mganizations th(‘rc is no political a 1 im)sphere 
but (»f cour.se tin* responsibility for albx'oating tlie 
neee.s.sary funds ultimately rests with the (Jovei’Ji- 
meiit. 

In this a<ldress, 1 have to a largi‘ exltmt ctmfined 
my altcnlion to research in part* science, agricid- 
tiirc and industry. 1 am, however, not unmind- 
ful of the pressing m‘(‘ds of India to alleviate the 
sufferings of the people iVom attacks of malaria 
ami other tropical disea.scs. I know that India 
herself is giving miieh tlioiight to thc.se vital pro- 
blems in which scienet* can give lier valuable help. 

Transmutation of Matter 

I liavc so far spoken of the importance of 
.science as a factor in national development, but 
before concluding my address, I would like to 
refer to .s(mie iiive.st i gat ions in pure science in 
wliieh I have been i)ersonally mucb interested. 
I refer to the successful attack t»n that age-old 
l)r()blem of the transmutation of matter which in 
recent years lias attracted so mm-h aitention from 
phy.sieisl.s throughout the worl<l. 

I hope it may prove of interest to give a brief 
account of the successive stages of the growth of 
our knowledge of this subjeet, for it illustrates 
in a striking manner tlie power of the .scientific 
method of attack on what at first ai)]>eared to be 
an insoluble problem. Incidentally these re- 
searches have yielded us iireeioiis information on 
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the structure ot* nll.Jitoiiis and indeed it seems 
likely to have provided us \»'ith a key, s«i to speak, 
to unlock the secrets of the eonstitution of our 
material world. 

Towards the close (U* the nineteenth century, 
when it seemed certain that the atoms of tin* ele- 
ments were nnehaimcahle hy tin* forces then at 
our command, a discoveiy was made which has 
revolulioni/<'d onr omceplinn of tin* nature and 
relations of the eli*nients. I refer to the discovery 
in lS9ti of the radioa<*tivily of the two ln‘aviest 
(‘ieiin‘tils uranium and thi'oium. It was soon made 
el(*ar that this i*adioaetivity is a sijin that tin* 
atoms of thes(* el(*nn‘nts are under^oinu' sp<intane- 
ous transmutation. At any moment, a small 
fi’aclion of the at<»ms coin'crned heeome unstahle 
and hi'cak up with (*\plosivc violence, hurliiiir 4»ut 
either a charj^eil atom 4»f helium, known as an 
fY liartich*, or a swift ele<*tron of li^ht mass ealle*! a 
/?-parli(‘le. As a n‘snlt of these explosions, a new 
radio-active element is formed and the jiroeess »)f 
transmutation once started eontinues throu«:h a 
nnmlj(*r of stages. Kaeh of tin* ra^li^)a(*tive ele- 
ments, formed in this way, breaks up a<*eordin^^ to 
a sini])l(* uiiiv(*rsal law but at very dilT4*rent rat(*s. 
In a surprisingly short time, these sue<*essive 
transformations were <lis<*ntan<»:b*d and more than 
.10 m*w types of elements brought to li»ht while 
the simple chemical relations between them were 
soon imnl(* clear. 

We had thus be<*n f.'iv<*n a vision of a new and 
start line sub-atomi<* worbi where atoms break up 
s])ontaneously with an enormous releas<* (d‘ eiierjry 
(|uit(* unintluenee^l by tin* most powerful a^(*ncies 
at our disposal. Apart from uranium ami thorium 
and the elements deriveil from them, only a few 
other elements sliow(*d (*V4*n a feeble trace <0* 
radioactivity. The ‘•n*at majority of mir onli- 
mny elements appeared t(» bt* p«*rmanently stabb* 
under onlinary eomlitions on 4)ur earth. Science 
was faced with the problem whether artificial 
methods could be found to transmute the atoms of 
the ordinary elements. Before this problem 
<*4Uibl be attacked with any hope of success, it was 
necessary to know more of the actual constitu- 
tion of atoms. This information was provide<l 
by the ri.se of the nuclear theory of atomic .struc- 


ture which 1 first suggested in 1911. The essen- 
tial coutrolling feature of all atoms was found to 
reside in a very minute central nucleus which 
<*aiTio<l a positive charge and contained most of 
the mass of the atom. A relation of unexpected 
simi)licity was found to connect the atoms of all 
the elements. The ordinary ])roperties of an atimi 
are defined liy a whole number whieh represents 
the number of units of resultant positive eliargi* 
earried by the nueleus. This varies from 1 for 
hyilrogen to 92 for the lieaviest element uranium 
and with few exceptions all the intervening 
nninhers eorrespond to known elements. 

On this view of atomic structure, it wa.s evi 
dent Unit, to hriug about the transmutation of an 
atom, it was necessary in .some way to alter tin* 
charge or mass of the nueleus or both together. 
SiiKM* the nucleus of an atom must he held to- 
gether ])y v(“ry powerful forces of .some kiinl, this 
could only he (*lfc(*tc<l hy hringiiig a concentrated 
source of energy of .some kiml to hear on the in 
dividual nucleus. The most energetic projc<*tilr 
available* at that time was the swift «-parli(*b* 
sponlancously eje*ct(*d from radioactive* sulistance's. 
If a large number of YY-l>ar1 ie*le*s w(*re fir(*d ;il 
ramle*m at a sheet of matter, it was tei be* expechMi 
that e»ne ed' them must eiccasionally approach very 
chisely to the* nucleus eif any light atom in its 
path. In such a cleise* cn<*ounte‘r. tin* nucleus must 
be variously disturbe‘d and possibly under fa von i- 
able coinlitiems tin* fr-particU* might actually (‘iitn- 
the* ]!in*le\*ir strin*! lire*. 

This nuMlc of ati 'ck upon Ihe* nucleus at om-c 
preive-d su(*ce*.ssfu]. I founel in 1919 tliat nitrogm 
emuld lie trnnslorme*<l hy bombardment with last 
re-part icle*s. The ])reu*e*ss of transuuUatieeii is iu>u 
ele*ar. Occasionally an rr-partie-lc aedually enh rs 
the nitrogen nucleus and forms with it a ne*w un 
.stable* nucleus wliicli instantly bre'aks up with tin* 
e*mis.siou eif a fast proton (hydrogen nucleus) and 
the* feu'inatioii eef a stable iseitope* eif oxygem nf mass 
17. About a elozen eif the light elements wen* 
feuinei lei he transformeel in a similar way. The* 
protons lil)e‘ra1ed in the nuele*ar explosions w<*n‘ 
at first ee>unt(*d by observing the flashes e»f 
light (scintillations) produeeel in pIuYsphore.scenl 
zinc sulphide. This inethml was .slow and ver; 
trying to the eyes of the observers. Progress how 
ever became more* rai)id aiiel elefinitc whe*n 
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electrical luethorls of count iiulividual fast 
particles were developed. These eUfctrieal counters, 
mainly dependinsr on the use of <*lceti*on -tubes for 
nia??nifyins’ small currents, have now reached 
such a staf^e of perfection that we are able to eouiil 
automatically individual fast particles like n 
particles and protons even though they enter the 
detecting chamber at a rate as fast as ten thousand 
per minute. Ity other special devices, wc are in 
like manner able to count indivi<lual particb‘s. 
ill this connection. I must not omit to menti(»n 
that wonderful instrument the Wilson Kxpansion 
(diamber which mak(‘s visibb* to ns llie aetnal 
li-acks of llyitm’ fragments (d‘ atoms resulting 
from an atomic ex])losi<ni. These remarkable 
d(‘viees liave iilayed an indis])ensable part in tlie 
rapid growth of knowledge during the last few 
j^ears. It is l«) be em])hasi.s('d that pi'ogre.ss in 
scientific <liscovery is greatly iiiHueneed by the 
devi‘b»pment of new technii'al methmls ami <d‘ new 
devices for measurement. With the gi’i»wing com 
|>le\ity of scieiUM*. the development of special 
teclnii(|iies is of ever ijicri'asing importance for 
the advance of kmiwle<lge. 

rp to the, year Idd2, experiments on Iransmnla- 
tion were <*onfine<l to tin* use of a parti<*les for 
bombarding purposes. It became clear that tin* 
process (d' transformation was in most cases com- 
plex since groups of jiridons with different but 
characteristic energii'S were observed when a 
single element was bambanled. ddiis led to the 
•■onception that disci'cte energy levels existed 
within a nucleus and that umler some conditions 
part of the excess energy was sometimes releasetl 
ill the form of a (piantum <»f high frequency 
radiation. 

The stage was now' set for a great a<lvanee, and 
four new discoveries of outstanding importance 
were made in rat>itl succession in the t^nnod 
I refer to the discovery of the positive 
electron by Atiderson iti l!)dl, of the neutron liy 
(diadwick in UKJ2, of artificial radioactivity by M. 
and Mine. (hiric-Joliot in Itldd and of the trans- 
mutation of the elements by purely artificial 
methods first .shown by (‘ockcroft and Walton in 
I9;i2. 

:}71 


The discovery of the neutron— that uncharged 
particle of muss nearly 1 — w'as the result of a 
elose study of the ellVets produced in the light 
element beryllium when bomharded by rt-jiarticles. 

It is noteworthy that the proton and neutron, 
whieh are now’ believed to be tlic cs.scnlial units 
with w'liicli all atomic nuclei arc built up. nwi* 
their recognition to a study of the Iransmutatinn 
of matter by a-])artieles. 

Ilefore the diseov(‘ry of the neutron, it luul 
been perforee a.ssnmed that nnelei must in some 
way be imilt ii)) of ma.ssive protons and light 
negative eleelrons. Tlusirles id' nnelear st met lire 
beeomc much more amciuible to (*alculation when 
the nnclciis is considered to be an aggregate of 
parlieles like lh(‘ proton and neutron whieli liave 
nearly the same mass. 'Phere W'as no longer any 
need to a.ssmiie that either the positive or the 
negative electron has an independent existence in 
the nnelear strneinre. \\v ai'e still iiiieertain 
of the exact i*elaiion. if any, between tile neutron 
and the proton. Tlu‘ neutron appears to be 
slightly more massive than the pi'oton but it is 
generally bi^lieved, alllmugh no definite proof is 
available, that the proton and neutron within a 
nneleus ar(‘ mutually convert ihlc under eertain 
conditions, f'or exaiiipb*. the change of a proton 
into a neutron within the nneleiis should lead to 
the appearance of a free posit ivi* elect ron. while 
conversely the change of a neutron into a proton 
gives ri.se to a free negative I'leetroii. In this 
way it appisirs possible to account for the observ- 
ed fact tlial either positive or negative eb‘etrons 
are emitted hy a large groiiji id' radioactive ele- 
ments to which I will iiow' refer. 

Ill the early experiments on transmutation by 
n particles, it was siipposi'd that a stable iiueleiis 
was always formed after the emission of a fast 
proton. The investigations of M. and .Mine, (hirie- 
floliol showed that in .some eases eleiiieiits w’ere 
formed whieh. while momentarily .stable, ultimate- 
ly broke up slnwly. exactly like the natural radio- 
active bodies. Most of tlu'se radioaelive liodies 
formed by artificial methods br(‘ak ii]» with the 
expulsion of fast negative electrons but in a few' 
eases jiositivi* (‘leelrons are emitted. Siiiei* the 
presence of these ra<lioaetive bodies can be easily 
detected, and thi‘ir ehemieal properties readily 
determined, this new method of attack on the. 
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problem of transmutation has proved of j?reat 
value. Nearly a hundred of tliese radioactive 
bodies are now known, prodiieed in a ‘•reat variety 
of ways. Some arise from the bombardment by 
fast «-partieles, others ]>y bombardment with 
protons or deuterons. As Fermi and his 
eolleaj»ues have shown, neutrons and particularly 
slow neutrons are extraordinarily effective in the 
formation of such radioactive bodies. On account 
of its ahsence of charj^e, the neutron enters freely 
into the neuclear structure of even the licaviest 
element and in many cases causes its transmuta- 
tion. For exam])le, a number of these radioactive 
])odies are produced Avhen the two licaviest ele- 
ments uranium and thorium arc ])om])ard<‘d by 
slow neutrons. In the case of uranium, as Hahn 
and .Meitner have sliown, the radioactive Imdies 
so fiirmed break up in a succession of stages like 
the natural radioactive bo<lies, and jrive rise to 
a Jiiniiber of traiis uranic dements of higher 
atomic number than uranium (92). Th(‘se radio- 
active elements have the chemical properties to 
be expected from the hij»her ]iomoloj»:ues of rheni- 
um, osmium and iridium of atomic numbers 93, 
94 aiid 95. 

These artificial radioactive bodies in j*eneral 
represent unstable varieti<‘s of Hie isotopes of 
known elements wliich have a limitcul life. No 
doubt such transient radioactive elements are still 
producetl by transmulalion in the fuiaiacc of our 
sun where the thermal Jiiotitms of the atoms must 
be very j^reat. These radioactive elements would 
rapiflly di.sappcar as soon as the earth cooled down 
after separation from the sun. On this view, 
uranium and thorium are to lie regarded as prac- 
tically tlic sole survivors iii our earth of a Jar”'<* 
f?roup of radioactive ebmients ovvin»’ to the fact 
that their time of transformation is lony: com- 
pared with the a^c of our planet. 

It is of interest to note what an important 
part the o'-particle, which is itself a product of 
transformation of the natural radioactive bodies, 
lias played in the f»Towth of our knowledj^e of 
artificial transmutation. It is to be remembered 
too that our main source of neutrons for experi- 
mental pur])oses is lU'ovided liy the bombardment 
of beryllium with a-particles. The amount of 


radium available in our laboratories is, however, 
limited and it was early recognised that if our 
knowledge of transmutation was to be extended, 
it wms necessary to have a copious supply of fast 
particles of all kinds for bombarding purposes. 
Tt is well known that enormous numbers of pro- 
ttms and deuterons, for example, can lie easily 
produecMl by the passage of the electric discharge 
through hydrogen and deuterium (heavy hydro- 
gen). To be effective for transmutation purposes, 
bowHwer, these eliarged particles must be given 
a. high s])ee(l liy accelerating them in a strong 
electric field. This has involved the use of 
apparatus on an engineering scale to provide volt- 
ages as high as one million volts or more ami the 
use of fast pumps to maintain a good vacuum. 

A large amount of difficult technical work has 
been necessary to produce such high D.F. voltages 
and to find the best met bods of apiilying them to 
the accelerating system. In Famliridgc these liigli 
voltages are produced hy miilliplyiiig the voltage 
of a transformer hy a system of comlensers and 
rectifiers; in the by the use of a nov(‘l type 

of electrostatic generator, first developed liy van 
dcr Hraaf. Prof. Lawi'cncc of the Fniversity of 
California has devised an ingenious instruimuit 
called a ‘ cyclotron ^ in wliich the charged ])arti- 
cles arc automatically accelerated in multijilc 
stages. This involves the us(‘ of huge electro 
magnets and very powerful electric oscillators. 
By this method, he has snccccdcd in jirodiicing 
streams of fast particles which have energies as 
high as the a-parliele ejected from radioactive 
substances. Undonbi-dly this type of apparatus 
will prove of great importance in giving us a 
supply of mueli faster particles than we ean hojie 
to produce by the more direct methods. 

It was at tirst thought that very high potentials 
of the order of several million volts wonhl lx? in- 
quired to obtain particles to study the trausiiui- 
tation of elements. Here, however, the develop- 
ment of the theory of wave-mecluuiies came to 
the aid of tlie experimenter, for (lamow showed 
that there was a small chance that comparatively 
slow' bombarding i)arfieles might enter a mieleiis. 
This theoretical conclusion has been completely 
verifie<l by experiment. In the ease of a light 
element like lithium, transformation effects ean 
be readily observed with protons of energy as low 
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as 20,000 volts. Of course, the amount of Irans- 
formation increases rapidly with rise of voltaf^c. 

The stiuly of the transmutation of elements ]>y 
using accelerated protons and deuterons as hom- 
barding particles, lias given ns a wealth of new 
information. The capture of the proton or deuter- 
on by a nucleus lends in many eases to types of 
transmutalion i»f unusual interest. For example, 
the boml)ardmenl of tlie isotope of lilliinm of 
mass 7 by jirotons leads to the formation of a 
lieryllium nucleus of mass 8 with a great excess 
of energy. This immediately breaks up with two 
rt-partieles shot out in nearly opposite direel inns. 
When boron 11 is b^mdiardeii by protons, a eai'bon 
nucleus of mass 12 is formed wliieh breaks u]> in 
most cases into tlu*c(; «-partieles. Th(‘ deiitmam is 
in some respects even iuore effective than tbe 
])roton as a ti*an.smuting agent. AVln-n dcMitemns 
arc used to bombard a compound of fleu1<‘rini»i. 
])rcvionsly unknown isotopes of liy<lr()gen and of 
helium of mass are fornuMl, while fast protons 
and neutrons are liberated. The honibardment (»f 
heryllium by very fast deut(‘rons gives rise to a 
phuitiful sujiply of neutrons, liawrenee has 
shown that the bombaialment of bisiiiutli liy very 
fast deuterons leads to the prodiK'tioii of a radi<»* 
active bismuth isotope which is identical with the 
well known natural lanlioactive jiroduct. railinm 
K. ^Many artifieial radioactive elements <'ai* lie 
produced often in great intensity. For example, 
the hombardment of common salt by fast deuterons 
gives rise to a ra<lioactivc isotope, of sodium. 
This br(*aks uj) with a half period of lo hours, 
emitting not only fast /?- part ides by y-rays at 
least as jienet rating as thosi* froni radium. 

It may well be that in course of time such 
artificial radioactive elements may prove a useful 
siibstitiilc for radium in tberapeulie work. l>y 
1h(‘se methods al.so, such intense sources of 
neutrons can bo pnxiueed that special precautions 
have to be taken for the safety of the o]ierators 
of the apparatus. 

Sufficient I think has l)een said to illn.strate 
the variety and interest of the transmutations 
produced by these bondiardmeiit methods. It 
should, how’cver, be pointed out that transmuta- 
tion in some cases can be effected by transferring 
energy to a nucleus by means of gamma rays of , 


high qiiautuni energy instead v»f by a material 
particle. For example, tbe deuteron can lie 
liroken up into its components, the ]>rolon and 
neutron, by the action of the gamma rays from 
radium or thorium. As a result of tbe boinbarib 
ment of lithium by protons, gamma rays «)r (‘xtra- 
ordinarily great qiianlum (UUMgy as high as IT 
million volts an* strongly emitted, llothe has re- 
cently show'll that these high energy rays are 
able to transmute a mimher of atoms, neutrons 
usually lieing <‘mi1t(‘d in the ])i’oce.ss. 

Some simple laws appear to Imid in all iiuiivi 
<liial trausfoi'mations s(» far examined. Nuclear 
charge is always conserved, and when* heavy 
particles are emil1c«l, so also is energy when 
account is taken j>f the ecpiivalence of mass ami 
energy. Fertain dlftieultics arise with regard to 
the eonservatimi of eiu'rgy in cas(*s when* light 
positive* and negative e*lcetrons are emitted during 
Iransmulalion, ami tin-n* is still iriiich dise'ussiewi 
on this importaiil (jucstion. 

The study (►f tin* transmutalion i>f matte'i* has 
been extraordinarily fruitful in results of fumla- 
menlal importaiu'e*. In a«lditioii to the a- particle*, 
it has e|isch)sc<l to us the* e*\iste'nce* of those two 
luiilelitig units of iiue'le*!, the* proton and n(*ulre)n. 
It has greatly \vi(le*ne*»l onr eonce*plie)n of the 
varie*1ies <»f atomic uucle*i which emu i‘xist in 
nature*. Not only has it led to the (lis(*ove'ry of 
about e)iie' hundred new radioactive* cle*iin*uts, but 
also e)f several stable* isotope's of known ele'iiicnts 
like* 'll, 'He, which had pre‘viously l)e‘e*n un- 
suspe*cte*t|. It has gi*catly extemde'd our kiiowle'di^e* 
e»f the* ways in which nm-le-i can be built up ami 
broke'ii elown, ami has brought t«> our alle-ntiou 
the* cxlraoi’«linary viole*m*e* of some* of the nucle'ar 
e*xplosi«)ns which e)ccur. The* gre'at majority ed* 
our (*le*me*iils have been transmutcel liy the* bom- 
banlme'iit me*tboel ami in the case* of the* light, 
elements which have* be'e'ii nn»st care*fully stmrn*<l 
a gn'ut variety of monies of transmutation have 
be‘eJi e'stablisheel. 

liaiiiel progn*ss lias be*e*n nunle but much still 
n*mains te) be* eleun* be-fena* w'e* can hope* to umle*i'- 
slaml the ele‘1aile*(l structure and slal)ility of 
eliffereiil forms of atomic nm-lei ami the origin of 
the elenu'nls. I e*anm)l l)nt re‘fle*el e)U the amaz/mg 
contrast between my first e*xpe‘nnK*nt on tbe trans- 
mutation elf nitrogen in the* ruive*rsi1y of Man- 
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c.hostoi* ill 1919 iiml tiu* Ijir^e-scnlt* experiments 
on transmutation which are now in progress in 
many ])arls of the worhl. In the one ease, imafrine 
an observe 1 * in a dai’k room with very simple 
apparatus painfully eountini* with a mieroseope a 
few faint seini illations oi’i«inatin}> from the hom- 
hardmeiit of iiitronen by a source of «-i)artieles. 
(\)iilarst this with the lar;»-e scale apparatus now 
in use for experiments (»n transmutation in (‘am- 
bridye. A »reat hall contains massive and 
elaborate machinery, risiim tier on tier, to ^ive 
a steady potential of about two milli<»n volts. 
Nearby is the tali a<*eeleralin‘i column with a 
power station on top, protected by jircnit corona 
shields- reminding' one of a photo<>‘ra])h in the 
film (d* Wells* The Shape of Things io Come. 
Th(‘ i?d<‘nsc stream «d' accelerated particles falls 
on the tar«'et in the room bel<»w with thick walls 
to protect the \vork(‘rs from stray radiation. Here 
is a band of invest i^atoi’s usinji' complicat(‘d elec 
trieal dc‘vices for count in»» automatically the 
multitmle of fast particles arising from the trans- 
formation of the taryt't eleiiumt or photonraphiim 
with an expansion <diand)er. automatically control- 
led, the a<‘lual tracks of particles from exphaliii}*’ 
atoms. 

To e\;imiiie the effi'ct of still faster pai'tieles, 
a (‘vclofron is inslalle<l in afiother lar^»'e room. 
The lar^K* elect nmiayiiet and access(*ries are sur- 
roundecl with ^reat water tanks (‘ontaininj^ boron 
in solution to protect tlie workers from the effeet 
(d' neutv<»ns released in the apparatus. A power 
stati<ui nearby is needed to ])rovide current to 
excite* the eb'ed r<»may net ami the powerful eleetric 
eLScillalois. 

Such a comjiari.son illustrates the r(‘markable 
chanye*s in the senate of research that have taken 
])bu*e in certain branches of pure scicne'c within 
the last twenty years. Such a development is 
iiu‘vitabl(‘, for, as science pro^-resses, ijn])ortanl 
problems arise w’hich can only be solve<1 by the 
u.s<‘ of Jarj»a‘ powers and <‘omplicat<'d apparatus, 
re(|uinnj[f the attention of a team <d’ research 
workers. If rapid profiress is to lie made, such 
team work is likely to be a feature of the more 
elaborate researches in the future. Fort uf lately 
there is still plenty of scope for the individual 


research worker in many experiments of a simpler 
kind. 

The science of Physics now covers such a vast 
licid that it is impossible for any laboratory to 
provide n])-to-datc facilities for research in more 
than a few' of its branches. There is a ;irow'in«’ 
tendency in oiir research laboratories to-day to 
siiecialise in those particular branches of Physics 
in w'hich they are most interested or specially 
e(piipt)ed. Such a division <d' the field id* research 
anionirst a nnmher of universiti(*s has certain ad- 
vantai*‘cs, ]M‘ovided that this subdivision is nid 
carried too far. In general, the universities 
should he left free as far as |)o.ssihle to develop 
their own lines of research ami cncouraf*:cd to 
train youn^- invest ijiators, for it cannot he doubted 
that vi} 4 ;oroiis schools of I'cscarch in jiurc science 
are vital to any nation if it wishes to develop 
elVectively the application of science, whether to 
airricnltni'c, industry or medicine. Since invest i- 
‘ialions in modern science are sometimes costly, 
and often reipiire the use of expensive appai*alns 
and lan^c-.scalc collaheralion, it is idivioiisly cs.scn- 
tial that adeipiate funds sliould be availalile to the 
universities to ('over the cost of such rcsca relics. 

Conclusion 

In this brief survey I have tried t») outline tin* 
contributions to scientific knowlcd^ic made in 
India, and tin* needs nf the immediate future if 
seienee is to jilay its part iu the national W'elfare. 
While tile study id’ modern science in India is 
eom])aratively reeent and naturally much intlncnc 
ed by Western ideas, it is well to recall that India 
in ancient days was the home of a tlourishiim 
indi^enous seienei*, which in some respects was 
in advance of the rest of the w'orld at that time. 
The study of ancient w’ritinj;s has discovereil in 
recent years tlie extent and variety of Ihesr* 
scieiilifie eoiilrilmtions, which notably advanced 
the study of aritlimetie ami ji:eometry. The re- 
searches of Sir I’rafulla Kay have also l)rouf*hl to 
liji:ht the imjiortant advances made in metallurjiv 
and chemistry. Alay we not hojie that this natural 
aptitude for experimental and abstract seienee, 
shown so loiijif a| 40 , is still eharaeteristic of the 
Indian peoples, and that in the days to come India 
will a};aiii become the home of science, not only 
as a form of intellectual activity hut also as a 
means of furlheriiiji; tin; progress of her peoiiles. 
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Are the Himalayas Compensated? 

D. N. Wadia 

Ceoloff'lcal Survi*y oT India. 


I. The Rise of the Himalayas 

At i\ period in the }ieolo»i(*iil liislory of oiir 
earth, whieli to compare earth-history with the 
known lunnan history since its earliest dawn, 
would he as recent as the closiiii* years of the 
Mo<»huI dynasty, the ueoyraphical outlin<‘s ol* 
Inilia were of the haziest description and it was 
not separated from Kurasia hy the present for 
iiilda])le mountain ranjics which so ettVelively 
barricade it 1‘rom tlie west, north and east. 
One of the most closely esfahlished facts of 
ueolof^ical scieni'e tells ns of a .sea, which 
jiirdled India alone its north face thronjih 
vast aeons of lime--a ti*ue mediterranean 
sea which diYi<le<l tln‘ northern continent of 
Knrasia (known as An^aralaml) from a smithern 
continent of more or less uncertain borders, bid 
which united witliin its compass the pres<‘nt dis- 
jiunteil peninsulas of Africa, Arabia, Imlia and 
Australia (known to et‘uloeisls as (Jondwanaland ). 
r»elwe<'n the Deccan and tlie Silierian lowlands as 
far as the Arctic (tcean, tin're was tlum n<» monn- 
lain barrier of any ini]>ortance, .save tin* stunted 
and broken (diain of tln^ .\ltaids of Kastern 
'rnrkestan; and there then prevailed an oeeauway 
which provided in the beautiful words of the 
liynin “ from ( Ji*e<'nland ’s icy mountains to India’s 
coral strand ” an uninterrnpte<l intercourse ami 
mijiration of ni;irine animals unknown in the world 
of to-day. 

Tln‘ rise of the ilimalayas from the llotu* of 
this nnsliterranean sea is an epic of the j>eolo^ical 
history of Asia. All the relevant facts of this 
event are well dated and (bummenled in the rock 
records of thes(* mountains. Hut before we refer 
to this, let us briefly discuss the mechaiiies of 
laountain uplift in the dynamics of the earth’s 
<'riist. it should be realized at the outset that, 
‘•ontrary to our roote<l ideas of the strent>th ami 
rigidity of our terra firmOf the earth has a mobile 


crust, sensitive to loads and underloads, to 
pressures actinj^: from the sides, from the interior 
of the earth and even from above, c.if., j^ireat and 
abrupt chanjjes of atmosphei’ic pri'.ssures. It re.s- 
poiids the.s<* fori'cs in a manner which led many 
(arly jicoloj^ists lo postulate a hot rnpiid interior 
of the earth, fluid throuiuh the entire 4000 miles 
ratlins and only supporting a cold solid crust of 
oO to HH) mil(‘s thickness. Tlnu’c are many kinds 
of earth movements ri*corded in every part of 
the jilobe and definitely r<‘»istere<l at the surface- - 
small and lar^e, rr.pid and slow, local and widi*- 
spread, .secular ami pei'iodic. Of these various 
kinds (d’ earth pul.satioiis, tin* most sijiuificant are 
the •^reat pei'iodic ileformal ions of lh(‘ crust which 
affect loiij»‘ linear belts of the circumferemn* - the 
mountain buihlin*' or ort)^enic movements. These 
mountain-buildiu'’’ disturbances succeed each other 
at vast time intervals and ai'c to some extent 
cyclii'a! in their r(‘ciirrence. Tlu'y are the ‘irisat 
ep(.ch-markin^’ events of cart li history ami brinj*- 
abf>ut ])rofound r(‘-adjus1 nienis of lands and seas 
and their relative distribution. The most «»ein‘ral- 
1\ accepted view of the origin of mountain-chains 
is what is known as the ^eosyncrmal theory (d‘ 
mountain-formation. Ibu’e I shall (|Uo1e from a 
former pa|)er of mine. 

”l'.'H‘.nhi\ic:il it nt.TV --ctMn, timuiil.iins ilic 

uc.tkci Ix'lts of tlic (NO til’s cru‘^1, lu-lls th;it Iinvc licen <le- 
]ircssi*«l lu'low the sea lor lonj» a«ics havi' received 

eiioniiou.s deptisils of in.'o ine si*diinent.s heloii^^iim U’ tonj; 
eveles of j.»eolf)|'ic:il It is tlie.se «»vri loaili’d, .'onl coll- 

secpieiitU weakeneil, /ones \>liieli respond most lo the 
lateral and lanucntial earth-]iressnr<*s which follow the 
ecssation of the sink ill;.; jirocess and become foMed ami 
elev.’itcd into nionnlion elndns. lltmce ha^ arisen the well- 
known piinciple of .i»i olo|;\ that w here areas of the earth 
have Slink the deepest, they also rise hii;he.‘»t. The.se sunk- 
en and loaded belts are callcfl gensifrivliuea in i;eoloKy, 
and jreosvnclines lia\c played a large part in the revoUi- 
lions of the earth’s past geography, stamping upon it the 
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broader features of the continents, moiintaiiis and the ocean- 
b mills. Tlie refolds ])reserved in its sedinienlary piles 
reveal the history of the life, deposits, an<l earth-niovements 
of the various periods in (lilferent rej'ions of the earth. 
Dnriiu^ the tnoeess of compression of these sunken load- 
ed /ones Into nnnintains. the j/eos\ nelines are narroweil 
to from a half to ;i (|iMrt<*r of tin'ir orii'inal width ; the 
formation ol the Ifimalava Ims, for instanci*, bron_i>[ht a 
point in Tibet nearer to a point in Hihar by seventy to 
iMohty miles at least. 

IVrhaps the l.irj^est individual j«c(»synclinc on the face 
of tile earth is the om* ivprt'smitfd by the Ilimalavan sy.steiii 
of mountains — ;i serie*^ of ranjres l,.Siin miles lonj; and from 
LSO t<» .35(1 miles broad. Geolouieal work of the last few* 
dee.ides in th 'se nionntain.s has jiro' ed that, in ^pitc of 
some local dilfereiiees, then* is an essential unity of struc- 
ture, composition, and stratiirraphy front Kashmir to Assam, 
which pro'-es clearly that this vast tract of northern India 
was under the waters of a mediterranean sea- known to 
i»enlo^ists as the Tethvs~e nitiiiiiously from the end of the 
Carlionlferons peiiodof <'artli-lilsl<«iy to the einl of the 
b^oeene. 

The thousands of feet of tnarine seilimenls laiil d«»wn 
(Ml the bed of this se.a, from the Tpper t'arboniferons to the 
Ivocine, w*ith their eharacteristic entombed fossils indieative 
of the siK'eessive aj^es of dcposit.s, were stibjeeted to pro- 
traeted eonipressi(Mi dnrint; later Tertiary ai*es, as in a 
viee, betwi'eii tin* tw’() stabh* coiidnental bloeks of ])eniii- 
snl;ir In ia to the .south and the tableland of Tibet to the 
north. The nplifliii)^ of the Tetliys floor lesnltini* fiom 
tliis e<Mnpre.ssion, its exfiosnre to atmosjiheric ajre.it.s, and 
lliesculptnrinj^ of time, have firodiiced the yonnj'est, larjicst, 
and hij^hest ehaiii of inonntains in the world, a chain that 
i.s j)robabl\ still j^rowitij^ in altitude.”* 

Tilt* ;il)()V(* (It*s(*ril)(*<l [irobpss of mountain Tor 
iiifiliDii is piveeded and ae(*()iii})anicd hy a thieken- 
inji’ of till* oarth’s eriisl alori”' tlit* hells wiiiidi an* 
In <iivo rise In tin* fill tin* ninimtaiii-chain. Also 
slie(‘s a IK I sheets nf strata are thrust forward 
durinu the prneess nf uplift from the. direetinii 
nf iiiaxiiiiuni pressure, and pulled down to lower 
levels. These I’oeks aetpiire f»:i'eat heat hy enn- 
duetinu of the heat nf the earth’s interior as well 
as from the radio-aetivity of the erustal and suh- 
erustal rt)eks themselves. The roots of the 
mountains thus must expand considerably, liolh 
in a verlieal direetion and to a smaller extent 

^ The Trend-line of the Himalaya— */our- 
>ia/, Vnl, VI I r, p. ti5, Oxford, Vm, 


laterally and thus help in the elevatory effect of 
lateral conipression from the sides. 

Kach typical mountain-chain, c.g.. the Hima- 
layas, the Alps, Andos, the Caucasus, etc., 
represents, aeeordin**’ to present day coneeptions, 
a squeezed lielt of deci) oeeanie deposits lyinji: 
between two inflexible rif»id Idocks of the earth, 
of the nature distinjriiished in j'eolo^y as Iwrsts. 
The primary motive force in this ^rcal lan«>:ential 
compression must be gravity, tin* enerj^y of fallin^^ 
crust-sej^ments in a coolinj^ and contractinj*' planet. 

The weakeniiifif of the sunken belt of seilinienis 
referred to above arises Ihroujrli various under- 
standable eauses. The most si^nifieant is the in- 
crea.se of earth-temperature with depression. 
The strata depressed 20, ()()() feet below the surface 
in a sinkinj^ lloor of the sea, as in the roots of a 
o-eosyneline woubl experience a rise of over 
d00^(\ Temperature eondiined with hi^jh pressuri* 
weakens rif»:idity. The ceaseless evolution of 
thermal energy by the radioactive sediments in 
a f»eosynelinal b(‘lt is a contribiitinin’ cause to the 
rise of the isoj^eotherms. 

U is still a (|ue.stion how far lateral pressures 
are elTeetive in elevatin»* a mountain chain. 
According' to some ‘icophysieists, the major shaie 
in the uplift belongs to din‘et verlieal movement 
eauseil by transfer of bodies of the licpiid interior, 
or by changes in the density of the snb-eruslal 
ma^nia. 

The rise of the Himalayas from the medilcr 
ranean sea-bed was not a single act, but there 
were o distinct and widely separated phas(‘s of 
uplift. The earliest phase was post-Hoeene. A 
few patches of the Kocenc xNummulilic limeslonc, 
a hij^hly certain laud-mark in f^eolofrieal history, 
are found at Kaslimir, Hundes, and sevei’al parts 
of Eastern Tibet, eappinj** the pile of marine sedi 
ments that had been j»rowinj>: on the ocean-lloor 
since the Upper Carboniferous. This is the last 
record left by the Himalayan sea before it vanish- 
ed. These Eocene rocks now occur at elevations 
from ir),0()() to 20,000 ft. The next upheavals 
took place at the end of the Miocene epoeli, which 
involved and lifted the sediments laid down hy 
rivers along the flanks of the embryonie luountain- 
cbaiii into the Middle or Lower Himalaya ranges. 
The last movement did not commence till after the 
very end of the Tertiary ami involved the foot 
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hiliK zoru* Siwalik (ieposita, a system of strata 
as new as the Middle Pleistocene, and containinj; 
within its tilted beds some relics of early Man 
in India. There is a body of competent evidence, 
both physical and bioloj^ical. to indicate that parts 
of the Himalayas have risen at least .KKM) ft. 
since the Middle Pleistocene. Karly man thus 
witnessed the j^rowth of this northern barrier in- 
terferin}^- imire and more with his migrations and 
intercourse across the Stejipes of Asia. A ‘fieat 
ethnic watershed thus came into beinj* early in 
liiimaii history. 

iJefore we pass on to the subject of the .static 
relatimis of the Himalayas and their iihysieal ad 
Justment with the interior of the earth, let us try to 
realise the magnitude of this earth-feature that 
for 2I> dcffrees of meridian presents a wall of 
20,1)00 ft. mean elevation. Standing: in tin* path 
of the prevalent e<|uat<»rial wimi currents one can 
easily imeiLiine what dominatiim intinenee this 
chain must have on the watm* and air circulation 
of Asia, on its meteorohmy and physio(»raphy, and 
Ihrou^di these on the distril)u1i(ni of life on the 
(•(mtineiit. We may mention the most sij»'nifieant 
instance of this effect. The vast desert tract of 
Tihel and of the Tarim basin to its north, the latter 
oc'cnpyiim- an area three-fourth the size of the 
Iteeean peninsula a.iid in its ‘ieomort>lHdo)iy 
eonipar:ibl(> to our (iaimeti(' basin are .soim* (d* the 
most desolate rey:ions of the world. It is a well 
known fact that the.se desei’ts jjre of recent, in the 
ease of thi* Tarim depressimi, of late historic, 
niowtli. These once fertile and well-forested re- 
gions hav(‘ been riy:htin;' against a<lver.se elimatie 
conditions since the end of the (llaeial period; 
they sueeecfJed in preservinj* the r<'ninants of 
their forests and cultivation <‘vei» to such late 
aye as the early centuries of the Christian era, 
i>ut have since then stea<lily sueeimibeil. The 
inercasiny: desiccation of this area, f'cnerally 
admitted to be in a material way connected with 
the interposition of the lofty mountain on the 
south, has had its full toll on the river-system, 
which, once extensive and well'<levelopcd, has 
‘Iceayed and withered to such an extent that the 
few existiiijf rivers lose themselves entirely in 
y"r()winia: sands and surface dehris w^hich they are 
wholly powerless to sweep away. The Kuen Lun 


j(laeiei*s, the survivers of these of the lee A>?e, 
are wasting: away their vast reservoirs of ice ami 
are retreating. The i»erennial north-tlowiny 
rivers whieh they onee sup])orted now di.sappear 
near the foot of the mountains either in tiu* t)ie<l 
iiient yravels or in the shifting duri(‘s of Takla 
Makan, the immense waterless waste nf .sand that 
has replaeeil the onee fertile h)wlands of Khotan. 
But the tale is not eom]ilete. The small amount of 
water that dues pemdi'ate t)n‘ Himalayas throua:h 
its yoj*«es and defiles and rea<‘h snot hern Tibet is 
turned hack to India by tii(‘ traiis-Himalayan 
allluents of the Indus, Sutlej, (iany:es and the 
Brahmaputra to swell the Ihnxls peri*nnially tlow- 
irm down thest* nohle .streams thruuyh the plains 
uf northern India. In this manner the Himalayas 
have protected northern India from the yratlual 
desiccation that has overspr<‘ad (Vntral .Vsia from 
Khora.san in Kasterii Persi.i In Munyolia since 
early histt>rie tiuies and the desert e<mditions 
that inevitably follow desi<‘eatioii in the heart of 
a continent. 

11. Geophysical and Geodetic Considerations. 

1.SO.S I A.SY 

.Mountains, partienlarly the of mountains, 
after their diss(‘efion by the ayeiils of almosplun'ie 
denmiation. ?*ain. riven; ami frost, throw lijrht mi 
the ])hysies of the earth’s crust. Their utilift 
hrinsfs to the surface the deeper fumlamental ro<‘k- 
eomplexes and structures, wliieli Would other- 
wi.se he hnried under thousamis of metres of rock. 
Their uprise ayain, heiny an im]M)rtanl event in 
yeodynamies, re*piiriny redistrilnition of density 
and (d’ mass in the interior, i>resent int<‘restiny 
(piestions of yravity and plumb-line delleetion in 
relation to the surface-relief. It should be men 
tioned at the o\itset that yeodesy does not reyard 
mountains as mere nnadjuste<l ex<*reseenees, as so 
much extra matter on the (*arth’s surface. If 
(Viitral Asia, with the hiyh staudiny Tilictaii 
platwiu supportiny the Himalayan elevation were 
extra mas.se.s of rock piled on the eireumfereiicc 
of a homoyeneous earth uniform to the. core, the 
waters of the Indian Ocean would be pulled up a 
emisiderable way towards the foot of the Hima- 
layas, oxtomliny much above the present heads of 
the Bay of Benyal or the Arabian S(*a. The fact 
that the scn-lcvtd is not appreciably ulfectcd, 
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warpi'd or <Iislort«Ml out of l]u‘ s|)}i4*i*oi<l form 
shows that the f*oiitim*fits and inoniitainons por- 
tions of the* rartli’s body, in il lation tn tlu‘ hollows 
of tiu' ^r(‘at orrans, arc in soino sort of adjust im*nt 
with tiu'ir hasrs ainl an* r«»mnioidy hrlic*vi*'l to 
lx* supporlr«l on a dense plastie suhst ratiiiu by a 
process of flotation, somewhat as iee ea|LS are 
su])])orled on the snrfaee of tht‘ polar seas. This 
theory of support of mountains by llotation on a 
<lense mediui\i uives a I'atioiial I'xpbuiation id‘ the 
exist<‘m*e of what is (Mnnmonly term(‘d “ mountain 
eompensat ion. ” and also aeeoiints for the stability 
of s(mn‘ abnormally abrupt features (d* earl h- relief. 
e.ft. the Lireat <*hain of the .\ndes on the west 
eoasl of South Aineriea. rising 20,000 ft. in alti- 
tude, rise in front (»f <ui(* of the profonndest dee]>s 
of the I’aeitie. Ihu'e the .\ndeian liiuldands 
plun<i‘e d<»wu to a depth (d* 2(»,000 ft. below fin* 
oeean level. This s i(‘W attributes mountain- 
chains to a lat(‘ral <*omp?'e.ssion (d‘ the jL»(‘o.synclinal 
troujihs, filletl with comparatively lighter sedi 
ments, eausin;^' a bnlye in the (*rnst, both uiiwards 
ami downwards. Tin* downwai'd protuberaiu'c 
will eaus(* a displa(*ement id' the dens<*r substratum, 
thus i)n>vidin‘’ buoyaiu'y. 

That the (‘arih is md homon(‘neous and' uni 
fo]*mly ri^id to tin* <*ore is borne out by the 
phenomena of earl Inpiakes, vub'anicity, li<les, etc. 
To small periodic for<M*s ap|)lied for short <lura 
tioiis (d’ time, e.g. eartinpiake waves, the averajic 
rieidity (d* luir earth’s crust as a whole is lwi<M* 
that (d‘ steel. Iknvu to a <lepth (d' about dOO miles, 
the a^■era‘^•• r'ii»idity of the crust is considerably 
mor<* than that of steel. Uut to prolon^'ed exten- 
sive pressui'es, such as those exerted at the roots 
of mountains or by (and iiieiital ice-sh(*ets of the 
mayiiitudi* of that <M»v<*]'in;4‘ tlreenlaml (a mass of 
over a million scpiare miles having a thickness »d’ 
dt)()() ft.), tin* earth behavt's as a plastic body and 
the surface* sinks underneath the load by a vis- 
cous How of the se*mi-riuid or plastie* reu'ks umler 
tin* solid crust. The weijiht of the ice-sheets that 
covered Scandinavia in the IMeist(»cene Ice .\jie 
dcpi-esseel that land-area by several meters. This 
sinkin;^- of the (M»ast-line <d* Xorway and Swed(*ti 
umler loael (d* c|;K.i}d ice ami its re enierfrence 
after nn'lliiijn of the ice at the eml of tin* tlJa<*iaI 
ej)och has jn-oduced a nund)er of- well-marked 


slraml-Hnes aloni»: the’Jialtic. These welUmarked 
beirrh-lines or straml-lines were at. first a puz/.le 
but arc now without much <loubt ascribed to the 
oscillations of level due to sinking' or raisiuj*- of 
land under the load of Pleistoeene iee or its 
mellinir. 

lielow' the eoM, rf^iid crust, the earth seems to 
have but little strencih, to jmljre from these 
prmd's of its nmbilily: modem fji'co- physics r(‘^anls 
all crust (Icformitit's, both on a lar^^c scale as 
W4*!I as small s(*ale. as ess(‘idially the result of 
the failui'e cd’ tin* earth’s sub-(*rust under suffi- 
cienlly jxuverfnl sti*esscs. 

India is part i^'ulai'ly fav«mrably 4*ireumstane(‘d 
from tin* slmly (d’ ut'o physics and ^e<nlesy, tin* 
.science id' investiiiat inii' the si/a*, shape and 
sti*uetnre of larjii* areas of the (*artli. Tin* eriist 
movements implied In the formation of the 
Himalayas, the younjii*sl moitidaiiis id' the wol-hl, 
are jnxl'a-posed against the stable land-mass of the 
Deeeaii, one of the most anei(*id blocks of tin- 
ear'Ih’s .shell, which has e\ pei’ieiieed no foldinu of 
tin* mountain-bnihlin'i' type sini'c the dawn of 
earth history. M(*asiii*enn*ids of i^ravity in nlfi 
tion to cart h-fi*atnre have be(*n earri(*d out by the 
Survey of India since ISOO and have jiiiveii some 
most interest inii results. Karly in his work ( |n:!(I' 
Kverest reeoi*’nis(*d that the Himalayas would e\er 
else a disturbing' <‘rreel in tin* triarmtilation mi’ 
India, which neeessilateil the aeenrate measiin-- 
ment of the ar<* of the meridian of TS'" lhroiii;li tli** 
It'iiiith id' India fi*om (’ape (’omoi'in t«» !n:if 
.Mussoori4*. A Iai-i4’ vobnue of accurate data fi'oiii 
these measuremeids has been eolleeled, llimmli 
some of I he results are discrepant and are iml cap 
abb* of explanation on cxisliim' theories. 'Phis i*' 
oatni’al, for .Northern India is a region of extra 
ordinary leetoiiie disturbance whieli has debuiiuil 
the ucoid I the shapt' or fijiure of the earth ) to siicli 
an extent thal in no other part of the woi'ld lias 
till* direction of «*ravity been found to undcri:" 
such abnormal Variations as have been deteett'd !».' 
the Snrv(‘y of India in Northern India ami by llw 
Kussian sin*veyoi*.s mirth of the l*amirs in f’er- 
irhana .Vceordiny to Sir Sidne,y lbii*rard, in i‘" 
o1h(‘r country in Hit* woi*ld diies a surface <»t 
liquid flt !*cst (b'viaU* so much 1‘ron'i the hori/onlal. 
It was in' India that it was discovered that a 
deficiency of matter undcrli(‘s the vast i)ile 
superficial matter, the Himalaya ; that, oir the ctlier 
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are the himauyas compensted? 

IijiikI, ;i cliaiir of nms umlrr 

tho hulo phiins; and that sra-wai'd 

(hdloHions (»r llic |nniiliihnii, rallici* Ilian Inwards 
1 Ilf ( dials, prcvad round lln* cnasls of Dfi'can. 
Thfsf ilisfov(‘r‘n‘s Ifd In llif 1‘oriimlalinfi oT tin* 
llifory of mountain compensation in aland lSn4 l>y 
llif K(‘V. 4. II. Prall, Ar<-lidfafon nl’ <'al<Md1a, a 
Ilifory wlii('li was siil)sfi|n(‘n1ly flal)(»rali‘d and 
cNpandfd into tin* dof trine <»!* hosUisy. This simple 
liypnl liesis, whieli has had a Lin-al vnyiie. parti- 
j'lilarly in America, implies a certain amount oT 
liydroslalie halaiu'c helween the ditTerenl seii 
iiieids (d‘ tin* earth’s maist and an adjustment he- 
lween the siirfai't* l<ipooraphie reliid' ami the 
ai'i'aimemenf of density in the snh-<*rnst, so that 
above (‘a»*h rej^ion of l(*ss density there will l>(‘ a 
hiil^'e, while (»ver tracts of greater «lensity there 
will he a hollow lh(‘ rormer will la* tin* conti- 
nents. plateaus and nioiintaiiis, the latter tin* 
oc(‘an hasins. 'I’ln* e\<‘ess material over portions 
of tin* (‘arth ahove the sea h'Vel will thus he 
compt'iisated for hy a ^lefect of d<*nsity in tin* 
iind(‘rlyin«i' material, the (*ontiiients and nionn- 
lains ln‘ini»' floated lu'caiise they are composed of 
rclativi'ly liyht m,*ilerlal ; similarly the lloor of tin* 
ocean will he depressed he(*ansc it is <‘om]>os(*d of 
iiinisiially deiise rocky snhstratnni. If an extra 
loatl is imposed (Ui any part of the siirfa<*e, e.g. 
(h*ltas and i(*<' she<‘ts dnrinj* a ylacial i*poch, it 
nmsl sink under it, wdiile re«»i<jns exposed to 
prohuiiJi'etl denudation must rise until eunilihriuni 
is estahlished. The (leptli at which isostatie eom- 
jiensalion is stijiposed to he complete is huiud, 
in tin* rniied States of Amei'ica, to he ahont Th 
miles. In India it is diflicull to arrivi* at any such 
tleflnite fij»ure, for is(»static conditions must e\ i 
deiilly he difft'rent in the IVninsula, a reoitui td' 
Ilia'll j'eoloji'ical antiipiity, from those of the extra- 
l*cninsular mountain region, whi(*h have nnder- 
?4‘one very recent oro«»i*aphic movements ot the 
’•rust. In the former area isostatie halanee must 
obviously he move perfect than in the Himalaya. 

Plumh-Iitn* and pendulum ohs<*rvations at Dehra 
Hun have shown that tin* “ toimyraphic detlee- 
lion,” i.e, that <.lue to the calculated visible mass 
ol the Himalaya to the north, is Sti", hut the true 
oliserved deflection is only 31". h’or Murree the 
h.uures are 45" and 12" resiieetively ; while for 


Kaliana, north of Meerut, wliich is only 50 miles 
from the foot of the Himalaya, the ohsei*vcd detle<*- 
tion is only I", whereas it tumhl to he 'rin*.s<* 

ohservat ii>ns i)i*»)ve that tin* Himalayas are la]*»el.y 
comjmn.sated, 111011^11 not fully, for the dirt'erences 
hetwci'ii the ohservetl detlections and tin* tlni»reti- 
<*al. even umler tin* a.ssumption of isostatie com 
pensatiori. are too j»real. 

t )n the I mio-l Jaii^et ic plains the deflections are 
iiivariahly to the south and not towar<ls the 
Himal;iya. This southerly rlcllerlion increases 
till the Lat. to tin* south of whi('h the 

l)lumh lim* deflects auain to tin* Juu*th. 4 ’ln*se 
dis<*repant data hav<* been explained hy Hui'rard 
hy a.ssuminj*- that then* I'xists umlerneath the 
plains a chain of d(‘nse rock, from Ori.ssa north- 
Wi‘st wards throuiih duhhieport* to Karachi- an 
assumption w'hich is fully h«u*ne out hy the lar^e 
numln-r of m*avity nn‘asnrem(‘?ils of re(*ent years. 

Ihe Indo-dant^elic Trough 

.\t the foot of the Himalayas and paralU*! w’ith 
tln'ir extension from Ha/.ara to Assam runs the 
!in*at plains tract of \orth(*rn India. These level 
plains of the Ihinjah, Tniti'd lh*ovirj(*es, Hihar 
and r»(*n«'al mark the site of a de(*p d(*ticiency that 
is fille<l ui> with sands, clay ami silt hnumht d(uvn 
'‘rom the moiinlans hy tin* rivers of the Indus 
tian^es systems. 'I’his hollow or troujih. variously 
estimated as from doOO to 2 (),tMH) ft. deep, is r)(»w 
rcL’arded hy Imlian L»-eoloi;'isls as a “ fore ih*ep ” in 
front of the Himalayas, a complementai*,y sauiiiipi’ 
pro<hn*ev| in the <*d;4e of the Menitisnlai’ h)ri*land 
as it resisted the advaneinu' i*rnstal w.ives f)*om 
the north. These two leaturcs, lliercfore. haviri”' 
a cojuujon origin, must he considered tom*thei’. 
Thonjih lilh‘d wth lighter ro«*k- -the alluvium is 
ahtuil IS' less «h*nse than normal I'oek to such 
<*reat depth, the ^ravitativi* attraction (»f tin* Indo- 
tianj'elic plains show jio <l(*fe<*t of dt*nsity, on 
the contrary as mentioned ahove, Ihe plumb liiie in 
the (langelic basin is dellected towards the plains 
ami away from tin* Himalay;i. 'Phis fact is of 
tin* highest signiticaiu'e and although its exact im^ 
plic.'itions are not thoroughly urnlerstood, it sug- 
gests some kind of coi-r(*lat ion between under- 
ground distrihutii)n of di'usity and sui’faee geolo- 
gical featuri's; at tin* same* tinn* it goes a great 
way in accounting for the fumlamenlal structural 
unity of tin* Himalayas ami the (Jangetie* trough. . 
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ARE m. HIMALAYAS COMPENSTED? 

To what oxicMit arc llio Himalayas ooinpensnl- 
0 ( 1 / O))sorvali()ns at a law nuinhor of {gravity 
stations in the midst of the Himalayas enable us 
to say that there is a defect of compensation in 
tlie outer foot hills, known as the Sub-llimalayaii 
zone, in other words, this area is umlereom])en- 
sn1<‘(l and one t)f overload. This <lefect inereases in 
amount imlil, accor<lin}i- to Oblham, “ at some 50 
miles fj’ojii the edjre (»f thi* hills it reaches an 
e(|ui valent to an overload of about 2000 ft. (d* 
rock. In the interior of the Himalayas, in the 
central raises, observatiems show that at al»out 
140 miles from the edue of tlie mountains this 
t)verIoad has disat)t)eared and compensation is in 
exci'ss.” These variations in the balance between 
the 1oponra))hical and underground compensation, 
according: to the same authority, lend. s<imc corro- 
boration the theory <»f suppoi’t of the ranyre by 
tlotati<»n and seems to suyfjfest the rather (lill)er- 
tian conclusion that the yrrowth of the support 
has been more rapid than that of the raiiye above 
it. The primary ])roblem tlnm becomes not as \Kt 
how the Himalayas are snpport<Ml at their actual 
height, but why they are not even loftier, in otlnn* 
words, the problem is carrie<l one stajfc further 
back, from the oriyrin of the raiiyre to the orijfin 
of its root,* 

The (pu>stion of tlic origin of mountain-ranji:es 
thus ac(piires a new sijfnificain'c tin* primary 
factor in the pnMiuction of the raime (»n the sur- 
face of the earth is not the formation and eleva- 
tion of a tract <*arryiny: a <leep pile of sediments, 
but the provision of a ln*ll t»f excess «d' buoyancy 
umler the raimc, which provides the motive 
force; the rany»e it.self thus becomes but a 
.secondary phenomenon to the processes at work 
in the sub-stratum below. 

The (pieslion “ Arc tin* Himalayas com- 
pensated/’’ is thus in a way answered, for 
compensation is proved to exist. There are, 
however, ditferences of ofunion as to the 
why and wherefore of the case; why coni' 
peiLsatioti exists and what circumstances briiifi^ 
it about .’ Measurements of yrravity and devia- 

* R. 1) OlUhniii: O. «/• G.S., Vul. LXXII, p. ix, I^oncloii 
put). Mtm. (r,S./., Vol. Xl.il, Rl. 2, Calcutta, 1017. 


tions from the vertical as carried out by the 
rjeodetic Survey of India during the last 2 decades 
Rive some support to the main faets of isostasy, 
though there are-donbts roganliiig the tlegree of its 
eonipleteness and the depth at whieh it is effective; 
the theoretical explanation of isostasy is also 
found to b(‘ inadcunatc in (‘xpiaining the large 
niiomalies of gravity whieii prt‘vail in India. 
Tlu‘sc anomalies, Imth ))osiliv<‘ and tit'galivc, 
oeenr (‘Veil wlu‘n there are no snrfaet* featur(‘s 
prc.sent to account for them. Tin* “ Hidden 
Chain ” of lliirrard, a wcll-markcil belt of cxc(‘ss 
of tlensity traversing the plains from Orissa to 
lialueliistan is still a mystery. Cor the main 
relief features of India, altbongli a considerable 
d(‘grcc of compcn.sation <locs (‘xist, there arc 
serious anomalies between the theoretical (i.c. 
calculated from existing topography) and observ- 
ed vnlnt‘s of the direction and force of gravity 
wliicli remain to be accounted for. Cor example, 
gravimetric surveys have definitely proved b(‘lts 
of underground excess of density ami «)f defects 
of ilensity in Northern India, whieh are not n* 
prc.sent eti liy any surface deeps or heights. This 
is fundamentally at variance wilii the hypothesis 
of i.sostasy. 

To account for these anomalies, an alternalivc 
hypothesis has lately been propounded hy Col. 
(ilennie of Uh‘ Survey of India. It aims to ex 
plain the gravity anomalies hy assuming a sei'ies 
of bulges tir n]iwar])s and troughs or downwarps 
in the dense layers of rocks lining the snii-ern.sl. 
at a deptli of some 20 miles helow the snrfai*e. 
These crustal warps elevate and depress the densv 
basaltie sub-stratum of tlie granitic crust, abovr 
or below its etpiilibrinm iilane and thus erealr 
conditions favourable for ]>rolonged enision in tlir 
one a*'»'a and of accumulation of sediment in tin* 
other area. The subject, however, is still in tin* 
.stage of examination and discussion. 

It appears that on the whole India is an area of 
defective tlensity. (Iravity in India is in tiefieil in 
spite of all the height, bulk and weight the Hima- 
layas have given to it, and it needs a thiek straliini 
of rock somewhere about BOO ft., s])read over tin* 
entire siirfiiee of the eountry to eounterbabimM' 
the defect of mass.* 

* A lecture delivered at Allahabad on the occa.sioii of tie- 
Golden Jubilee of the Allahabad Pniversity. 
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Conditioned Reflexes 


K. C« Mukherjea 

Drccr Uni varsity. 

rnERE is a llinl \hv various hraiirhos (if 

psyrliolo^ry has uuulo projriTss just in so far as 
lliry have frr(‘cl llionisrlvos from I hr Iraimurls (»f 
of (*ous(*iousii(‘ss aiui iulrosprctiou. Hunter pr<i* 
poses to s<'ra]) the NV(»nl “ psyeholooy ” alto^t'lher 
ami to suhslitule the new ti‘rm “ ant liropononiy 
lint no one could he im»re drasti<* in the exclusion 
of conscious events than the < Jenna n ohjectivists. 
'rhey i)i).jected, for example, to the us(‘ of llie term 
•* ear ”, hecause th<‘ oar is the orjian of hearinjr. 
We have, they thouj^hl. no riyht t(» assume that 
(u*«anisms hear; lei us us(‘, they said, the term 
** plmnoreceplor Similarly, we have m» rij»ht 
to assume that an animal sees; lei us use the term 
“ photoreceptor This helia viouristic st)irit 
<*arly in its career fell in with a powerful ally, 
namely the do(*trine (»f * Kellexolojiy ’ or the *•( Con- 
ditioned ReH(‘x” which develo])ed independently in 
Russia. Russian reflexology was the creation of 
two men lleehterev and Pavlov. Tlie former 
while collahoratiu}* with S])irtov reported ex 
periments on an “artificially associated respira- 
t(»ry motor reflt'x ” in the doy. If cold he 
smideidy ap])lied to tin* skin tlnn'c <iccurs in <lo»s 
las in ourselves) a well-marked rellex catehiufr of 
the breath. Pecliterev fioti(M*<l that, if another 
stiimdus is reiH*atedly applie<l at the same tipie 
as the eohl, it will <*ventually start off the same 
reflex when ^iven hy itself, will in fact act as thoujrh 
it were a substitute fm* the “ natural ” stimulus 
of the reflex. Kven before Uec}it(*rev ’s sli.scovery 
of the *' associated reflex ” l^ivb»v had found a 
similar ))henomenon in what lu' called the “ (Condi- 
tioned reflex.” He observed that a <lo}»: would 
secrete saliva, not only when {^iven food, but 
when presented with a stimulus that was 
associated with food. The doj^s could be 

trained to salivate at varying' periods after the 
eonditionintr stimulus (the so-called “ trace 
reflex”), and such astonishing: accuracy in the 
measurement of lime w^as shown that a suitably 


trained dojr w«uild .salivate exactly thirty minut<‘s 
after the stimulus, no reaction bcini: obtained 
even at tin* tw(‘nty ninth minute. 

'riiis e<mdilioiied relb'X lias jira<lually become 
one of the principal metbo<ls ami working eon 
ecpls of bt‘baviourism. Indeed, it wtiuld seem to 
atlf«»rd an almost unlimited tield for I'cseareh. 
Maleer, usin** a met Inal devised by Krasiioiiorski. 
trained youn^‘ (‘bildr(*n to open tln'ir imuiths to 
receive a elioeolate drop wlnnievcr they reeeive<l 
a loneli on tin* arm. 'I'lie eliildreii. who ran}*'ed 
in ajre from thn*e to seven, were also submit t<*d 
to in1elli}»cm*c tt*sts, and it was found that bolli 
the development and. the (‘Xtinetion of the eomli- 
tioneil rellex W(*re niort* rapitl in tin* east* of tin* 
more inteHia(‘nt ehiblrt*!!. (In the eonative side, 
Watson has bet‘n abb* to establish eonditi<nn*<l 
fear reaetitins to a number of stimuli, as when 
he showeii the child an animal at the same tinn* 
a : a loud voi(*e was iiiadt*, in* found that a 
fear react iou subse(pn*nt ly occurred at tin* aptiear- 
anee of this animal. (Conditioned relb*xt‘s of this 
kind are very dinienlt to <*xtin!nnish, and Watson 
him.s<*lf believes that such expt*rinn‘nts reveal to 
us the way in whi(*h art* lormetl tin* irratitinal 
phobias td' the m*urotie. lmb*etl by many be- 
havitmrists tin* eomlitit»m*tl rellex is rt*j>arded as 
the pattern tm which all motiifieations of eoutluet 
are aetpiircd. It is bclievctl that all Icarniuf* is 
sim]>ly ctuniitionin^, ami that the (*omlitioiie<l n‘s- 
ptHise is the true unit of iearm*d bt'havitiur. 

It seems that the etuiditiouetl reflex has for 
the behaviourist taken over tin* part ftirmerly 
playeil by tin* “ association <»f itb‘as. ” behaviour- 
ism, as tlius iuterj)reted, is imleed a sort of objective 
assoeiationism ; Watsi»n may p(‘rha))s be looked 
upon as the twentieth century repre.sentative of 
the position oeeupied in the uiueteeulb century by 
James Mill, ami mm*h the same objections may be, 
and have lieeii, broiiRhf against both attempts at 
the abolition of juirpose or activity of mind. 
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CONDITIONED REFLEXES 

Till' iiu*{iriin^ of a vvonl, is to this 

sohoo] of thoii;^])!. nothing’ hnl a (‘oiidiliotMMl 
rospoiisr to lliat \vor<l. If, f(M' (‘xaiiiplc, the child 
reaches ttiwai'd a hoi lie. and Ihe \vtn*d “ IxHtIc ” 
is rc|)ealc(l inariy lim«*s in corirn'cl i<Mi with it, th<*n 
in the coiirsi* of lime sayinj^ the word “ hottle ” 
will produce in Ihe eliild tin- n‘a<*hiim' movmnenl ; 
a condilioiied response lias been eslahlisln‘d. What 
th(‘ word *■ ImiIHc ” means is the hehavionr in 
rt‘fcrenee to Ihe holtle. The asso<‘ial ioiiisl view 
that w<nals arouse simjily ideas is ahoji>ct lun* 
ahandoiied. So I In* ditlieidty of the condilioin^d 
r(‘ll(‘\ in (^\plainini* Ihe enornnms (liffcrcnce of 
hehavionr to Ihc sTmlilly »liri‘<-r<‘nl slimnli 
“ ^ onr son is dea<l ” and “ My son is <lea<l ” 
when deslilnleof i^leas is hardly mel sal isfaetori- 
ly. 'rile theo?-y of the <Mindit i(»ne(| relh*x still deals 
with Ihe fiimlammilals of l)ehavi«»nr low'(‘r in order, 
and chooses a point of viiwv whieh praclieally 
presenis th(‘ matter npsid(‘ down. In understand 
inu' a hnsin(‘ss we should approa('h the direet<n*s 
and not plamie the ofli<‘e hoy or the si eiioLira pliers. 
The arrangements in the spinal (Mird may lit* easily 
invest iuated, hut still here* Ihe simple process of 
e<m<Iilionin«; is not <juile eh'ar. How are we to 
conceive the effect- namely the wat(*rin»i- of the 
doji's mouth of tlu' eomlitioned stimulus (the 
note) ! Is it satisfactory to think (d‘ either as the 
sloi’inji- in some neural cells (d‘ an ima^e of food 
whicli hohs up to (M) operate when the note is 
sounded or a idiannel in tin* neural pathways 
opened or enlariLia'd. The eell-doct rine or the 
ilrainajLic theory is no <huiht temptinji'. liut Iht* 
former is altoyelher I'xploded and the latter is 


still popular. The draina{?e theory is uroundless 
without the theory of lowered resistance of wdiieh 
it is praeti<‘ally an extension, ('onditioninj*' is 
(‘fleeted liy the association of the stimuli — say the 
souiidiiifi: of the note and the jiivinji of Ihe food, 
hut surprisingly enoiijih no coiiditioninj* takes place 
if the note is sounded after the food is ..j^iveii. 
The note is to h(‘ sounded hefoiM' or cont(*mpora- 
iieously with the j'ivinj* of the food for tlu* eomli- 
licuied act of salivation. Hut 1h(‘ ('xplanatiiUi that 
lh(‘ final eonimon path havin;* its .synaptic enti*ance 
r(‘sistaiUM* suflicieiilly IowcismI j»ets us(‘d to the 
iiitrud(‘r is not (‘nouj>h. Kor if wt* ^o on soundinj*' 
the note tin* r(*sistan('e should gradually he more 
decreased and the flow of .salivation should he more 
(•(►pion.s, hut on the other hand we ohserve that 
th(‘ salivation somi (*(‘ases altoother, if tiu‘ note* 
is not from time to tim(‘ follow'csl hy th(‘ natural 
stimulus tin* food. So the physiolojiical reuuire- 
ments of tin* resistance tlu*ory are not eiioujih for 
the (‘onditioninj*-. \V(‘ find no physiological j^round 
h(‘re for the* disi'onlinuity <d‘ Ihe path (»p(‘n(Mi for 
salivation at tln‘ soumlin^ of tin* noli‘. Kurther 
soundiims of tlu‘ nol(‘ should have <leep(‘ned Ihe 
path, hut thi‘ path is in fact, instead id' heiim- 
dei'pcned, cIosimI. Tin* .synaptic resislaiice which 
has been lowi‘red hy tin* m(‘r(‘ pa.s.saj*(‘ (d‘ the ini 
pulse should not or cannot h(‘ i*aised hy its further 
passajivs. Indeed w liat is lackiuj»' luns* is sonudhiuj*' 
mcnt;il. Tin* note is changes! in meaninjr, for it 
heinj»' ili.s.social(*d with the food no lonj^iu* excites 
th(‘ doj*‘’s n(*ed for food and eonse<|Uenlly Ihe 
.salivation. Thus the »*el1ex theory is imieed bank- 
rupt h(*re. And evmi Hi'of. Medoiijiall believes in 
some ])sychiea! cuidane(‘ of the neural discliaru'e 
when his ilrainaye 1h(*ory is found inade«iuate. 
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Nobel Laureates in Chemistry and 
Medicine for 1937 


Professor Paul Karrcr 

Paul Kjiitci*, pmt’fssdi* of (‘liciiiistrv. ( ni 

v<'i*sify, li;is been m \v;m*<1(‘<| IIu* Nobel l*rize ini- 
eheiiiistry in I9:»7. He h;is published u Ijirj^e tiiiiuber 
of p;ip«*i*s dejdiii^ with nuiiiy iiiiportani problems 
of orjianie and bio-ehemistry. The mosi ontslami 
in^- of his (‘ontribulions are asso(Mat(‘d with the 
ehemisti'v (d* vitamins. A, IL and i \ the pi*esenee 
of all ol* whieh in onr daily diet is .absolutely 
neeessary for normal and he.althy jjtrowth t»r th<‘ 
Imdy. He isol.ated pure \itamiri A t'laim liver oils 
(d‘ eert.ain sea tish .and est.a blishe<l ils <‘liemie;d 
constitution. He s,\ ill hesi/ed vilamin !».. (ami i*e- 
l.aled (amn)ounds) whieh bnaus a jiart of the 
“yellow oxidizing en/\ iik* ” of W.arburjr. Ke 
ei'Ully he has turned his .attention to the is<ilalion 
of vit.amin K. the ant ist<‘rility 1*. actor, whieh i.s 
present in wheat-^auaii oil. 

Karrer is .als<» witlely know n t’or his rese.arehes 
on the luitur.al polyein* piunieiits of veuet.abb* .and 
.anim.al origin, .some of whiidi .are rem.arkable from 
the bio-<dnaiii«aal .sl.andpoint. He studied the 
lauistitution of [i cai'olene, the (‘o|«Mirint! m.atter of 
(‘.aia'ot. whieh is t r, a ns formed into vit.amin A in Hie 
boily. He has .also v.astly increasexi our knowledge 
of ilu‘ chemic.al <'onst it ut ion of tin* pigments pre 
sent in tomato, s.afriam, .aiin.atto, purple baeteri.a, 
ciaab, lobst(‘r, ete. Hesides these he h.as .akso 
publislual .a number of papers de.alin^ with tin* 
chemistry of |)olys;i(Mdi.aridi's. .alkaloids .and .antho 
(\vanins. It is interesting' to note th.at tin* names 
of thre<* Nobel l*i*i/e winners for l!)o7 .are nmre »>r 
less associated with vitamin (\ 

I\ K. B. 

Professor W. N. Havvortli 

Prof. \V. H.aworth, Director of the l)e]><'irl 
nuMit of (’bemisti*y in the I niversity of Hirmin^- 
ham. has been awarded the Nobel Prize in 


chemistry f«U‘ I!t37. Hi‘ is a D.avy Medallist of 
the Ri»y.al SoeiiMy .and .also lauinsl.aCf Medallist of 
the Chmnic.al Society of London. 

.\fter the pioneerin*; reseaiadies (»f Lmil Pischer 
in the clnanisti’y jif the sU'-i.ars, Prof. I l.-i w tirth ’s 
contributions to this f.ascin.at iim' subjeoi bc.ar 
.ample testimony to his experimeiit.al skill .and 
resoiirci*. h’ischer by his study of the hexo.se 
unit l.aid tin* m.ain foiind.al ions of the c.arbohydr.ale 
talitiia* .and Ibof. H.aworth in col l.a bora 1 ion with 
his dislinMiiished cowork(‘rs Dr K. L. Hirst .and 
Dr H. D. K. Drew and m.aiiy others h.as not only 
iaaiiovi*»| the i manisist eiicies in tin* «'on\ eiit iona I 
and tradition.al formulae (»f sni:ars. but fianii .a 
det.ailed study id’ the methylated sii'jars .and their 
derix.atives he has adduced ca)rM'lusi\e experi 
ment.al evideina*. showinin that tin- normal suii.ars 
.are rekati'tl to fyran and tin* labile suuars are lad.at- 
ed to lir.an. He h.as pia*sente<| to us the most satis 
factory picture of the actual atom model of the 
sii^.ar units, whii'h is now iiniNers.illy .o'cepted and 
is now enjj.a'^ed in determining the ch.aracter of 
the superstructure Nature builds with these, ln-r 
cln»sen units. In Pi'of. Haworth 'sown woials ‘ d’he 
elucid.ation of the jiin: structma' of siiii.ars has 
jiiven ,a new impetus to const it nt i<»nal stndx. 'fbe 
allocation of tin* liex.aLnm formula to •jlu(*os(‘ h.as 
provided new intei’piaU.ations of the experinient.al 
evideiiee be.ai'ini: on the (aiiist it ut ion of tin* 
jMdys.KM'ha rides.’ 

Pi'of. H.aworth 's work on the constitution of 
ascorbii* aci<l and its .anolojiues is .also of tuitst.and- 
inu imp(»rt.anc(‘. In Sz»*nt tJybrj*yi isol.ated 

fia>m adren.al (a)rtt‘X oianmes ami cabbaji(‘s a high- 
ly re.ae< ive substance named by him lu‘xnronic .acid 
h.aviny' strong- .anti-scorbutic p?'operties .ami this 
was renamed ascorbic aeiil by .Szent-( J \ briiyi and 
H.aworth whieh is the .s.ame thin*i .as vitamin ( ’. 
His monumental work in this line bears the stain]) 
of masteidy experimental skill and simultaneously 
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with KfirrcT he has elueidHliMl the eoiistituticiii of 
jiseorhie acid and has finally effected its synthesis, 
allh()n«:h the credit of liavinj*' dt'scrihed the first 
synthetic ascorbic acid is due to Keichstein and his 
<*ollal)orators. 

/). Chakiavafti 

Professor Albert Szent-Gyorgyi 

The Nohel IVize in me«li(MiM* for the .year 19.‘t7 
has been a\varde<l to Professor Albert Szent- 
(I.yor”yi. Itirector of the Institute of Medical 
(Mieniistry. rniversity of Szeged. Ilnn^ary, for his 
brilliant res(‘ai‘cln's on vitamin (' (ascorbic aci<l ) 
and its thera])eutic uses. 

While in\ estiva titn^‘ the phenomena (d‘ bio- 
logical oxi<lation the adrenal cortex atti:acte<I his 
pecnliar interest. The observation that fr«‘shly 
cut adrenal cortex rapiilly >larkens when treated 
with silvei* nitrate led him to attempt the isola- 
tion of the stron«’l.y rediH'inji substance <'oneerne<l. 
The effort was crowned with success when a 
crystalline organic (‘ompound of the formula 
was obtained. The name hexuronic acid 
was siuijicstcd. The i<lentity of this substance 
with vitamin (the anti scorbutic vitamin) was 


established by Szent-Oyorjryi in 19132, and the name 
* ascorbic acid * was siit^^ested for vitamin C. 
liarjfp fpiantities of pure crystalline ascorbic aci<l 
were jireparcd by him later from Hunf 4 :arian 
paprika by a relatively simple and elef>:ant method. 
It was the first time that a vitamin could be. isolal* 
ed in a |)ure state in such astonishiimly lar^e 
<iuantities. Facilities w'ere thus provided for the 
determination of the chemical structure of the 
vitamin and its final .synthesi.s. The pro])erties of 
the vitamin and its wide distribution in plants 
and animals seem to indicate that it plays an 
important role in the complex oxidation reduction 
processes «>f the livin}»- cell ami. a])arf from the 
cure and prevention of the deficiency disea.se 
.scurvy), vitamin (’ has ahso been reported to be 
clinically usefid in bloo<l ami vascular disea.ses. 
bical infections, rheunmtism, etc. The therapeutic 
po.ssibi lilies were ahso indicated by Szent-( Jyorjfyi. 

Very recently Szent t iyoi’y:yl has re])oi‘ted the 
existence (d* a m‘W vitamin vitamin 1* belon^in}^ 
to the llavone frroup of substances. It appears to 
be effect iv(‘ in curinji haemorrhagic diathesis of 
vascular type. It cuissl in a striking’ manner dis- 
orders of the permeability of the capillary wall. 
The existence (d‘ vitamin V however has been 
questioned. 

fiaid^analh Chosh. 


Redwood Byproducts 


One of the larj^fsl lumber concerns in the west 
has accomplisheil a most siicctacular development 
in the use of the bark of the redwood tree. On 
the standing'’ tree, the tmmh, fibrous bark affttrds 
protect it>n ajxainst fire and other encroachments 
of time. The Pacific Lumber (’o., built a bark- 
peeliim plant at its mill in Scotia, north t>f San 
Franci.sco, toj^-ether with shredders and driers based 
on textile industry practice. In })r(»ccssin^ the 
product, the bark is put into a shredder to be torn 
into tiny bits. Then it passes through a series of 


willowinff and eondensin;*- machines which remove 
the. dust and .soli<l matter and clean the tibres, 
reducing? them to a soft, fluffy red wool. The 
product is used as a heat insulator to insulate 
electric water heaters, in cold storat»’e plants, home 
constrnetion, air cnnditionirifr auxiliaries, ami fur 
vaults. Tnivensity athletic coaches also are find- 
iiifj: the wool iLseful for riinnin^^ track.**. It is said 
to furnish a resilient filler under layers of cinders 
and clay. — 

Jour, front /nsf. 
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India’s Economic Ills 

Pn*si(lin^ over thr :ilst St-ssion Hu liuli.-ni 
I't'oiioinic lu'ld at Hydrrahad fDrrtaii) 

(luriiij? Hu- last wctk uf DrirmU r Dr P. .1. 

'I'luitnas, l^rofcsM)!* of Kooiuiiiiics, Madras l*iiivt*rsily. 
s<ui;^lit in lii.s addiuvss to yivt* an answer to Hu* already 
miieli discussed proldt'in as to why India, in spilt 
td‘ a larji’c increase in Hie foreij^n tradi* and industrial 
production in the last seventy years, lias not eiijoyeil 
any appreciable improveineiit in the standard of livin«» 
ill the masses. Hi- attributis the n-ason to two faetors; 
{(i) inertieient and inadi-rpiate prodiu-tion and (h) in 
eiplitable disiriluition. " 'I'he firodiielive sysb-iii of 
the eountry, said Dr 'riioinas, lias been elo^-^ed by an 
unjust system of ilist ributioii. 'I’oo lar;;e a share 
of tile pureliashij;* power j^eiierated in the prodiielivc 
proeess has been j»oin« to the eapitalisl elasse.s and 
too small a share into the hands <d* labourers 
ami small prodiieers. fnfair teiiaiiey eondi 
lions, unjust loan transact ions and ine<|uita)>ie 
methods of inarkelinj*; have bei-ii insi num-ntal in briii};- 
in;r about this condition. 'I'he residt has b<-en per 
sisti-id under eonsumpt ion which, in turn, has led to 
serituis l•n(h■r prodiietion and this is the ehi< f malady 
I'rtuii which we an* siitferin^ in I'ulia. " Ntit only 
has the baiu‘ful economic system ”, he pnu-eeiietl. 
' kept India poor and undevelopt <1 ; it has also upset 
tlu- balaiu'c of world eeoiiomy. Had tiu* pnnhasin;^ 
pi.wer of the teeiiiinir millions of India and China 
hei fi higher, ceonomie internationalism would have 
luuetioned more harmoiiioiisly and foodstuffs would 
not have lu-en dest roved in one part <d’ the worhl 
'vhile tlu- other part was lnmj;-erinn- for food. In 
dt-visin^ the plan for rcbuildiut^; our ecmiomii* system, 
“ur national genius and (ullnral Iurila*i;e must b«- 
taki n into aci'ounl. " Dr 'I'homas eoneliided: 

Del it be remembered that any rise in the stan- 
‘lard of Iivinj4 uf the masses in India will not only 
>nen*H.se the economic w’clfare of a fifth of the human 
'‘•'u-e but w'ill also contribute substantially to tlu* well 
ht-iii^ of the world as a wdiolc 
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Agricultural Research 

The (iinerning Mody of the Impi-rial ( onneil of 
A:»rieultural l{i-st*areh which nu t in Delhi iluring the 
see«ind wi ek »»f De»*ember h>.‘l7 iliseiisst d and n-iu-wed 
in many eases tlu* grants for a number of important 
seheiiu-s already in progn-ss, Tlu- renewals inelude 
the in\ t stigations inti> the laleriti- soils which are in 
progress ;d the Dacca Cni\ersily and tlu- research 
in Hu- clay lonstitueid of soil lu-ing carried on by 
Dr .1. W. Muklu-rji at tlu- Cah-utta l'ni\ersity. 
(iranls for extra assistants for a fruit resi-areh scheme 
in liiliar w«-re renewed. .\s r»gar<ls new selu-mes 
this year, the (ionrning Hody dei*id<*d to allocate 
funds to thosi- si-lu-nu-s which had bet-n eomnu-iub-d 
by Sir .lehn Itussell and Dr Wright. Cor many years 
an iin estigation has been proei-t-ding in Calcutta upon 
Ifulian drugs. .\ special grant is now being made 
to tlu* .Madras Veterinary Cidlegi- to ti-st tlu* \aliu* 
of iiuligi nous drugs for curing cattle diseases. 

0\ *r twenty repn*senlati\ es of the prt)viiu-es and 
Slat'-s, iiu-luding .Ministers, atteiuhd. .Vmong the 
new selu iiu-s saiu*t ioiied, at-i*ording to the ‘ .Vssoi'iated 
Pr<-ss . is flu- control of lick pt*s|s of ealtli*. 'Phis 
is an iiewel wldi’h attai-lu-s itself to eallle and causes 
loss of eondilion. resulting in rediu-i-d milk yit-ld and 
fre«|ueiitly i-auses sores in working bullocks and also 
earri«*s disease. 'I’lie im-thod of eimlrol is to make 
cattle w.-ilk through a tank eontaiiiing what is called 
a dip , which is a litjuid ( lu-inii-al, harmless to 
cattle but poisonous to tlu- ptst. 'I'lu- e\p(*rinicnt is 
b«*ing triiil in tlu- villagi s of tlu- llombay Presidi*ney. 
the lm|>erial Council of .Vgrieidlural lt<‘seareh and 
the Ibanbay (iovernmcnl sharing tlu- cost. 

'I’lu- (ioverning Mody gave its approval to the 
reeomim-ndations of Dr Wright and Sir .lohn Husscll 
and als») <lis(-ussed m arly sixty reports on the progress 
tif resea ri*h selu*nu-s. 

Need for a Scientific Vocabulary in Indian 
Vernaculars 

in hulia. which is ealleil a lonlineiit ralher Ilian 
a eountry, c*omposed of diverse race.s, speaking 
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different Inn^iiH^i's and rnjnvinf? ditr^rnit i-ulturrs, 
tlif need of rvolving a roininon national langua^i* 
is undisputed and is hein^ kendy felt by all and 
sundry. 'I’liis need is all the iiu»re urf^ent in view tif 
the deartli of seieiilifie terms and synonyms in the 
Iinlian N'ernaeulars. Of late steps have be<*n taken 
and ctforfs made in eertain quart<‘rs in this direetiori. 
and in this eoniu'xion must be mentioned the names 
of the (’ahutta I’niversity, whieh is now happily 
resolv('d to make the \Vrnaeular the medium of in- 
striK'tion at pre sent up to the .Malrieulation sta^e*, and 
the Hindiisthani Aeathiny, Allahabad, whieh have < aeh 
liroii^'ht out a booklet eontainin^* eepiivaleiit seieiititie* 
terms in i{(‘?if*ali and Hirnlnsthani. 'I’hese bf»c»klet.s 
are the results of jirolon^eel deliberations e»f eon- 
ferenees eean])osed of experit need men who have* dis 
tin^'iiishi'd tlu'inselve's in the field e)f lite-rary ])erstiils 
e>r seieuti/ie teae*hin^. Oiiee* adopted, they will nei 
(hnibt i*‘o a lem^ way te» reme»ve* the leini** fe lt want fi»r 
seientifie* veieabulary in enir \'ernaeiilars, in their 
respeetixe preeviines. And we unde*rstand that simi- 
lar steps have either bee*n taken e»r are be‘in,«: taken 
in eithe r proviiu'es tei evolve enit a similar translation 
of their Knii'lish e-epiivahuts. Hut what ne*e*els te» be 
emphasi/eel in this eeirniexieni is that there- must be* 
eennplete e*o-orelinat ion .'iinemi;' the-se. 'I’lie* ^oeabnlary 
adojite-d by one pro\ inee must be* similar to that ade>pt- 
t*d by anothe*r, so that the* se*ie nti/ie worker e>f a parti 
e'ular part may neit find it eiitlieult let eemnniinieate* 
his the)U|;hts eitlwr in wrilinir or in sja-e-eli te> his 
fe-lle»w \vorke*rs brhmtfin**' tei a ditlVrent part with a 
diile-ri'iil lan»uai;e*, 'file* ten-miimlony eiirre-nt in 
Helical must re*se*inble* tei a j;re*at e*\te*nt te) that in 
the rnite'd Hreivinees, se) that when the eommem 
national lan;»’na^e* fen* fiielia is finally e*ve>lveel anel 
adojited, there* may not be* a se-rieius dillieiilty. 

Flowering by Means of Butylene Gas 

A pate'ut tak<*n by tw<i research work<*rs of the 
De'partment e>f Af»;rieultnre*. 1'. S. A., covers the 
nu'thod e»f brin/^in/^ abenit the tlowerin^ of frnit- 
bearin^i; trees at any time of the year by means of 
butylene ^as. 'fhe treatment is carried emt in a lent 
where a concentration of 1 part of butylene in 


1()(),00() parts of air is maintained at a tem}>erature 
of the whole operation lasting; one to two 

hours. 

Intravenous Injection of Aspirin for Malaria 

For the tr(*atmenl of Malaria Hrofessor Aseoli of 
the rniversity of Palermo has introduced dailv 
intrnv(*noiis injection of aspirin, whieh reduces the 
blood contained in the liver — the part where malaria 
parasites Hoiirish iimst. 'fhis lreatim*nt would hi 
cflVetivc in the first stagjcs of this malady as well as 
in (*hronie e ases. 

Tlie Death of Prof. H. Molisch 

Wv rcg;re‘t to amioiiriee* the elealh of PreifesMir 
JI. Meiliseh of \'ie*nna on l)e*e*ember P, IP.'IT, at (hr 
a*i[e‘ eif s;t. Protessor Meiliseh was re'garele'd as an 
authority on ])lant physiolog:y and tiotany, e*spe-ciallv 
on the e‘he*mi(‘al side*. His chi'inie'al te'sts are ace*(‘ptnl 
as standards all over the worlei. It may be* n- 
me*mbe*re‘d that at the* invitation of Sir .1. ('. He>se* in 
Preif. .Molise'h visite'd the Heisc lte‘se*areh liisli 
lute, Cah'iitta, where he spent a few months stuelyiiu', 
plant life in this country. He rccoreled his obstr\a 
tions in Inelia in a book publishe*d in (ie rman in lU'J!) 
e'ntitle*el, ./ \fitnniHst iu India, in whieh he* paid high 
tribute-s te) lueliau se-ientisls and spieke- highly of thi ir 
methods eif work. 

Dr K. P. Biswas 

'The (h*g*re*e* of Doe-tor of Si-ie‘ne*e has be-e !) awaril««l 
to Mr k. P. Hiswas, M..\. (Cantab) of the Sibjion 
He)tanie*al (iardeus by the Edinburgh Cniversit\ ih 
re*e*e)gnition e)f his valuable* e-ontributions lowar'l*’ 
syste-matie* botany in India and Hurma. 

i> Hiswas had a brilliant ae*ade-mie e are» r and 
was the recipient of many medals and prizes- for his 
researches and other ae tivities in the field of learning: 
During the yt‘ar while on study leave, in 

visiteel the esmtiiient and diseus.seel various pro- 
blems in botany with many h*ading heads e)f ganh ns 
anel horticultural institutions. His paper on ‘ wah-r 
and marsh plants in India ’, read before the Holat)) 
Section of the 19;t7 session of the Hrilish Assoeialion. 
was highly appreciated. 
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Science in Industry 

New Use for Tetralin 

'riic liisliUilt* (if Physical ami Chciiiital 
Ilcscar<-ln‘s in .lapnn has pcrifclcd a ]jn»ccss in winch 
tclraiin is used for dissolving wash- hits of rnhlM-r. 
'This on stdidihcalion would yield a prodiul hi«*hly 
rcsislaiil to abrasion and snilablt* for fabricaiion <d‘ 
rubber lyres, l)cltin/>.s, etc. 'Phis proei-ss will soon 
he expl«>itt*d on an industrial scab* by a <'oinpany wlu) 
have lalvcn the rights of < x]iloilini»’ this process. 

Power Alcohol from Molasses 

It is reported that the Madras (fovirinnent is 
eonsiderina; the possibilities of inanufaetiirin/; powtT 
aleolud from molasses. 

U. P. Schemes for the Development of Industry 

'rhe Departimud of Industries and (’omnieree of 
the (fovtrnmeiit of the I'nited Provinces have 
saneliomal the followinji; schemes for the development 
of industries, as pre\it)nsly annoinwed by the Premier 
in his lbid,i»j t speei'h: 

'rnitionai classes for t<*xtile, lainiirii*: and wootl 
wiirkin^ industries; improvement td' the tfur iiuhistry; 
iniproveineiit of hand spinnini*;; improvement of the 
illass industry; improvement of the eotlai^e oil in 
diislry: survey <»f <*ottaf;e and minor industries and 
estahlishment of a eomnnreial inlellii>vnei‘ section in 
the Din i‘t«ir’s ortle<‘. 

About (ia per cent ot tam* j)rodueed in the pro- 
vince is eoiiverle<l into ffnt’. 'Phe animal <»utpid «d 
ijitr in the provii'.ee is valued at about Us. 1 1 erores. 
’Pile (jur indiislry is essentially a eoltaj;f industry. 
I’he aim of the seheme is to introdiiee improvements 
in its various ])bases Ibal the cultivator may obtain 
'* .i^reater yield, a superior quality and a more favour 
nbh* price. One demonstrator has been posted to 
‘aeh selected district. 

Por* the improvtanent of Ibe band spinning in- 
dustry, whieli is beitifj done llironj^h tlie All-India 
^jiiniicrs’ Association, it was proposed to eondiiet ex- 


pi-rimeiits for improvement of the spiimiiii*' wheel; to 
siibsidizi* band .sjiiiniers llial they may <arii a mini 
mnm «laily w ai»;e of tliree annas; io distribute spinning 
wheels and to eini,au^e inst ruelors. sum of 

Us. 10,01)0 is bi’iny; paid to the association for tliis 
work. Arranj^ements are hein;»; made to appiuiit a 
;;lass technologist aiul to eiii^a^e him in research work 
at the Ih iiares Hindu I'niversily. 'Mu- improvement 
of the eottan'e oil indiistrv will inehide a survey of 
the existiiii*- industry; <volv inu; invpro\ emeiit s in the 
e.xistiny; proei*sses <>1* village crnshiii^, and training 
edueat«'d yomi^' men for short periods at the liareonrt 
Putler 'reehnolo|i*ieal Iiistitnle, ('av\n|)ore, and set- 
liiii^ them up in at least two centres wliere cheap 
fdeetrieitv is availahh . 

Timber Research and Utilization Exhibition 

'Phis special h^xhi})ition is lu inji held by the 
'Pimber Development Assoeiatioii in eonjmietion with 
tile Porest Produets Ueseareli Laboratory, at llie 
Seieree .Miisium, South Kensington, to illustrate tin* 
metiiods of investigation of tin" various natural ))ro 
pertits of timhi r and the praetii'al application of the 
kiiovvh‘d^e thus ;;ained. 'I'o most of us tiinlnn* 
appears oidy as a linislud jirntliu t such as fiirnituo' 
or railway sleepi*rs or eriiket hats, but before it can 
bt* put to any of thest* uses anil to a jrreat many 
others less known the wood has to pass throufrh 
many staf»cs of development and [ireparation from 
its origin as a tree to its final de.iliny as an article of 
more, or less permanent use and beauty. 'Pimher to-day 
fuitils so many purposes that it is in greater demand 
than ever before; eonseqiieni ly the conservation of i-x 
istin^ supplies, new production through ulforestation 
.seheines, and research into the growth, jiropcrties and 
uses of wooii, are matters not only of eomiiii'reial 
blit of national eoneeni. In this Kxhihition the visi- 
tor may study the various asjveets of timber jirodiie- 
tion, eommeneing with the growth, general strnetnre 
and properties of wood. llluminaU-d studies of the 
mieroseo])ie struelure of ililVerent s))eeies and tludr 
ijuitahility for various purposes are sliowii, together 


387 


Vol. 111. No. 7 
JANUARY 19M 



SCIENCE IN INDUSTRY 

willi mi'tluuls of soasonin^ tiinhrr. S»‘asoiiiiij^ is i»f 
tiu* utmost iin))ortHn(‘i' ; now that tlu* tiim* (l(‘inaiu{- 
rd for " iialiiral ’’ im lliods of st asoninji: tanm>t al- 
ways hr tolrratrd, iiiiirli attriiU«ni is hriiijf j^ivni to tlir 
h(‘haviour of tiinla-r iindrr iinxli rn ariM-Irratrd inrihods. 
'I'imhrr for sinu-tural piirposis is trslri! in sprrially 
drsignrd inarliiiirs tlirs<- arr shown to^rllit‘r with 
inodtTTi wood w»»rkinjr inachinrs, and hy way »»f 
(‘onlrast a small ranj;r of anri(‘nt hand-tools, 

I ihisiraiioiis arr ;j;i\rn of Ihr sprrih** dis€‘asi*s atul 
ins4‘rt prsis, whii'h allarlv woo<l ludh as a living 
trrr and as a pirrr of tiinhrr, and thr rrquisitr anti 
dol<‘s or prrsfTvaliArs. Othrr sorlions ih-al with thr 
t)r<‘ rrsistan<<* and tln rinal (jiialilirs of various woods 
for hrat insulation. Of ,i*rnrral intrrrst to thr visitor 
arr thr iiKalrls and illiist rations of modrrn tinihrr hoitsrs 
and thrir mrthods of roristriirtion. and an r.\hihit show- 


ing ajt Hstoiiisliing array of modern products in more 
or less everyday use, all »if which originate fnan 
wood. In roniu'ction with thr Kxhihition a hand 
hook has hern roin])iird hy .Mr H. Alwyn Jay, M.A., 
.Xssislanl 'I'rrhniral Director of the 'I’imhrr Dcvrlop- 
inriit Association, (healing with tin* origin, stnu-turr, 
properties, distasi's and preservation of tinihrr, its 
t‘.>iivrrsion and inanufartiirr, and s«>nir asprt*t of its 
iitilixation. 'Tlu' hook is intended to he of lirrina 
nrnl use in tilling the demand for a rhea]) and <-onrisr 
tixthook Oil 'I'imher. (’o))irs are on sale at th« 
S«*irnrr Miisrinn. or may hr obtained from thr piih 
lishrrs, [I. .M. Stationery Oftirr. price (id. 

The Future and Prospects of Drug Industry 

Hrlou wt‘ piihlish thr ronrliiding portion of thr 
article. “ 'The Fiiliirr and Prospects of Drug tndnstrv 
in India,’* hy Dr U. .Mnkerji and Dr ('. fhipta. 
tin* prrr<(ling part of whit'h appeared in tin* last issue. 
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()«l»nrlmenf of I'hHrtiiuooloery. School of 'I'rt in’ciil Mcilieinn. t'al’iitla. 

B. Mukerji 

Hioc'Iiemical St iiidanii/ation I.ahorutorv. All India ln.stitiit«* of li.vKitMW nnd I'nhlic HcHith, r;i|c‘ut(:i. 


Tlie Present Status of Drug Manufacture in India 

X\’ithin the last :i0 years thanks to the eiiter- 
jirising spirit of some prominent chemists and 
medical iin ii the <Inig indnsiry has develojied f;iirly 
well in India, parlii-ularly in tin* provinces of Bengal 
ainl Bomhay. .Meoholie extracts of all descriptions 
pharmaeopoeial and non phannaeopoeial- mineral 
acids, inorganie and organic inetallie eompoumis. 
proprietary mediehies and medicinal s]U'eialities. .simi- 
lar to those imported from abroad, have been prepared. 
Kven organotherapeiitie pn'parations like thyroid 
extracts, suprarenal and jiituitary extracts, ]iv«*r 
pri*parations, and biological products like sera, 
va**eines, and bacteriophages havi* been ])rodueed. 
The output of th«*.se ])roduets is, however, at pn*sent 
very sinall. considering the si/.e of the country aiul its 
largi* ))opulation. It is ind «*noiigh to sii])ply a 
fraction of the re(jnin*ments of the people, to say 
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nothing of e\])orling siu h jireparations to oIIh :■ 
e<Hinlries. 'I'iiere is. therefori*. an enormous held fer 
furtiier lievelopnient. Bill the d(‘Velopnie;il luiisl 
lh‘ along well planiu*d and organixed lines. Duniu: 
reec*nt years, there are evidences of ra])idly-giowing. 
though often spasmodic, inti-rest in tin* building u]i »>i 
drug l•.anufaeturing industries from the raw mat* i 
ials available in this country. Wliilt* this is a \»i.' 
lu.peful sign ileserviug of the highest syiU|)athies ol 
all natio)ially-miiult‘d eitixeiis. it eainiot he ileiiirJ 
that heeniise of lack of proper organixation and knn\N 
ledge of the intricacies of the prohleins to he faced 
in such an enterprise, the quality of indigenous pro 
duets in general is being lowered and deteriorating 
ilay liy day, being .solely left to inexpert peo])le and 
to ill-equippetl laboratories and drug-houses, 1 1" 
evideiiee.s produced before the Drugs Kiiqiiir,)' t 
iiiiltee presided over hy Ool. Cli(»pra hear ainpl' 
testiinony to this statement. 'I'lie develo)mient nl 
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drug industry (>Htiiiol In* doiu* by ainaUMirs and iiovir* s. 
l)Ut should bf i'StablisiK'd on soi«*nlific basis undfi* 
rxport giiidanir of rhomists and pharamacologisls 
willi a good knowhdgr of llu* tci-linology i)!’ llu- 
industry. 'I’lic days »>f small industrits in drug pro- 
diiolion of tin- lypr of ’ i‘t>ttagr ’ imiustrirs aro tivi r, 
and to ai'hiuvf sufirss and staiul tin* inroads of oom 
]U‘titioii, tin* drug industry nnisl start oul with a 
sound, Wfll-thoiiglit out poJiry and with a ivaliza 
(ion »>f (ho rufds of llu* lioino and llio oiitsido niarkt-f. 

Difficulties of Drug Manufacture in India 

Pauritif o/ lirliahlr Paw M air rials: - Oiu* of 
tin* obiof diffi(‘ultios whioh bavt* (‘on fronted the 
inaniifacturing ciiemists and piiarainaccutists in India 
for some time and wliieb are still unsoKed, is tin* 
(piestion of ])roeiiring relial>le raw materials of 
standard (piality. India possesses vast rescuirees of 
iiu'dieinal ])lanls but the soureis of supply bavi* not 
}»een fully e.vplort'd. 'I'liere is no rt'liable orgaiii/ation 
in India for the e<»Ileetion of drugs in proper manner 
with adecpiatt* arrangements for drying and storing. 
I'.xeept for a small number of crude drugs wliieb are 
available from the Kashmir Stale Forest Depart- 
ment, the irad(‘ in crude drrigs is mostly carried on 
by private individuals and middlemen who. partly 
due to their ignorance of tlu* sul)jeel and jjartly due 
til the want of any kind of control on the (puiiily of 
drugs, dial with adulterated and inferi(»r (|ualily <d' 
drugs, ('rude drugs importtd in India from foreign 
eountries are also no better, and (piite often inaetive 
and worthh'ss stuif has been shipped (o India. 
( (»nse(pienlly a manufaeturer, who has to proeiiri' the 
proper (piality of raw luatc'rials. has to be ver;i 
eari'ful and has to, in his own interest, resort to an 
elaborat(“ examination before accepting a tMmsignineiit, 
For this purpos(‘, a projierly e(piipped laboratory 
and a large stall’ of trained chemists have to be 
maintaimd. This is an expcnsi\c item and material 
ly adds to the cost of manufacture. 

(UK T rauspitrlaliaa (’haiffrs an Dnufs: 'I’liis 
lorms another very heavy item and militates against 
lht‘ use of raw materials growing in diU'erent ])laces 
in the country. It sometimes happens that prices 
‘»f some drugs grown in India arc chcajur when 
purchasi'd from the Fondon market. Sirycnos nn.\ 
vomica is a case in point. Nu.v vomica seeds arc sold 


in Orissa market at Ils 1-1 0 per maiind of lOo lbs., 
delivered washed and dried at tin* buyer's godown. 
'riiese wvy seeds used to be sold in ('ah‘utla at Its 5 per 
maiind «>f H2 lbs. due to high transportation eharges by 
railways. The Fiiropian manufacturers. howev(*r, 
can get the same thing at half the ( ahiitta price 
because the shipping eompanic'i »-arry this eianmodity 
as ballast at ver\ low freight, and often it is possibh* 
to get a ipiotation from Fnglish stockists for supply 
in Calcutta of mix ((unica seeds at Its S /' (o Its .*1 
per niaund. If a special r(‘duced railway freight 
rate is allowed for drugs re(|uircd for luniajidr maim 
factiiring jiiirposes in India from the tent res of 
production to places of manufacture, this jiroblem 
can be (-asily solved. 

(.1). /*.’.rci.vc n'ffalaliaiis: .Manufacturers are 

givafly handicapped now due to (liffereiiccs in the 
provimial excise regulations. While it is not our 
purpose here to g.> into details regarding the intri 
e‘aci(‘s involve‘d in this (piestion, it is important to 
point out that this is a source ed’ (inamial losses to 
many drug manufacturing concerns. I’lu' inter provin- 
cial movement of spirituous medicines from lie iigal to 
Hombay and Madras, for example’, is bese t with dilfi 
eulties and ineonvi’nietiers due* to exe ise* r(‘strieliems at 
the provinci.*il boundaries. The> imported spirituous 
preparations id the’ same type’ on the* edlur hand, 
ea I be sent mihampi reel anywhe re and eve rywhere 
in India. Further, all re'seare'h .‘iiiel analytical works 
carried out by private- manufacture rs h;ive to be per 
forim-ej with eluty paiei spirit. 'I’he same slate-ment 
hedds gooel in the- e-ase id .-ileoliul use-el for the- manu- 
facture- ed alkaloids aiiei for otlu-r e-xt rae-t ion pur 
peiM-s, 'riiese- iti’iiis iiatiirallv add to the- i-ost id' ihe- 
llnishe-d preulucts issued from the- iniiige-noiis drug- 
manufacturing house s. 

{{■). I.arh af Marlunt-rtf jttr linnf Maaiifaclurr : 
.\nothi-r impi>rlant dillieulty in starting drug maim- 
facturing industry in this i-omitrv arisi-s from the 
lack ed’ information regarding designing of piauts 
for various industries. 'Fhere is at present no de- 
partment ed' e-hcmical engim-e-ring in any unive rsity in 
this cemntry, whie-h can suee-essfully unelertake Ihe- 
designing anil running of e-oinmere-ial ])lants suitabb- 
fe»r the manufacture- ed’ drugs. Fractically all the 
macliiiierv needed for modern drug production, begin- 
ning from the pill-making mae-hine to ordinary per 
colators, is imported from abroad. This means a 
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nmsidiTabh* oiitluy of mon<*y aiul a v«*ry lar^^c ov<t- 
lioad c*x|H‘iis<* lo loial busine ss ort*;aiii/atioi)s. 

It is not possible to deal with tbe dittieultit‘s in 
ail arliele of Ibis si/,e. Oidy tbe itnjjortanl diffieidties 
wbieb are jireseiit are mentioned here so that tbe 
prospietive inanufaetiirers may take stoek of the 
situation ami try to overcome them as far as it lies 
within tb<*ir powe r. Semie* of these can l)e easily 
rcinedie'd while others will probably take several y<‘ars 
and inijijhl require (b)vernment intervention for their 
siieeessfnl solution. We do ne)l howe ver consider that 
tlu'Se diliieulties are of siieli ma^nilueh' that they 
should be- insuperable barriers te) the develupine.-nt 

of dru^ industry in India. 

Development of Allied Industries 

'riie druii; industry teulay is so intimately re*lat<Ml 
te» e-hemie-al industrie s and le»ile*t and pe rfumery indus- 
tries that j»rope r emphasis slioulel be- y;iie-ii tee a 
eamsiele-ratiem eif these* aspe*<*ts in any we-ll-planneel 
se‘he*me for its eleve-lopine-nl. In fae'l, we- liehin^ te» 

the- j»’re)up wile) be-lie-u- that unless the* manufae‘ture* 

e»f the-se- ailieel preidue-ts is eh‘Ve*lope*d ale)n^‘ with the* 
manufae-ture- of ine-elie-inal eirujjfs, the* latte*r e*annot 
attain any re-markable- sue*ee ss. \ few e-eme re-te- ins- 

lanee-s in this e-eiiineetioii weiuhl serve- te> illustrate* the- 
peiiiit at issue-, 'riiiis, for the- inanufae-tiire- of ^ale-iii- 
e-als. ri-Hne-el ehe-mie-als, alkaleiiels. e-te-., e-Nte-nsive- use- 
e)f solve-nts is re-epiire-el. W ith the- e-xe-e-pti ii eif 
ale*e>hol, meist of the* seelve-nts <*.(/., ell le)re)fe»rm, ether, 
be-iize-ne*, ae-e-teeiu-, e te., have* te) be- impeirteel freim eithe-r 
e*oimtries aiiel a hi^h prie-e- has tei be* paiei for thean. 
Ale-e)he)l e-au be anel has be-e-ii pre)eluee-ei in Inelia fremi 
molasses impe)rte-el e-hiefiy from Java, l)Ut the- pries- 
is still hi^h e*ueMi!;;ii te) militate- against its fre'e* anel 
unre*striete'el use*. With the pre-se-nt shuiip in the- 
sugare-aiie- inelustrie's all e)ver Inelia, ale-e)he)l fremi 
Indian nudasse-s e-euilel be- prealue-e-ei at a very mueh 
cheaper rale than be-fore*. He-nze-ne e-eiulel be- maiiti- 
fae-ture*el freim e-oal whie*h is fairly abuuelaiit in emr 
ee)untry. 'I’lie* pre-se-nt prie-e* is ne-arly three* times 
the prie*e eef benze*ne in Knglanel. Ae*e*lone is pre- 
pare-d from weieiel shaving's anel saw einst, and the.se* 
raw mate-rials are available in abuiieianee in the 
e*ouiilry. Kne)niie)us (|uanlilie’S e)f glycerine are- being 
tbre>wn away in the fe)rni of seiap washlye fremi soap 
factories in India. Jf this glye*erine is recovered, it 


will not only be a help to the drug-manufacturing 
industry but will alse) cheapen tbe prie-e of Ineliaii 
soap. Further, glyee-rine is also needed in the inanu- 
faeliire* of many explosives and this will indirectly 
help in the' elcfence e)f the e-e)imtry. I.,arge quantities 
e»f lacte)sc e-ould be easily maeU- fre)ni muunels of 
‘ ctiliana * water containing milk sugar which is 
thrown away every day in llowbazar and in Scaldab. 
('austic soda is one of the most impeirtant raw mater- 
ials for a gre-ut many ineluslries. If its preKlue-liem 
is iiiule-rtaken by elnig mamifae-luring firms, it is 
sure- to be a tiroHtabh* pre)pe>sitie)n. In llu- 

proebie*tion of eauslie- soela, blt-ae-hing pe>wele‘r, 
bydreH‘ble>rie‘ acid anel liepiid e‘ble)t-iiu‘ woulel be e)b- 

tainerd. Hie-aehing pe)weie‘r is in gre*at lie-maiid in 
textile fae-torie-s anel tbe eidorine may be ulilixeei in 
ehiorinaling benzene wliie-b, as has be*en already 

pointed e)ut, eeiiilel be easily obtaine-el from e-oal tar. 

'rile*. e*ble)re)l)e‘nz(*ne- will give us phe nol, a ve ry impeir- 
laiit preieluet in the manufacture- of liepiid disinfec- 
tants. Similarly, sulphuric ae*iel is such an impeirtaul 
thing in iiu*elie*inal auel ehe-mie*al iiulustrie*s that it 
sheitdei he one e)f llte* e-llicf items te) be- e*emside*re*d in 
•I large- scale* elrug-mauufae turing imlustry. ramphor 
te) the- \alue of abe)ut Its 25 btkiis is impeirte-el e-vt-i-y 
ye*ar inle) Inelia. Inelia lias lie) goeiel se)uree eif e*amp- 
lior but with the me)de*rn ele vt-leipmeiit e)f the me-lhoel 
lor pre paring syiillu-lii* eampimr, it e-oulel be- preielue-eel 
e-eemeimieaily fremi turja-uline wbieb is be-iiig preuluee-d 
in fairly large epiaiilitie-s in llu* ruite-el I*re)vine*e-s. 
Ineiian magiie-siti- is aiaibdile* in large epiaiititie-s in 
the Salem Dislrie-l of the Maelras l^re-.siele-iie-y anil 
.Magiie-sium Sulpliate- -’aii be- e-asiiy proeiiie-e-el from 
this se)ui-e*e in Inelia. 'I’liese* few iiistaiiees weiuld 
slie)w Imw impeirtant it is to eleve-leip allie-d ebeinieal 
iiubistrie-s along with any sebeme- feir the elevelop 
iiu-iil of elrug iiielustry in this eeiimtry. I’lie- suiiu- n- 
mark applies tei the- pe-rfume-ry auel leiilet industrie-'- 
ill all tlieir varieuis phases. Essential eiils by imjn-eneel 
preie-esse-s e'oulel be obtaineel freuii raw materials like- 
Iteise-, eitreme-lla grass, ete., in Inelia or (’e*yle-»ii. It 
is gratifying tei note that atte-uliem lias alreaely be-eu 
elii-eeteel to this side*, but iimre* is reqilireel tei de-ve-lop 
the* basie* industrie's. 

Promotion of Drug Research 

Siele- by side with tbe de-velopini-nl e>f e-lu*inieal 
and ailieel indiislrie'S, a modt;rii drug maiiufaeluring 
eeme-ern must be )>re*par«*el to set apart a ))e)rtiewi eit 
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tlirir oiitlny to promote llu* t'stal)lislini(‘fi( of a 

srirnlifii' Mini rrsoarcli unit. Without a fully <‘(|iiipprcl 
It'clinical laboratory wlu-ir w«*ll trained botanists, 
flu*ini.sts, ha(*lrri<doj;ists. phannaeolo^ists, eli., will 
have opportunity to earry on in\ cslitratioiis on 
diflereiit a.speets «)f the [)rohh‘in of drii^ prodiietion. 
it will he futile to attempt tt> initiate a dru^-mann 
faetnring industry in India at the present numietil. 
.Modern medieine and tlnrapiiities are progression: 
rapidly, and an industry whieh nitiniately aims to 
supply the needs and n“(piirem«*nts <d’ siieh seimtifie 
praetiees eannot afford to l)e backward and uiuh rno 
tin* risk of being wiped out sooin r or later. In India. 
th(‘ capitalists and industrialists are largt iy ignorant 
of the nde td' seic'iua* in industry and are apt to 
think an\ expenditure on seientitie aiul research jiro 
jeefs as iinjustitied and unneeerssary. 'rids is in sharp 
contrast to the attitude of \vesl»-rn inauufa«-turers and 
industrialists, who <lo ?)ot luvsitah* to spend a deeeii* 
portion of the capital on this head alone. S<Menlilie 
research and divelopmenl ar<' really the pivots on 
which drug industry nr any other industry, for that 
matter, sliould stand in modern times. A \isit to 
the research lalxiralories of some of the [)rogressive 
drug and eliemieal matnifaeturing eoneerns in America, 
Kngland, (iermany, ett*., eannot fail to impress anyone 
(d‘ tile sutireine importance of money being spent in 
lids direction. 'I'his expenditure usually pays a 
large divideml in years to come, 'riius, the Bayer- 
.Meisler Lucius Co., in (d rmany spent several 
thousand pounds lor nearly 10 years for ileveloping 
a ‘.yntlulii’ antiniaiarial remedy of the type of 
(|ninin<‘. \ow their researehi s have home fridt, and 
the ir seientitie investigators have ]n*odueed ‘ .Vtebrin ’ 
and ‘ j)lasmoehin.’ It will now be easy for tlnin to 
realize ten tiniiss the nioin y spj iit on this s<s)re. 'I'here 
are many other examples of this nature' whie'h show 
be'vemd doubt the aelvisahility of maintaining a seie'uli- 
tie start anel up tei elate leehnieal laheiraleirie s in drug 
nianufae'turing eemeerns. If sue*h e-labeirale- arrange 
inents are imt peissible- imnie'eliate'ly, some* ed the- 
alre aely existing eilueatiemal institutions in the country 
might be ap])roaehed fen* aelvie-e anel lu'lj). Ile*se'are*h 
si'lmlarships anel fe*lle>wsldps may be e nele)wiel by 
partiendar firms for carrying on invest igatiem per 
taining tei the*ir sju'eial tie'lels e»f enejuiry, uneler the* 
guidune'e of workers eif repute in the unive rsities eir 
oilier edueational inslitutiems. 'This praeliee* is 


largely reseirteel te) in Ame riea anel the re are imw' 
eiepartments in variems institutes for bringing abeuil 
such e'ontaets between university workers ami inebjs 
trial e’oneerns. \’ery little attention has so far lu'e'ii 
paid in this direetion in Ineiia luit it is ne\er teui late* 
to iiK iiei. 

Ihe Future and Pros|)ecls 

If the' 1 ‘apilal anel other things are fe>rl lu'oming, 
there seems te) be- lie) eliflieilltx le) ele-xe lop the* drug ill- 
eliistry on seiimel line s whieh e-an e-oinpare* ve-rv 
fa\e)nrahly with any e)f the* big «)rgani/atie)ns in the* 
Western e'ountries. The re* is no dearth of epialiHe'd 
eluinisls. ptiarmae*ole)gists, and eliemieal engineers in 
this eeeemtry whe) e*an uneh rtake the- responsibility of 
huileling up such an eergani/at ion. proe ieii el the y go 
through a pe rie)el e)f probation unele r the* giiielaiiee* of 
e'xpe rt le e-hnie ians. A fe-w linns are no eloiibl eloing 
e-re'iiitahle- we)rk. hut I he* fie ld is e-nornioiis anel many 
such (inns can e'xisi anel preespe r. The' pre se ni lime* 
is the; metsi e)ppe)rlune- for the- initiation of l)igge*r and 
he-ile'r ilnig inanufae'i iiring ineliislries as Ihe* (ieeie-rn 
meiit e>f Ineiia have* ree*e'nlly lakeii elelinite' steps lo- 
warels the* slamlardi/ation of elrugs in Ineiia. and 
int(*nel to tighte'U up tin* e‘onlrol n\cr Ihe* manufa<*lure* 
e)f spurious and le)w-graeh‘ elrugs. By ehe'e*king un- 
fair e’eiinpe tition from small ill e‘r|ui|)pt*el firms whieh 
have gre)wn up re'centlN like* mushreioin in all fiarts 
e)f Ineiia and who elo ne)t ste)p at proelueing drug.s 
e>f e'heap anil interior (juality, it will sliinnlate* all 
e*thie'al eiriig manufae turing firms anel thus the drug 
imlustry ge ne rally. If the* elrug inelustry is de*ve‘le)p- 
eel e)n sounel anel e tliieal lines, manned by e xperts wdio 
know their job we ll ami whe> are honest ami Ireist 
weirthy, there se*e'nis e*\e r\ re asein to hope* that it will 
me*e*t with gre*;it sue*e*e.ss. 'The ne*w inebist rie s will he lp 
ee’eme'.mic pre>gre*ss l)y utilizing the* raw mate*rials 
prodnee-d in the- e*e)uiitry, anel will bring me'dieinal 
drugs within the* reach eif the* masses in India whose* 
ee'onomie* <*omiitions are* very low. It will not e)idy 
bring large- pre)fils to those- whe) put e-a|)ilal iiitei it but 
will thre>w’ o)n-n ave-nue-s e)f e-mployme-nt le) a ve ry large- 
numbe*r e)f e*eiueale*d Imlian youths. 'The- e-einilition in 
this e-enintry is se) bail that e)ur yemngme-n e-oming 
out e)f sehe>ols ami eolle-ge s eannot find any e*are-e'r 
in life*, and the* young ene rgie s are- be ing elissi])ated. 
M’e neeei more induslrie s at this time to w iele-n the- base* 
e)f our e*e*e>ne)mie* eeenelitioii, te) inere*ase- the- resoure*e*s, 
and to raise the staiuiard e)f living.* 

Hast'd on :i lecture* at tin* kol in l.'ln)». Cale-uita. 
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Research Notes 


Hie Return of Radio Waves from the Middle 
Atmosphere 

Kecrtil ul>siT\ al i(»ns have iinw <‘s1aMislH‘<| 
l»(‘,,vninl iloiilil llif oxisInuM* nf siis1aiMe<I siratifh'd 
inn iniK'li hrlnw tin* Kcimrll v-lh‘avisi<lr 
!•' lavn*. 'rih‘ lopninsl of llirsr Iavci*s I'alltMl the* 
D-layrr- is .sifiia(r(l al an avcta,i*<* e(|iiivalenf 
iM'i.trlil of nf) luM. In 1JI‘J7 ApplePni remarkefl : 
‘‘ annlhn* reyiun nl' iniiizatinn (D-layer) is InninMl 
Im'Imvv tin* Konni'lly-I lra\ isi«l<* layer, wliieh while 
faiisiny allemialinii nl' the waves, Hoes not 
malerially al'I^M*! I lie In-iy lil at whieh they are 
(leviateH, < teeasionally “ relh‘<‘te<l ” waves are 

tlet(-e1e‘l I'rom this layer It is sii*»{i:esl(Ml 

that layei’ I) is the same as tin* o/nne diseovered 
by liindeniann and Dobson.” Apjdeinn & Karnett 
(Proc. Roy. Soc. A, lid) t‘olb»wed tlie wavelenjrth- 
ehaii^re tiadinicpie amt sometinu's tlie eipiivalent 
heijilit eorresjxnided to a smaller numbm* of int<'r- 
fereiiee t*rinm*s ami was e<iiial to bO km. In llldd 
Alifra & Shyain ‘.jaxe evi<lemM' id’ eehoes from an 
i‘<jnivab*nt hei«hl of about oo km. (Nature, 7 33, 
IDdd ami Ind. Jour. Physics, 10, Id, l!)d(i). Hesides 
these echoes whieh are (d' infrequent oeeurrenee 
thi'V adduced amdlier cvideiiee in support of the 
evistenee in the day lime id* an ionos])herie rejrion 
al this Indjihl. They found that durin** the day 
th«*re is a freqmwiey band whiidi is ndleided from 
th(‘ Ivi'ejiion. The upper limit id’ the frecpieney 
band is due to penetration of the Ivlayer and 1h«* 
lower limit is due to the absorption by the I) laym*. 
The D-laym* is now rej*arde<l as the turn deviatnm 
ab.sorbin^i- * tail ’ of the Ivreyion, (vide. Farmer & 
Katelilfe, Proc. Roy. Soc. .\. lot, lildb). Simses 
lions of the return of very low frequency waves 
fi'om a b‘vel of about To km. were obtained by 
Hollinji worth in n)2b. It was Mitra & Hhar 
tSdence ^ Cultiuc, Vol. 1. dune litdti) who for the 
tirst time observed in Faleutta i‘chm's from heijrhts 
much below .”>.*> km. This new re^rion whieh is 
quite distinct from the |)'re«»:ion has betm called 
“ (’ ” l eiuioii by Mlti*a. This rejrion was later 

SCIENCE 4 
0 V L T U B E 


corrobornted by Folwell & Friend at Alorjiautown 
tr.S.A.) (Nature, 137, 7S2, IJIdti) and by Watson 
Wall. Daifdirid''<‘ Ibdl, Wilkins and l>owen at 
Orfordiu'ss (Knttland) {Nature, 137, Stiti. lUHb). 
(1. tioubaii of Miiniidi also obtained <‘videni*e of the 
return of railio waves from the (’ rej*ion. Kakshit 
& Ithar (Nature, 138, 2S.‘k IJIdb) have published 
results showin.'i' the structure of the (’-i*e^ion (F, 
at a heijiiht of r>r) km., (V.. at 20 ))0 km. and F... at a 
ln‘ijrht bss than lo km.). 

Watson Walt, Wilkins and lioweii (Proc. Roy. 
Soc. A. Itil, HKJT, \). ISl) have obtained evidence of 
strata pen'sistin^ without substantial ehaime of 
level for several days at such lieijrhts as S.o, 

10. d, 10. To and llbo km with retleetion coeilfieients 
of the or^ler of 0.7, j^iviim’ measurable echoes up 
to the loth order beyond whieh the eehoes caiinol 
be <lis1in«iiished. This n‘}iion has been quasi 
humorously called by them th(‘ Z re‘»lon. It is now 
establislied that these lower layers are not of 
ephemeral and fimitivi* eoncenti'ations althmmli 
for months too'ether such layers may not exist. 

Tlie only theory put forwarvl to explain the fm 
Illation td' the F region ionization is by lioweii {vide 
Appendix of paper by Walt, Wilkins & Itoweii. 
Proc. Roy. Soc. A. 101, 19d7) who associates it with 
thunderstorms. Followinjjr Wilson it is stated that 
the electrons produced in the intmise tields of 
thumb*!’ clouds are aeceb*rati‘d upwards ami then 
bent back tow.-irds the t^round by the action of 
lilt! earth's majrnefij’ field. I»owen has constrm't 
ed tra.jcctoi’ies of electrons of dilfereiit eiierviies 
projected upwards from a storm. It is found that 
particles of initial energy less than 2X10'' V fail 
to reach the ‘rrouml and are ab.sorbed in a re^iion 
between the ground and a heif'ht of 20 km., at 
distances u]> to 150 km. from the storm ceiitic. 
This rcsiiun in which trajectories emi is mie of 
intense ionization and is tlie sujfjirested cause ol 
F-reojon ionization. 

5. R. Khastgii 

392 



RESEARCH NOTES 

Magnetic Moment of the Proton 

T1h‘ mnj'iirtic moiiuMit of tlu‘ pi-oloii, tlu* 

iiucUmis of hyilrojion, has Ion*; cxen'iscfl th(‘ oiiiid 

of ])h.ysi(*ists. If wt* suppose lluit llie mn^nielisni 

in ])rotons arises from llie same eaiise (rolatimi 

rouml an axis fixed in ilself) as in the ease 

eleeti'ons, the ma^aietie immumi of the proton 

oiiuht to he mmL tinu's less than that of the eleet 
l«4f, 

roll. IS+o l)ein.u the ratio of tlie mass of the proton 
lo that of the ele<'li-oii. Soim* years a^d, Sl('rn in 
({ermany shewed exi)erimenla!ly that tlie moment 
was 2\ times larger. 'Pile result is a ehalleime to 
aeeepled orijiins of maiiiielism, and was in iiee(| 
of verifieation. Stern enuld imt v^iv<‘ tin* finishinir 
imieli (o th(‘ experiment, as he ^^as hundled out id* 
({I'rmany. In America, he was enabled to la'peal 
the experimmit. 

In a paper recently puhlished in the rimUal 
Revieiw he ayain confirms his old result. Tin* 
iiia^netie moment is found to he I2.4<i limes hiuher 
than the theoretical value. 'Phis result is of fiiml.i 
mental importaiu'e and nei'e.ssit ies a reorientation 
(d* our views reyardin;; the ori|jin id* magnetic 
iiiomeiil in nuch*ar particle. 

( irculation of Phosphorus in Body 

The atoms id* each element taken up \Nith the 
food or hy tin* respiration proci-ss have an average 
tiiin* whii'h they spend in the body. It had been 
found by lh*vesy and llofer, by usinu ln*avy 
Mydrojueii as indicator, tliat the average lime that 
a m<d(‘cule of water spends within the human 
hod\ is about a fortni'ihl. Hahn, llcve.sy ami 
laimls«iaard [Biochem J., 3/, 170"). IMdT' di-smiln* 
experiments by which they have determined the 
av(‘ra^-e time that phosphorus spemls in the 


animal body. Ka(lio-active 

from sulphur by neutron biinibaTrfm+mt w^*Tnl- 
ministered lo a rabbit by subcutaneous injection in 
the form (d* .\a l*hosphat<‘. Faeces and urine 
excreted for 27 days W(‘re ('ollect(‘d and llu'ir 
phosphorus content estimated. After 27 days 
the animal was killed and the ]>hos))horus content 
of the different organs (‘slimati'd. Tin* normal 
phosphorus was estimatt'd by the colorimetric 
triation im-tho 1 t)f Fiske and Subbarow whib* the 
radioactive I* content was eslimati*d liy flu* (b'iy-er 
t’ounler. From the results of their experiment 
it is foumi that the average linn* a I* atom spends 
in the body is .‘>(1 days. Within 27 days t.*) „ td* 
the I* t»i\en was (‘Xereted throuuh the kidneys and 
11.0 throui.!li the bowels. 'Pin* comparatively 
loim- aver.me time id* :i fortni}>ht spent by a water 
mo|<'cule in the body was explaini'd by the fact 
that tlio water taken is ililiited by the lariic amount 
of water prest'id in tin* body. In casi* of phos- 
phorus al.M), tin* hum averayt* iilV of the atoms 
taken with food is din* to dilution of the F atoms 
taken by l!u>se pres<‘nl in the oi’L'aiiism. 

//. /V. B. 

Blood Groups of Veddahs 

W. f. < t. Hill of the .\nalomy Departiin'iit <d' 
the Colombo Medii-al (*«dlcu(‘ has published in 
iVa/ia'c, S4 ))1eml)er 2o. I'.ldi ( p. .»4S, \ol. HI) an 
article on “l>loo«l (Iroiips of X’eddalis”. The 
blood samples of the \ eddalis were indepi'lldi'nt 
ly examined by him and by the stall ol 
the Fathido.uy Department, (leiieral Hospital. 
Colomlio. 'Phe r»*s\dts weia- identical in all <*ases. 
He exjimiiieil only o samples of blood. All W(*r<* 
males ami three samples from Itinteniie, one from 
Dalbane and the other from lUdima lunlena locality. 
On lestinu' the sera In* found thal tiO' belon.us to 
!*ronp < t and Id ' to !*>. 
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University and Academy News 


Royal Asicilk Society of Benya! 

An niM!'m;iry .M«uitl)ly 'rju* nf the Hny.-jl 
Asiriln* S;)«*irl \ ot’ \v:is Ih I.I on Mivndny. tin* 

filli I >»'e( itih(n‘, IMoT, at a ;^0 p.in. 

'rix' raixl’nlMlrs lia\r cl.-u-ftMl 

i hNlijKH-y f lie iinaiHis, 

liiile 7; (!' .? \ nl ii-iiiay:i (Jhn.sli, i ii.l). 

(I'Miii.j, P’.A I.. I *i-'jrc‘ssnr (M' Al.i 1 lu’iiial ic . f ■*. m- 
fleiicy ('nllc'jc. raleiiHa: f Xara^aii < l‘ai!'h-a 
l-ihaltaelia !■>,> a, Al.Sc.. 'iiaijaiian. l>i* i!.M;ai* 

Munit'ipalil y, l\(). liinia'jai*. Dl. Nadia; (d) ICr<l 
taaiifi (/niml l*<n|eu ils hiiiaiiz, ( ‘oiistil-^ daxTal foi* 
(Jcriiiany, (’aleiilla; (4) II ula.seliajnl Jain Saraw-^i, 
SImIIoiiiv; I a) AImIuI llaliin, M.A., Le<*lni*er in 
liislory, iMiislini Tniversily, Alinavli. 

The fnllnwin.ii- ean<liate was hailuled I'or as an 
Ordinary Mendna*: IJaiaaiianda ( ’howdhnry, 
DImhri, Assam. 

'llie Tolhjwinj;’ paper was read: 

(1) Oliani Oliandra DasdJnpla. I *il)lio<^raph.y 
(d* riiieient Indian tei'raeotta h’iunrines. 

The preseni paper is I In* first attempt tn ^ive a 
eoini)le1e l)il)rn); 4 i"ipiiy nl‘ ancient Indian terracotta 
/iynrincs. In tin* hlhlioiirapliical scctitni ITo 
articl<‘s, alphahetically arrannafl ac<-()rdin.i»- to the 
authors’ names, have liecn liriidly snmmari/ed with 
nd'erence to find-spot, a^e, description and other 
important details. Tliret* indexes (h'alin.i*' with 
antlior, find spot, snl),j(*c1 and ‘^I'ourapliy hav<* been 
added. 

'riu' followin.ir <'\lnhit was shown and comment- 
(mI upon : • 

Ohintaharan ( ’haUiax a iti. Manuscripts of a 
Tantra Work jiivinu- inlcr alia tin’ t'amily History 
of tlie royal I’atron of tin* Author. 

The rolltiwiim communications were ma<lc: 

M i lj. S. I )nuin.- -I*ossil»i] It ies jif the Persian 
(,)na train. 

S C I K N C K & 

C It 1. T IT K K 


A consideration oW the variations in the metre, 
mat hemal ically ti-ea1c(l. with literary illustrations. 

(lO John van .Maium.- The study oT llcraclilus. 

The stmly is of the y rebates! interest mainly 
r»*uiii two |.M)ints (»r \ i;'\v. I‘’irstiy, that of the in- 
iriii>i(' \ahie u!' I In- sa;. inas. Secondly, that oTihe 
illiii-iinai in?,*' le.>,son .if’lin-ded hy philoloey urappi 
in;.i with an ohs^-ina' proolmn. 

Nalioiiai Aradeiny of Se.ienees, India 

.\ meet iii'j:’ of 1 he \ali')ii:il A.c'idemy oT Sdt .ices 
India, wa-i liehl tui the ISlh Deceodjcr, HUT, in 1h.‘ 
Muir Oollc'je I >(iildin‘is, .Mlahahad. Prof, li 
Salmi, President (d'the .Via-nluny. was in tin- 

eliair 

d’lie t‘t)l(owin'» nienihei's of the A<*adi‘niy w«-i-e 
duly eh-cted as b'cllows of tht‘ Academy: 

(It Dr K. Toshniwal, D.Sc., Allahabad Pni- 
ViTsily; {2) Dr P. K. Sen tJiipta, D.Sc., b’a.jaraiu 
Oollce.e. Kolhapur. (Pombay); (J) Dr Ka.jnatli. 
Ph.D., Penares Hindu Pnixursily; ami (4) Dr A. 
P>. Misra, D.Sc., D.Phil. (Oxon), Pena res IliiTdii 
Pniversity. 

The rolloxvin**' papers W(‘re reail and dis 

cu.ss(‘d : 

(It lofii/ation in the h’ layer* bclor*(‘ snnri'^e 
by K. lb Mathur, Al]ahaba«l Pniver'sity. Allahabad 

I'Ji Action of Paia-lolnene-sulphimy eh!oi*l<le 
on Phcm)ls containing- azo |.•|■ounds by A. IV Sen, 
Ian l\no\x' riii versity. 

l’im-( A'rio.N M I .\ I ST Kit’s (loi.i) .Mko.m.. 

The National .-Veademy of Sciences, Imlia, 
iii’nlernl to the Hon’bh* Mr. Pcai*ey Pal Sliarma. 
M.A., IjP.P... .Minister of Ivlucation. Pnited Pro- 
vinces. lor the very keen interest he has evineeil 
in tlH‘ alVairs oT the .\cadeniy by kimlly ai^rceiini 
to continue tlie aufirtl of tin* Kdncjition Ministers 
(h»hl Mi'tlal for the best reseai't'h paper published 
in the Proceedings of the National Academy "! 
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UNIVERSITY AND ACADEMY NEWS 

Sciences. 'riu* subjoct iti vv1i'm*]i IIk* miciI.m! 

will bi* jiwanl(Ml Ibis yo;ir is Mntbrninl i<*s iriduil- 

inji’ Astninomy. 

Indian Chemical Society 

An onliiiJiry iii(‘etinu' of Ibe Indian (’bcniical 
Soeiely was b(*l(l on Friday, I be l!)lb of Xoveniber, 
a1 Ibe (Mn’inislry ia'clnre Tlu-alre. rniv(‘rsily 
Foilejio of Science, Calcutta, with Dr I*. F. Miller 
in tbe chair. 

The following' condob^nee rest)ln1ions w(‘re 
passed : — 

“ 'riiat the Indian Fbeinical Soei(>ty jdac'es on 
record its sense of sorrow and b»ss at tin* pi*eiua 
liiredealJi (d‘ Mr. Kali Kumar Kumar, a foundatimi 
l-'i'llou' (»f tlie Soeii'ly aiid offers il.', deep eofjdo 
It'iice to tbe bei'i'aved famil\.” 

“That Hie f’ellows <d‘ Hie liidi<in Fluuiieal 
Soci(‘ty pbu'c on |•e<M^rd tlxur .sense of sorrow aiid 
loss at the dealb of l/erd KuHuu'lord of Xelsou and 
«)rrei* tlu'ir deep eou«joleio*e lo Hie bereaxMj 
family.” 

The followinu' lemeii were admitted as 

F(‘lbuvs of Hi<‘ S(i(M< ly, Hieii* siibsei ipj iojis li.r. in-_* 
been reeeive<l foi* the tirsi lime. 

(I) Sailesb (’liamli-a Sen, M Sc.. ( Fusa i : (iD 
Sardar Dojibar Siii;.’b, ( Tra vamau'e » : DD Dr A. .\ 


tJbei, M.D.. IbS., D.T.M., D.IMI., MiW. & S.. 
(liabore); (41 M. Raman Xayai*. M.A., A. 1.1. Sc.. 
(liUcknnw): (o) X. X. Framaiiik, M.Sc., Pb.D., 

I Sbabjabanpiir ) ; (li) X. K. Drabmacbari, H.Sc., 

' Fab'utta ). 

The followiire •^eutlemen were elected as 
ImIIows, Dr, S. (Miaudbury and .Mr. II. X. 
DasHupla actiniu as serulabus. 

• h K. R. .Xatarajan, M. S<*., (.Madiais) ; 
(‘Jt (’. .\. Rt»lbenbeim, (llombay) ; (o) S. S. 
Fb iwlairi, IJ.Se., (Dombay'. 

Tbe Fbairman annoimeed the followinu- nonii- 
nalions of (be oflice-bt‘arers made by tbe Founeil 
foreb'ctiou at tbe ne,\l .\unnal (leiiei-al M«'eHn<i- 

1 /cc-/Vc6if/L‘n/s: —Dr l>. !>. Di‘,y and Dr rl. N. 
Milk her j(M‘. 

!Ju}.)}. Sccu’/(//y: -Dr 1». <!uba. 

//any. i jcasiac/ ;— Dr F. Ximi^i. 

The (‘bairmau annouuee>l (bat the (buuK'il has 
pi o\'isiou.dl \ fixed Hie ."ub of rjaiiuary, Ib.'jS as the 
d.ilo foi* lioldin;: ibe iie-.t \miual tiem ral .Mei-tinu‘ 
<.f ibe Society in Fal<*uii:i at •» p.m. in Hie (Mie- 
i iisi ry Sei-lion mei-liiij I’liom of Ibe Indian Science 
t \ » lu res.s. 

Dr S .\ (I'aiieufy deli\ei-ed a b-elure eulitbd 
* ■ liieeiiemieid studies lOi snakt veiioms” 

Ml* i*. Iviiy, In- F>. .\. tibosb, Mr. S. S. De, Di* F». 
F. tbilia .’iiid olhi'.-s joiiuMl tin* discussion. 


The Electric Gage 


A very useful explanation, for informal ivt‘ as 
well as practical purposes, is Hial of Ibc electric 
^!i;;c by F .M. Hathaway and K. S. Mechanical 

/-nj^iricci ing, Vol. bt), Xo. tb 'rbc paper is lo be pre* 
J<cntcd at a meeting of the American Society of 
Mechanical Knyincers. An electric i4a;4c j-s a 
device for im‘asnrin}^ linear dimensions or dis 
l>lae(*menl by elect rieity and partieiilarly for 
aceiirately niea.siirinti either small dimensions or 
^‘mdl variations in larj-er diniensioiis, Dis))laee- 
'“riils as small as O.OOOOi in. or even O.OOOOOl in. 
eaii be I'ead on an ebu'trie iinbeatinti' instruiiienl. 


Meebanieal amplilieal ion ratio can be made as liijil 
as 10,000 or 100,000 or even bi^ilier if desind. It 
is fundamentally a ileviee by wbieli an eb‘elric 
eiirreiit is eontrolle<| or modulatt'd aeeordini;' to 
tbe relaliNe position of two of its pai’ts. This re- 
lalionsbip belwi'en eiirrent and ilisplaeement ean 
be broimbt about ill several ways. N'ariations in 
resistaiiee, eapaeitance. iudiietauee, or wave form 
(‘an be produet'd by variations in linear dimensions 
and these ean be uu'asniMMl by variations in an 
(‘leetrii* eiirrenl. 

— Join : Franl(. ImL 
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Letters to the Editor 


A study of tlio Specific Nature of Froiiuiter Effect upon 
a Nickel C'atalyHt uslii^ as llenctantM, Water Vapour 
and ef|ual voliimeH of ('arhfiii .Mon<»xlde and Hydrof^^eit 

(a) Apart from methane formation suKar-earbon- 
nickel catalyst containinK thoria and eeria or alumina 
accelerates reactions 

(• + ||,,() CO I- II, 

C ' •.>ll.,() CO,, I Jll, 

but with potassium carbonate the reaction 
lM H) (' I CO.. 

is promoted, showinjL? the specific nature of these prt»:iu»lers. 

(b) A nickel catalyst containing a mixture of 99 ‘a 
thoria and 1% ceria as promoter yields a hi^^hly steady 
and efficient surface for react iotis. 

CO i 11,0 CO,, I II,,, 

2CO I I’ll,. ^ <’ll, I CO., 

and most probably for the reaction 

Co I ;ui., ^ cii, + 11,0 iiswcii 

(c) The reduction of nickel catalyst at a temperature 
of .’iOO'^C, is incomplete when prepared from a very pure 
sample of nickel acetate. Adtlition of small quantity of a 
mixture of cerium nitrate and ammonium vanadate or of 
cerium nitrate and chromium acetate to the nickel acetate 
helps in bringing about a more thorough re<Jnction. 

Thus <ratalysis of the reaction 

•.'CO f.’ll., re CO, ! CII, 

is indirectly helped by them. Whether there is any direct 
beneficial effect cannot be said at this stage. 

td) The reduction of nickel catalyst at JiOtK) C prepared 
from Merck’s nickel nitrate is more thorough when mixed 
w'ith thorium and cerium nitrates tthoria 99^'f and ceria l‘/» >. 
Thus in this case thoria and ceria mixture also helps the 
catalysis of reactions 

LMH) '2\\j ^ i'Oj 1 (11 , :iml 

CO < 11,0 (1), II-' 

indirectly by making the reduction of nickel nua'e complete. 

In thi.s case it has also been seen that they together 
(i) increase the number of properly oriented nickel 
particles of medium activity fii) decrease the number 
of very active particles tiii) stop granule formation on the 
pumice surface and clogging of the pores in pumice, 
(iv) atop peeling off of nickel particles from the pumice 
surface and (v) prevent sintering. 

tel Nickel catalysts with or without promoters while 
simultaneously catalysing reactions. 


:>('() 

1 >I|.. 

^ (1)., 

i <11, Midi 

CO H 

11,0 

^ CO, 1 

11, 

at 4(K> -4rjt) C were touiid 

to adsorb a 

considerable quantity 


of carbon dioxide. 

Clietnk'nl Laboratory. K. M. (.’hakrnvariy. 

rniversity of Dacca. 

1 . 5 . 11 .. ‘ 17 . 


Eiirthor OI»her\ ntloiis on the I'rolmhie Kole of ('aroteii 4 > 
in .MetabollHin of Fats 

In a previous not<‘' it has been n*portcd th.at the Reichert 
values, iodine numbers, carotene and vitamin-A contents ol 
butter fata undergo a s€*aMonal variation moat markedly <inr 
ing the autumn and the winter. Thus, otit of 11 samples ol 
butter fats analysed during the autumn of ]9;>6 (August li> 
0<*tober». 3.5 samples gave Reichert values below the .stan- 
dard of 21: and the remaining S samples gave values jjbove 
24 but below the figure of 27. In the ease of butter I’af.s, 
giving the higher Reichert values, it has been found fioin 
enquiries made that the cows responsible for these bntti-r 
fats mainly lived upon the green leaves of water-hyaeintli 
Samples collected during the months of Noveinlier, 
December, January and February (.53 in number) gfi\i* 
markedly different results. Thus out of the 53 sa nple^, 
only 4 gave a Reichert value below the standard of 24 whil.st 
the rest (49 in number) varied from 24 to 29.2 The Ioditi<- 
numbers also are comparatively higher during the winti'r 
than in autumn. Marked variations have also been observed 
in the carotene and vitamin- A contents of the butler lat.s 
during the two seasons. Thus during the autumn, both thf 
carotene and vitamin-A contents of the butter fats hp' 
decidedly low. The carotene contents vary from i) t<i Ti.ii 
Y.U. and vitamin-A from 1.2 to 5.6 B.U. per gramme of the 
butter fat whilst during the winter, the carotene value.s v}n> 
from ’.4 to 8.8 Y.TT. and vitamin-A from 4.4 to 12.2 In 

fact the Reichert and Iodine values din'ing the nut unin .'ind 
winter seasons form two different series, the Reicheii and 
Iodine figures for the winter being both higher than the 
figures for the autumn. 

In many cases, the Reichert value varies inversely as 
the Iodine number but this is not always true. From a 
careful study of the data, it will be seen that this is only 
true when the carotene content is high and vitamin 
content is low or when the carotene content is low but the 
vitamin-A content is high; but when both the <an)tcrn‘ 
and the Vitamin :A contents are both high figui’e.s. 
(as during the winter) the Reichert and Iodine values are 
also comparatively high figures. These results show that 
there 'might be some relationship between the carotene and 
the Reichert value on the one hand and Vitamin: A amt 
Iodine number on the othei. It therefore occurred to the 
author that the lipochrome pigment carotene might play 
some part in the oxidation and desaturation of the fatty 
acids. The suspicion was found to be true by actual feed- 
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in*? oxpiTirnents on two healthy eow.s of th»^ native stork 
with rations containinK different amounts of carotene. 

Thus as one of the cows (aped 1 years (i months, body 
woipht about SOO lbs. perhid of lactation about .‘t miiritbsi 
was piven a ration conlaininp less amount of prass and 
hipher amount of straw, carotene contents of the 
butter fata pradually diininisbed and with it, also the Ko- 
ichert valties. The vitaniin-A content, however, practi- 
cally remained the same. But as the cow was apain pi veil 
larper and larper amounts of prass in comparison with 
straw-chops, the carottme content of the butter fat.s m 
creased to 5.1 Y.IJ. per pramme in the 7th week. The 
Koichert value also increase*! to 20. S from a v.ibie cd 21 .s. 
in the tth and f>th weeks. 

With cow No. 2 (approximately of the .same ape. body 
w'eipht and period of lactation as cow No.l» revers*' has 
occurred. With the. pradual increase in the amounts of 
prass from the 2nd week the Carotene and V^itanun-A 
contents *»f the biittnr-fata both increased In the r»th week, 
the carotene has increased from .T.G Y.C. in the 1st week-^ 
to 7.5 Y.U. in the Gth week. The Heichert value has also 
increased fro-.n 20.0 in tlu* Jsl week to 29.1 in the fdh 
week. With diminishing amount of prass m the total 
roughape from the 6th week, the Carot(‘ne content pradual- 
ly lowered down and with it also the R(*i<'hert value (from 
29.1 to 26.6 in the Sth week*. It will be noticed (hat the 
Iodine valiu* almost ran parallel with the Rei<*hert values 
which justified the hypothesis suppested in this paper, vi/.., 
when both the Carotene and Vitamin-A oont(‘nts are hiph. 
the Keichert and Iodine values are also hipher tipures. 

The experiments with red palm oil, pave similar results. 
Thus in tlie depletion period, when the cow was <»nly on 
straw and concentrates, the butter-fats pave the followinp 
values:- -R. M. value- 26.H: lodiiu' value .Til.O; Carotene 
content 3.8 Y.U. per gramme; and Vitamin-A content 7 0 
B.ll, per gra.nme. When the <?ow was piv<*n t (uinces (d 
red palm oil daily (Malayan variety containinp oO S mp. 
of Carotene per 100 pm. of the oil), the Keiehert value in- 
creased from 26.8 to 2S.2, tlie Iodine number ala** increas**d 
from 33.0 to 36.6, the Carotene from S Y.U. to 6.v Y.U. and 
the Vitamin-A increased from 7.6 B.U. to lO.I H.C. At the 
end of the 2rid week as the *‘<iw was pivim 8 ounc<*s *if reii 
palm oil daily, the Rtdchert value exhibil<*d a further in 
cn-ast! viz., from 28.2 to 29.1 and the Ridine value fr*)in 
36.6 t*» 37.1, Car*)tene fr*»m 6.8 to 10.1 and the Vitamin- A 
content from 10.4 to 14.8. On return to the normal basal 
*iiet at th*^ end of the 3rd week, all the values pradually 
returned to th*? normal, m*)st markedly the Car*itene and 
Vitainin-A cimlents. The Iodine value rather sliphtly in 
cn*ased whilst the Reichert value dimini.slie*l from 29. t c.c. 
in the tth week t*> 28.1 c.c. in the .'5th week. 

The above results are hiphly supgestive and demonstrate 
that the Iipoohrom<> pigment Car*»tene might play s*>.ne part 
in the oxidation and d*»satiirarion of the fatty acids. There 
is no fix*^d time for calving in Vikrampur. The cows are 
generally calved in such a way that the milk output of 
each tlairy does not vary enormously from thi* normal 
output. The effect of th*? period of lactation on the Rei- 
chert value might thereby be considerably minimized. The 
Reichert values obtaine*! therefore sh*)W the effect of the 
climate and the Carotene content of the ration. But the 
comparatively high Reichert and Iodine values obtained 
during the winter are coincident with the high Carotene 
content of the grass during winter in spite of the fact that 
the eold temperature of the winter had an adverse **ffect 
on the Reichert valuers of the butter-fafs. Th*? results 
obtained by the author clearly demonstrate the effect *>1 
Carotene as against both the adverse influences of the period 
of lactation and the low temperature of the winter. The cow 
whi*(h was much advanced in its peri*)d of lactation during 
November should give butter-fat.s of much low Reichert 


values but contrary to expectation, compnr.itivtdy higher 
Reiclu'rt and Iodine values have been obtained. This can 
only be t'xplained by the probabb' role of Uarotene in the 
oxidation and desaturafion of fh** fatty acids. Actual fee»l- 
ing experimerils on c«»ws substani iat** the tlusjry proposed. 

It must be admillcd however that the actual mechanism 
of th«' oxidation ami desat nral ion proc**sse.s carried out by 
the pipment an* not cle.arly nnder.stoiKl. It nip.bt be that 
the Carolem* acts as a cari’icr i)f oxym*ii in thi* pro**i*.sses 
Ilf oxidation of tlu* fatty acids or the oxidation of the 
fatly aciiLs in Vivti by t’amteru* may he a case of induce*! 
oxidation. In tin* process of df'sat iirat ion. (\init**n** inipbt 
play the r(»le of a bydropen ai’cepior. In fact we know 
that (‘arolene <‘an form both oxypenaled and byiirogenuliMl 
pnxliicts. Mulcr and bis school i-onsider that Vitarnin-A 
•du ‘tl fr id tlu pi 

oxypenaled jiroducts of Uanitene in blood is n*»t unlikely. 
Unfortunately, fully hydropenate*! Carotene piv**s the .same 
absorption band at 2.28 on like Vitainin-A .so that it is verv 
difficult to distinpuisb Vil;imin-.\ from fiilJy hydropenated 
t.'aroteiu* by the Spectro.scopic ini*1lioil. Now as Carotene 
a* t.s a.s a hvdropcn acceptor, the fatly acids will be rendered 
more and more unsaturated. and therefon* the Iodine num- 
ber also increases. Whether the process is a rt‘v*‘rsible one. 
is -lot known. But t^art)ti*ne has .another function to perform 
viz., helpinp in the oxidation of fatty acids present in blood. 
'Pherefore the pn*at»‘r tlu* Can*tene **ontent of tht* bl*»o*l, 
lb<* preater will >*e tlu* R*‘ii’h»*rt values of the 
butt«*r-fats. But there is a limit inp value to th** Carotene 
and Vitamin-A contents of blood in spite of heavy ingestion 
of Carotene-rich foodst uff.s. The Ridchert and Iodine 
valiu*s *)f butt*‘r-fats have* al.so their limitim; valiu's witiiin 
which the> tend to varv. 

The result.s ohtaimai demonHtr.Mt(‘ that apart from tin* 
infliuMicing faetors like the p(*rio*I of lactation, t< npm’atiire 
differences or administr.’itioii of oil cak»‘s. Ilu' lipoc’hrome 
pipment Carotene mipht play snnu* part in lh»* nuidification 
of lh<* Reichert and hxline values of butter-fats and there- 
fore in the melahohsin of fats. This is clearly d(‘iiU)Matrate*1 
by the marked increase in the Kididun’t and Uxiine values 
cf the butter-fats in the **xperimental cows in spite of the 
lateness in tlu' period of lactation of ihe cow. It must be 
admittiui how’(*ver that the th(**»ry suppesti'd in this pap**r 
is as yet premature and has to lx* judped in the lipht of 
more experimental evidences. Rut the r**sult.s r***‘orded in 
thi.s paper are hiphl.v .supp^estiv** and mipht throw I'onsider- 
able light on the metabolis.n of fats in Ihe living organi'/m. 

My thanks are due to Principal T. C. Boyd, M.R.C^P., 
K.R.C.S., F.I.C.. Profe.ssor li. K. C. Wilson, M B , 

Ch. B.. D.Sc., Rai Bahailur Ur, K. N. Bagchi, M,B., 
D.T.M., F. I.C., and Dr. B, Ahmad, Ph. D. for th*dr kinil 
**n<*ourapi*ment, helpful sugp**stionK and criticisms. 

D**partmcnt of Chcmi.stry. 

Medical College*. n, m. Dasgupta. 

Calcutta. 

19-11-37. 

I Si M-N* I*. N: Cci.Ti Ri;. .f, ’ll, I (U. 


The Fermentative Production of Citric nnil Oxalic Acids 
from ** (iiir ” und .Molasses 

The problem of the utilization *)f cane mola.MseH by 
fermentation ha.s re**eived soiii** attention in different 
laboratories in India. But. the subjiut does not appear to 
have been studied on a systematic scale. We have for 
.some time b*n*n investigating the products that are obtain- 
able from country " gur ” and molasses by the action of 
different micro-organisms including Saccharuniyceit Vere-^ 
viaiae, S. t‘llip»oiclfns, Aapfrijillua nit/er^ Citromyces 
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glabei' and a sperieH of Mkcot. In this communiculion wo 
are ^ivinR eomo results obtained with Munor under varied 
conditions. 

A *‘Rur” solution foiilainiiiR .T per cent su^ar ^calculated in 
terms of reducing suRari was used. As sources of nitroReii 
1% ammonium sulphate, peptone, casein. Rolatin and urea 
were used in different experiments. The pH was varied 
between 3 and 7.2 and the temperature of incubation was 28 
(room temperature). The foIlowinR results were obtained; 

1. After seven days' incubation with atnmonium 
sulphate as the source of nitroRen the maximum 
yield of citric, acid (.33'X of the suRar) was obtained 
at pH 4 and no oxalic acid was formed. 

2. After seven days’ incubation with peptone the maxi* 
mum yield of citric acid (29'/f of the suRar) w'as 
obtained at pH 4 and that of oxalic acid (28.1Vr of 
the suRar) was obtained at pH 5.6. 

3. After 14 days' incubation with ammonium sulphate 
the maximum yield of citric acid (22. 13';^ of the 
suRar used) was obtained at pH 4 and no oxalic 
acid was for.-ned. 

4. With peptone, after 11 days’ incubation, no citric 
acid was formed but a ma.ximum yield of oxalic acid 
(l6.75'/r of the suRar) used was obtained at pH 5. 

5. With (tasein or urea or ammonium chloride after 12 
days' incubation citric or oxalic acid was not formed, 
and, with Relatin, Rrowth of the Miu'or was not 
Rood. 

Similar results have been obtained with molasses ami 
it would seem that under favourable conditions yields of 
citric acid and oxalic acid of the order of 33Vr and 17v< 
may be obtained and citric acid may also bo obtained free 
from oxalic acid, w’hich is of some significance from the 
standpoint of its indusfri.*il production. Further work is 
proceeding to find the optimum conditions for the formation 
of these acids. 

Applied Chemistry Laboratory, G. C. Das Gupta. 

University ColloRe of Science, K. C. Sahii. 

Calcutta. I?. C. Cuba. 

12-12-37. 


The Kstiniutioii of Vituiiiin-C in Fmid-Mtutfs 

We have described elsewhere' certain modifications of 
the Tillmans-Harris technique, by whicli a more correct 
estimate of the vitamin C content of the food-stuffs may 
be obtained. In this connection three considerations have 
to be borne in mind: (t) interfeririR reducinR substunc;es 
have to be eliminated, (2) the dehydroascorbic acid, w'hich 
is bioIoRically potent, but does not react with the ind«i- 
phenol indicator, has to be reduced, (3) combi m!d ascorbic 
.acid ("ascorbiRen" ), if present, has to be split up .so as to 
release the ascorbic acid. Work in this laboratory with re- 
ference to these points has led to the elaboration of a 
method, by which more accurate and specific estimates of 
ascorbic acid are obtained. The method consists in (1) 
heatinR the material in a suspension of water with hydro- 
Ren sulphide on a bollitiR w'ater bath for 15 minutes in 
order to split up ascorbiRen and reduce the dehydro- 
ascorbic acid present, (2) removing the hydrogen sulphide 
by a current of nitrogen or carbon dioxide, (3) extracting 
with trichloroacetic acid, and (4) titrating one portion with 
the indophenol indicator and another portion after in- 
cubation with ascfii’bic acid oxidase (prepared from cucum- 
ber or white gourd) (see also Tauber, Kleiner and Mish- 


kind^). The difference in titration values gives the content 
of ascorbic acid. Details will be published later. 

Applied Chemistry Laboratory, P. N. Sen Gupta. 

University College of Science, B. C. Guhn. 

Calcutta. 

12 . 12 , 37 . 

1. Sen (*.ii]>i;i :nifl (‘.nha, ./. hid. Soc., /{, 

'»>, I ‘Mr. 

2, Tiiuber. Kleiner, ;iinl ,\f islikiiifl. J. Hiol. Chem.., 

no , 211, 1').^';. 


On ('ellulose — Lignin Combination 

On account of the difficulty in Removing lignin, from 
cellulose and the high insolubility of wood substances in 
Schweitzer’s reagent, Erdmann* suggested a chemical com- 
bination between cellulose and lignin. According to liange* 
the linkage is of ester type: while Hoppe-S(*yler‘ regarded 
it as an ether. Tn any case, the only reactive groups in 
cellulose are in the (OH); these are assumed to take pan 
in the combination. As regfirds the occupation of (OU) 
groups in cellulo.se or lignin, throiig'h combination, tb“ 
experimental evidence so far put forth is not convincing.' 

Genuine lignin has been found to be insoluble in all 
media and so its easy separation by means of solvents is 
out of the* question. Secondly, Freuclenberg and co-workci’H' 
have succeeded in i.solating lignin from pine wood b>’ 
alternate treatment of the wood with U.) boiling .sulphunr 
acid and copper oxide ammonia, 'rhe difficulty in dissolving, 
cellulose of the wn)od in thi* latter might as well be due 
to the protective action i»f lignin. and llevan,'' C.'ro.-is 

and Doroc* as well as Konig and Rump'' hold th.Mt cellulose 
and lignin exist sidci by .side without any clieinical eombina- 
tion. The adsorption hypothesis Wislicenus’ also suppoiMs 
the same view. It has been shown by Clark"’ that lignin 
present in wood is eH.senti.ally amorphous in giving X-ray 
defruction patterns with only one or two very tliffusod rings 
and it does not in any way interfere wdth the cry.st.'>1line 
pattern of ccllulost*. So they are not in ehemical eonibina- 
lion. Recently Freutlonberg" also has supported the in 
(Tustalion hypothesis, Lignin h.as been separated with l?"f 
aquous alcoholic NaOH in the cold by Phillips'- .m.l 
Beckmann and others'* from oal hulls, corn cobs aiul rye 
straw'. An ether linkage would hardly be ruptured undm 
the,sp conditions. 

Jn the course of tensile .strength measurements oi 
of jute fibre under various coniiit ions'* it ha.s been observed 
by the author that jute fibre completely delignified by (’lo- 
retained its physical struct ure as seen side by .side with ihr 
raw fibre, under the miscmoscope. Alsti the lensili' strength 
of delignified jute in the air-dried condition wa.s vj*ry nearly 
the same. This would indicate that lignin is not cheniicaJly 
combined with cellulose in jute. Otherwise this irnfiortant 
physical property namely tensile strength, would have 
changed considerably. The renuival of lignin would tiavi- 
resulted in a niorR or leas complete breaking dowm of th*- 
organized structure and consequently, a marked change in 
the appearance should have taken place. 

It was observed by the author that when ci?llulose 
(cotton, jute and bamW)) w'ere treated with 72‘;i H^SOi or 
42% HCl at O" to 4 , for an hour or two, and then poured in- 
to cnishod ice, cello-dextrine in the form of a fine powd<M- 
was obtained in all cases. The low'or mol. wt. as deter- 
mined by viscosity and surface tension methods' 
showed that they were degradation products. Raw juto 
gave a rosy paste on similar treatment, from which ccll\»- 
dextrine could be obtained by removing lignin by CIO.- 
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Thin was identical with that prepared from deli^nified jute. 
Both had practically the same mol. wt. The rosy paste 
as a well as the cello-dextrine from celluIo.se, blackened at 
100’. Thus, cellulose could be degraded in the .same way 
even when lignin was present. This points to the view that 
all the cidlulo.se in jute is free and not combined with 
lignin. 

Thirtdly, dry Cl acted on raw jute (also dryi to give a 
chloro-lignin wdth precisely the same property and con.stants 
as that from separated lignin, in carbon tetra chloriile .su.s- 
penslon’". The oxidizing action of moist Cl is not neeessary 
to disrupt the so-called union between cellulose and lignin. 
Moreover, no definite ratio between the woighl.s of lignin 
and cellulose in ligno-eclluloses has yet been established to 
justify their eoinbmation. In view of these facts, the author 
considers that lignin and cellulose are not ^■heInically com- 
bined in jute. The homogenous distribution of the lignin 
along the fibri? as observed by the author'' doe.s not prove 
anything definitely as regards il.s chemical union with 
eelluloae; in the ea.se of physical adsorpliiin as well such 
homogenous distribution is not precluded. 

Department of Chemistry. I’. IJ. barker. 

Vidyasagar College, 

Calcutta. 

10.12..37. 
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structure and Development ol Jute Fllire mid the Factors 
determining Yield and ({ualit>. 

Investigations on Jute fibre have been chiefly made on 
‘extracted fibre, and there are widely ilivergent view.s as to 
its physical structure and eheriiical composition. Juli* 
fibres are known to differ m chemical coinpositum. tensile 
strength, lustre, colour, degrci* of finene.ss and length when 
produced under both similar and dissimilar conditions. 

Our original idea was therefore to determine the cau.ses 
of such variations, a subject oT cen.siderable economic im- 
portance, by a study of the physical .structure, chemical 
‘’oinposition. the methods of fibre formation and subst*quent 
changes in the fibre during the plant's life. 


During the course of our investigation several significant 
facts have come to light, a short report of which will be 
made in this paper. * 

The term fibre in Jute rL*fer.s to a strand which in reality 
is composed of many cells and depending on the type, range 
in number from -1-10. Kach cidl is called an ultimate fibre 
or cell which measure 1..') mm. in length and 10 I5yi in 
width in different varieties. Kach ultimate fibre is spindle- 
.shaped with several transver.se walla in it. 

CelKs that are to be formed into fibrer; originate from 
a layer of undifferentiated parenehyin.itous elements from 



I'ig. 1 

the meristimiatic region of the stem tip. They lie just 
beiow' the eiulodermi.s, I.e.. in the pericycle region (Fig. 1). 
With the growth of the plant the thin-walled parenchy- 
matous cells are converted to pro.stmchymafous form. 
Further layers of subsequently originate by the 



activity uf cambium and are pushed towards the periphery 
by the secondary growth of the wood. In each layer there 
are .several groups of fiVjres. called composite fibres, which 
are separated by inti*rvening parenchymatous cells. 
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Cdinparative study oT din‘or»‘nt varhdic.s at thi* same 
staKP of devolopriKMit and at the samo rtn»ion shows that 
the number of layers, the number of composite fibres in 
a layer as well as the nu.nb(‘r of ultimate fibres in each 
composite fiVnii vary widely «Kin. 2fi, hi. Thr*se characters 


as the secondary wall. Cross sections taken from the base of 
a stem of mature plant after the period of rapid elongation 
show a further enlargement in thickness of the cell wall but 
without any difference in the size of the coll. This thicken- 
ing of the cell wall is known as tertiary thickening and is 
due to the addition of separate layers of cellulose formed 
periodically by the process of apposition, teach tertiary 
layer formed is pushed to the secondary wall by turgor 
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of fibn*.s ;uc of pioclUMl import. imc as thi* yield 

of fibre ami the demee of finen<*.s.s of IThiv.s are <U‘pemletit 
on Ihi'm. 'I'he more the rmmher of ullimale cells in a 
composite fibre the coarser it i.s, the le.s.s tlu* number the 
finer it is ‘hi. be 

Measurements lakmi limn tin* ero.'-s seehons ot tin- ha.st* and 
tip of a slein leveal dif fm'eiiee.s in th»‘ M'.e of the hbre .-i.s 
W(*ll as in the IhicUness of tin* cell wall of the lihre. teaeli 
cell of the fihie u In n lirst formed i.s surrounded by a thin 


pressure. Alter this, lurther layers ol eellulose an* lormed 
and are added to the eell wall. Tbe.st‘ layers are indepen- 
dent of each otht‘r wilhoul any lenieniing ni.aterial beiwemi 
them and vary in number from h-T m ililferent cells. 'I'he 
fibre is formed in this ^^ay and .shuv\s a siratifed appear- 
ance under the miero.'m.ope iV'ig. I'. 

Microciiemieal .sludie.s of lihre horn dillereiit sta.io-s of 
devehjpinent show ih.il tin* midiile lannlla which \\:is ori 
finally of cidlulo.s.* matter is converted fir.^t into p»>e(!n ainl 
finally to ligmii. Seel inns cut fro n the top region of a 


■ m- 


M 

#. 














wall which i.s called primary wall or middle la nelhi and is 
chemically composed of cellulose. During the pfM'iod of 
active growth, each ultimate cell beeomc.s elongated with 
tapering ends and increases in diameter with a corresponding 
increase in the length and diameter of the stem. During 
this stage there is also an increase in thickness of the cell 
wall by the depos tion of a cellulose layer w'hich is known 


mature plant sliowed that secondary wall and some layers 
are also lignified, but sections taken from the basal pari 
of the same plant showed that lignification was most 
widespread here, almost all the layers being lignified- 
Signification therefore starts from the middle lamella and 
continues into the secondary wall and ultimately into the 
tertiary wall with the increasing age of the plant. 
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Fibres extracted from plants harvested at different 
stages of their growth show differences in colour, strength 
and harshness. Fibres from plants harvested at the time 
of ripening of seeds were very harsh, brittle and reddish; 
whereas the fibres from plants harvested earlier at the 
time of flowering stage were strong, pliable and white. 
Microchemical studies of the extracted fibre from the former 
showed a greater amount of lignification in the fibre colls 
i.e., the harsh reddish and brittle fibres wore due to more 
lignification. Extracted fibre from plants cut at earlier 
stages showed a smaller amount of lignification and the 
fibres were white, pliable and non-brittle. Lignification 
of jute fibre therefore is of vital importance in deter- 
mining the quality of fibre. The critical stage in deter- 
mining the proper time of harvesting the crop is the degree 
of lignification that has occurred, a factor which is of 
great economic importance. 

Retting as is used here means decomposition of soft 
(issues by bacterial action when the plants are kept under 
water and consequent separation of the fibres from the 
stem. The retting process has been studied in detail by 
carefully following the stages at different intervals. The 
portions that are first attacked by bacteria arc the cambium 
and the soft bast which separate . the peritiycle from he 
wood. This decomposition gradually proceeds toward.s the 
intervening parenchymatous tissues in the fibre region of 
the pericycle, and the composite fibres are separated <Fig..'»). 



Fig. 5 

The epidermal and sub-epidermal layers are not attacked 
by bacteria and therefore remain intact. The primary, 
secondary and tertiary walls of fibres are not attacked by 
bacteria due to their impervious nature and absence of 
intercellular spaces in them. The ultimate fibres are there- 
fore not separated and the composite fibres are obtained in 
strands many feet in length. 

It was further observed that when the plants were kept 
too long a period in the fermentation tank the fibres be- 
came weak and sometimes individual fibres were separated 
while kept too short a period the fibres did not easily 
separate from* the adjoining parenchymatous tissues. The 
most critical period in the retting process is therefore 
the extent to which the softer tissues have been removed, 
the Incomplete destruction of which lowers the quality of 
jute fibres to a great degree. 

Thus our study shows for the first lime that the yield, 
k*ngth and degree of fineness of fibre are dependent on 
the genetic constitution of the varieties modified by 
(‘nvironmental conditions. The colour and strength of the 


fibre are due to the extent of the presence of lignin and 
subsequent treatment of the fibre during the process of 
retting, washing and drying. Retting is merely the des- 
truction of soft parenchymatous tissues by bacteria and 
this again is dependent on the age of the plant, tempera- 
ture of the retting water, stagnancy and presence of 
matter in the water. 

Hose Research Institute, H. K. Nandi. 

Calcutta. J. N. Basu. 

15.12.37. 


A Note on the Experiment to Investigate into the Effect 

of Dusting Paddy Plants with Paris Green Powder on 
the Yield of Grain and Straw 

The campaign of dusting paddy fields w'ith Paris green 
powder ns a larvicide against the mosquitoes has been 
undertaken by the Railway administration in India in con- 
connection with antimalarial project. It is reported that 
the dusting is successful in imparting a lethal effect on the 
mosquito larvae. But unfortunately the campaign has re- 
ceived a setback due to the objections raised by the 
cultivators on the ground that the treatment with Paris 
green affects the yield of paddy adversely. 

This department wa.s requested by the Malariolugist, 
B. N. Ky., to perform suitable experiment for finding out 
the effect of dusting paddy plants with Paris green powder. 
A<Tordingly, last year an elaborate fi<*ld experiment on 
transplanted aman paddy was designed. 30 unit plots of 
9’ -9" square each were arranged in 10 adjacent blocks, 
representing 10 replicates of the scries of the treatments 
under test and each unit plot was surrounded by I'-i’ ally 
to facilitate the dusting operation. Within each such block 
there were altogether .3 unit plots, representing the three 
different treatments,- morning dusting (between 9 a.m. and 
11 a.m.) (2) evening dusting (between 3 p.m. and 5 p.m. ), 
(3) Control ino dusting) arranged at random. 

The paddy selected for the experiment w-as Dacca No. 1 
(Inurasail) a medium pureline strain of the transplanted 
aman group. Single plants of the same were trans- 
planted 9” apart within each experimental plot. There 
were altogether 19G plants in each of the unit plots under 
experiment. 

Paris green of the strength of 2% was prepared by 
diluting the commercial stuff obtained from Messrs 
Wilkinson Heywood & Clarks' firm with requisite quantity 
of fine soft stone powder. The quantity of mixture, dusted 
on each occasion on the experimental plots, was at the 
rate of .50 lbs to the acre.* 

Altogether ten dustings were done, commencing from 
7.10..36. on every fifth day and ending on the 22nd November. 
1936. ' The dusting which was due on the 16.11. S6. was 
slighted by one day due to rains. The dusting was started 
about a fortnight previous to the flowering date, (23rd 
Oct.) i.e., at the "“thormukh stage" when the sheath enclos- 
ing the flowerhoad was gradually swelling up prior to the 
emergence of the inflorescence. The closing day of the 
dusting operations corresponded approximately with the 
end of of the "milk stage", i.e., when the grain has become 
hard prior to maturity. 

For the purpose of dusting a new medium sized hand- 
power blowing machine was obtained on loan from the 
Malariologist, B. N. Ry., and it gave the desired "misty 
evennes.” 

At harvest 100 plants were taken at random from the 
centre of each plot, after rejecting the outer-most row of 
plants to eliminate the border effect, for weighment of 
grain and straw. The grains from each plot were weighed 
twice i.e., once before winnowing and again after removing 
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the undevplopod Krains (husks). From the difference in 
yield, the loss of weight due to husks was worked out. 

The analysis of variance and the results are given 
below : — 

Tal.h- 1. 


Table VI, 


Anal> sis of rrsuUs. 


Morning 

dusting. 

IvvtMiing 

dii'^ting. 

V Mitrol. 

(‘fCiicr.il 

iiican. 

IviTor. 

\Vt. of liin 
plants (sti :iw ) 
in l.das. VMm) 

141.05 

ur.47 

142.51 

f)31 

\Vt. prn-«'iit. 

08.97 

103.48 

100.00 

4.42 


Aiialy.sis of vanain'e (on .^raiii weights in tt>Ia.s). 


N'arianci* 


D/'gi re of 

.Sinus ul 

Mean 

vS. 1). 

due to. 


l“i rnlom. 

sepia re. 

sepiare. 

Trcalincnt. 


2 

9050.50 

4.'i28.2« 


Block. 


9 

803.04 

89.23 


I'yllOl. 


18 

UH3.17 

72.39 

8.50 


#• 

s. 

Signifu-ant 

:it \f0 IcM' 

•1. 




Table 

II. 





Analvsi.s o 

1 rcsnlls. 




Morning 

livening 


( icnei al 

ha lor. 


dii.iting. 

dusting. 

Cmitred. 

mean. 

\Vt. of icd 






)i1ant.N in 






tolas. 

110.15 

lOfi.OO 

145.27 

120.77 

2.09 

Wl. percent. 91.20 

88 51 

120.28 

1(10,00 

2.23 



Table 

III. 



.\iialysis 

; of variance (on net 

grain weiglils on tola.s). 

N'ariancc 


Degree of 

Sums of 

Mean 


dm* to 


freeiloin. 

s<piare. 

septate. 

S. D. 

Ticiilineiit. 


2 

11543.12 

57ri.50 ^ 


Block. 


9 

857.82 

95.31 


Ml mr. 


18 

1200.05 

70.33 

8 38 



Signilieant 

at \% b*v» 

■1 



.s. I-;. - 

2.(.5. 






'fable 

IV. 





,\n:ilysis of i esults. 




.Mol ning 

bAcning 


< '.cne-ral 



dusting. 

dusting. 

Conind. 

mean. 

Hii'or. 

\VL of 100 






]>lanl.s ill 






tolas. 

H7.35 

88.45 

129.50 

101.77 

2.05 

VVl. ]>eicenl 

[. 85,83 

80.91 

127.24 

1(10 00 

2.00 



Table \'. 



Analy.sis 

of \aria 

lU'c (on <lr} weight o 

f straw in t( 

idas). 

Variance 


Degree of 

.Sums of 

.Mean 


dne to 


liee«loin. 

.sepia re. 

sepiaie. 

S. D. 

Treatment. 


2 

391.0.1 

195.51 


Block. 


9 

2528.00 

280.95 


Hiior. 


18 

7170.93 

398.38 

19.95 

Total 


29 

10090.50 




S. ]•:. -■= b..i!. 


The figures in tables II and IV afford sufficient proof 
of the deleterious effect on the yield of paddy plants dusted 
with a 27/ Paris green powder. 

It .nay be seeti that the difference in yield in favour 
of control as against either of the treatments " morning 
dusting" or ‘‘evening dusting ” is, in each case, absolutely 
.significant under the conditions of the experiments. 

The following f(*atures as brought out by the ixptui- 
inent are worth noticing: — 

(l» That the fall in the yield of grain due to dusting 
with Paris green is wellnigh 20'// on the w’hole. This i.s 
tentatively due to int(*rference of the powder on the proper 
growth and development of the grains. 

(2) That the deleterious effect is positively patent and 
independent of the time of dusting. 

(vl* That there is practically no effect of dusting with 
a 27/ Paris green on straw, healthy as reported by NlchoiKs 
(Ceylon Jl. Sc. Sect. D. 11. 1. pp. 21. ;M). 27» or harmful, 
as is clearly evident from the absence of any absolute 
difference in yield either in favour or against the treat 
merit. Moreover no trace of apparent deleterious effect 
of the powder on the green leav(*s W'as noticed. 

It is intended to do the experiment again during next yistr 
w'ith one or two more larvicides in addition. Attempt will 
also be made to determine the underlying causes ol the 
deleterious effect of the larvicides on the yield of paddy. 

In conclusion we offer our thanks to Mr. Senior White, 
the Malariologist, H. N. Ky., for lending us the “Plowing 
machine ” without which it would not have been possible 
to conduct the experiment. 

I.rfiboratory of the Kconomie Botanist, S. H. HedayetuH.-tb 
Dacca. Kali Prasanna Kov 

2;mi.;j7. 


• Tlie iHhicnt, tin* .strength and the (|nanlit> of tin- 
mixture for cai'li was in accordance with the ]>ra< tii'c oi tli. 
Mal.'iritilogisi, |{. N. Ky. in his cain]»aign. 


A new H|M*cieK of Fhoehe from ANsiini 

Phoebe assamii'a A^rr///nn kumor (s|)|i Nov.), I'ainily- 
r,aiirareae V«‘rn. .Mckalii (.\ssaiiiese). Phoe'te attenmifa 
Nfea affiiiis, sed fnliin Lontjvtris, petiolvs lontjinria. 
Frnctmt rnajoris diifvi vnt. 

A large evergreen tree, bark whitish grey, branchlet.** 
marked with scars of fallen leaves. Young shoots, petiol''.s 
& inflorescence covered with rusty tomentum. Leavtfs .sim- 
ple, crowded towards the ends of branchlets. JO-30 crii. • 
5-1.T5 cm. Broad elliptical lanceolate, cuneate, entire pube.s- 
cent along midrib otherwise glabrous above. Undersuif.n c 
glaucus. rusty pubescent along rhidrlb and lateral nerves 
Midrib and lateral nerves prominent beneath. Lateral nervo.s 
11-15 acruate anastomosing towards the margin. Petiole 
channelled above, about 2-2.5 cm. Flowers in axillmy 
panicles. Rachis l.S-20 cm. in length, tomentose. 


S i) 1 K N c; K & 
C U L T II 11 K 
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Flowers hermaphrodite, amall about 1 mm long and 1 nun 
across, pedicel 6-8 mm. long. Husty fomentose sliKhtly 
thickened upwards. Perianth sexments 6 imbricate, ovate, 
elliptic, concave 4X2 mm. thickly tomentoae outside, marked 
with .^-5 longitudinal lines. 

Stamen perfect stamens 9, staminudes more or less 
connate at the base, filaments of fertile stamens 2 mni 
lunt( and that of stamonidoes 1 mm. flat villous, anther 
cells 4 opening by valves. Ovary compressed l.rj mm long, 
one celled. Style simple .3 mm long. Fruit a berry cm 
>2 cm. supported by accrescent perianth segment.s. 

Flower May June, Fruit Sept. OrUdier. 

I reveived this specimen from my relation Mr. l*ur- 
kuyastha, Dy Conservator of Forests, wlio was working in 
Sadiya forests at that time. It proved to lie fi new species as 
it could not be matched either at Kew or at tfie R<»yal 
Botanic Garden, Sibpur. The description was written by me 
some time ago, but it could not be published till I received 
Mr. Purkayastha’s notes. 

This is a very good timber tree of the N. K. Front i<*r 
tract. The spp {!omes near Phoebe atteniiata but eiiffers 
from it in having much longer and broader leaves with 
long petioles. The fruit is al.so much bigger in this case. 

Asutosh College Kalyan Kumar Piirkaynstha 

Calcutta. 

10-11 -:i7. 


On a Kinilder lied In the Krol Hills near Solon. 

During a recent visit to the Simla Hills with a party 
of post-graduate students of geology the author came acro.s.s 
a peculiar boulder bed in the vicinity of the Krol Hill about 
two miles north of Solon. The bed show's features W'liieh 
are indicative of its glacial origin. The author belivcs that 
there is in this bed an evidence of Plewtoeene Glaciation in 
the Solon Simla area not no far r<*oorded by previous w'ork- 
ers in this field. 

The Simla Hills form a classical region of the Hima- 
layan geology. Numerous workers, trying to unravel the 
structure of the mighty range, have turned to this area in 
.S4*areh of clues that may help in the elucidation of the 
structure. The latest of these efforts have gone to show 
that the structure, far from being simple, is an extreme 
ly complicated * nappe ’ involving the development of 
several overthrusts together wdth horizontal inoveinenf «)! 
strata over considerable distances. 

The newly discovered boulder bed is of a sporadic oceur- 
renee apparently taking no part in the inlen.se earth mov»»- 
ments that resulted in the rise of these high mountains. It 
resemblca in certain respects the boulder beds of the Klaini 
Series which also have been involved in the folding, but 
the field relations, as also some other charaet«*r.s, mark it 
as a distinct bed formed much later than the last orogenic 
upheaval. 

Solon is the type area where the Blaini conglomerate 
bed was first discovered and studied by Medlicott'. The 
same has been studied by several workers and is now «'on- 
.sidered os the index horizon of the Himalayan Geology. 

There are a few exposures of the Blaini Boulder beil 
>n the neighbourhood of Solon already mapped by Pilgrim. 
West and Auden. Two of these crop out in the bed of the 
Blaini stream a mile west of the Solon railway station, 
while the third is about a mile and a half south west of 
J^olon on the road to Barog. In the Blaini stream exposures 


it occurs as thin strips running N.W. S.E. nearly parallel 
to the stream for over one mile and is in one case underlain 
by the Binnla slates on the south and .succeeded by the 
Infra-Krols on the north. The southwestern exposure on 
the Barog side, however, is associated only with the Infra- 
Krols on either side. The Blaini Conglomerate band is 
extremely hard and is composed of boulders of 
various sizes in a fine hut compact grey matrix. The 
boulders are those of ancient si-hists, quartzites and 
slates, apparently belonging to the pre-Cambrian metamor- 
phies, on which however the author did not observe any 
facetting or strintions. 

The Klaini bed is intimately involved in the intense fold- 
ing as.soeiated with the Himalayan upheaval. The bed. 
moreover, i.s not found a.ssocialiMl with roi-ks younger limn 
(he liitra-Krols in tiu* Solon area. 

Tlie new' boulder bed, which fornus the subject .natter 
of this eommiinication, differs .strikingly from the Blaini 
Boulder bed which oeeurs within two miles of its exposures. 
Sever.nl outcrops of this new' boulder bod w’cre located on 
the slopes of the Krol Hill and in the adjoining valleys. 
Tlie 1 m‘hI exposure is the one helw'«*en ('iiambaghat and 
Ba.sal about a mile and a half \n tin* N.W. of Solon. Here 
It occurs .M.S a re^jular berl w'ith a ‘roughly southerly dip 
conforming to the .slope of the hill and covering uneonform- 
ably th(‘ bods of tiie Krol and Infra-Krol series. A small 
streamlet exposes the junction of the boulder bed w'ith the 
undtM'lying rocks ami a strong discordance is eviiient. 
The boulder bed continues for a fairly good distance 
(kiwn the stream and is eompose<l of un.as.sortoil 
fragments. often of large size, of quartzites, 
gnei.sse.s. shale.s, .slate.s, and limeslom^, all held 

together m a fine matrix of soft mottled clays. The frag- 
ments of .shales, slates and limestones, a.s also the clays, 
are derived undoubtedly from the underlying Krols and 
Infra-KroLs of which they are the predominant components. 

A few detached outcrops have been traced within the 
Solon Cantonment area, one of these being din*ctly m 
contact with the Subathus and the Infra-Krols. In this 
exp'jsure the Subathus form a small a.syinmetrical antic- 
line with the fold axi.s running nearly N.W.-S.K. These 
rest W'ith great uneoriforinity over the brown and purple 
slates of the Infra-Krols, dipping .somewhat .s((‘eply to the 
nortli-€‘a.st. The strike of the Infra-Krols i.s nearly the same 
a.s that of the Subathus. but the marked difference in the 
amount c»f their dip, as also in the lithology, easily serves 
to .nark the intervening unconformity. 

T’he boulder bed i.s seen in thi.s area covering partly 
the Subathus and partly the Infra-Krols,' and this relation 
is very clearly exhibited in a section exposed by a small 
streamlet within a furlong west of tin* play ground in the 
t\'intor,ment area. 

It i.s thus apparent that lithologieally this bed is quite 
distinct from the typical hard grey Blaini Conglomerate 
oeeurring in this area. The field relations moreover clearly 
point to its being much younger than the Infra-Krols the 
Krols and even the Subathus all of w'hieh it covers with 
great unconformity and w'hich in turn is nowhere overlain by 
any rock formation. The fact that this bed conforms to the 
.slopes of the Krol hill and lies more or leas undisturbed 
.show's that it has not been subjected, since its formations, to 
any of the major mountain building disturbances in this part 
of the Himalayas and. that the boulder bed is therefore 
much younger than the last phase of this Him.ilayan uphea- 
val— pos.sibly Post-Plioe<*ne in age. Numerous exposures 
of this boulder bed were observed on the eastern slopes of 
the Krol hill both along the railway and the motor road 
between Solon and Kandaghat. No such rocks were, how- 
ever observed beyond Kandaghat even up to Simla along 
either of the routes; and though we cannot rely much on 
this negative evidence, this at least suggests that the Krol 
Hill W'hich is the highest (7393') within several miles of this 
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part of the region, muat at one time have been one of the 
very few seaU of glaciers in these parts. 

Boulder beds of Post-Tertiary age are known from some 
of the neighbouring areas in the Himalayas. Theobald, in 
1874, described certain glaciers of the Kangra District* 
which according to Oldham were of Post-Pliocene age. 
The outcrops of these Kangra glacial beds extend as far 
east as Bilaspur only 32 m. N. W of Simla. Similar 
occurrences of glacial boulder beds near Dalhousie were 
described by McMahon’ in 1882. It is thus clear that 
this part of the Middle Himalayas was the scene of pleisto- 
cene glaciation along with several other parts, the glaciers, 
later, having completely disappeared from this part of the 
Himalayas. 

Department of Geology, 

Benares Hindu University. K. P. Rode. 

15-12-3V. 

1. Mem. C.S.I. .7, rt. 2. p 17, 30. ISbl. 

2. Hec, (j.S.I. 7, Pt. 3, 86.'»7. 

3. /fee. G.S./. 15, pp. 10-50. 


Discovery of Dublabera Vanadium. 

With reference to the controversy regarding the disco- 
very of what has been called coulsonite,'* the following 
facts may throw some light on the subject. 

In 1929, being interested in manganese and being inform- 
ed of its presence in Sindurpur Hills in Dhalbhum, I went 
there for prospecting with my informant Mr. Puma Chandra 
Chatterjee. I came across certain floats and inspected 
them with my eye-lens. These showed on breaking fine 
crystalline structure with a pitch-like matter in the intra- 
crystal spaces. Wo had also some samples procured near 
Dhangam “‘Dublabera road. The accidental find of a lode- 
stone in this area led me to suspect them to be magnetite. 


Some Sindurpur samples were also procured, which were 
of needle-shaped crystalline form and ateely in appearance. 
These samples were analysed by me at the Dacca Univer- 
sity laboratory and found to be a 'very pure niokeliferrous 
ore containing about 70% Fe and about 1% Ni. 

A spectrum analysis of the Dhangam samples carried out 
by Prof. S. N. Bose of Dacca University showed the pre- 
sence of vanadium. Subsequent quantitative analysis carri- 
ed out by me in Dr. N. K. Sen's laboratory in the Dacca 
University revealed that the ore contained as much as 4% 
vanadium. Analytical figures were 8.7% VaOo, 28% TiOi and 
56% FeaOi. This was considered both by Prof. S. N. Bose 
and Dr. N. K. Sen to be a unique ore with regard to the 
vanadium content. Further work on other samples obtained 
from the field to pick out the rich vanadium lode was 
kindly undertaken by Dr. P. B. Sarkar of the 
University College of Science. Calcutta, to whom I was 
introduced by Prof. S. N. Bose. Dr. Sarkar was greatly 
interested and analysed about 30 samples in t931. 

The Oriental Export and Import Co of l/C, Swallow 
Lane, Calcutta (now defunct) acted as our agent. In 19.71, 
samples were also sent to the Geological Survey of India. 
But apparently no notice was taken by them. Samples were 
also sent to the Imperial Institute of Technology, London. 
Negotiations were started to interest Tata Iron and Steel 
Co. Ltd., through a Parsee firm during 1932-33 as a result 
of which Mr. Balaram Sen of Tatas twice visited the field 
in 1933 and I guided him through the area. 

The interest of the Geological Survey of India was'a^ 
parently finally aroused by information which was sent to 
them by the Imperial Institute of London, what had analys- 
ed our samples. Dr. J. A. Dunn of the Survey went by 
himself and. so far) as our information goes, reported thiit 
he had found no vanadium ore in the area. His failure 
prompted the Survey Office to take our help and Dr. A. 
K. Dey was sent accordingly, who went there In 1933 and 
I myself showed him the Held over. 

This, I think, throws some light on the course of the 
discovery of Dublabera vanadium. 

29, Balaram Bose Ghat Road, 

Bhowanipore. Subodh Chandra Gh(Kse. 

Calcutta. 

10. 12 37. 
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Need for a Power Research and Investiga- 
tion Board in India 


In his prosiilential mlilrcss lioforo tlio ‘Ird 
.‘iiiiiiml in(‘(*tin»' i»i‘ flu* National Insliliilo of 
Scii'iu'os of India, Professor M. Saha lias (dearly 
])ointed out Dial if India is even* to solve Inn* jiro- 
hlenis (d* poverty, iiunoranee and dis<*as(‘, it eaii 
only h(* done hy larjieseale indiistriali/ation of the 
(‘ountry, India is essentially an ajirieultural land, 
()()% of whose potiulation are pcnisants or, to use 
Professor (lordon (diild’s phi*as(‘olojiy, mere food- 
liatherers; (d‘ the reniaininy follow 

oeenjiations dependent on a rural (‘(*onomy, and 
eidy \ \% are eity-(lwellers. It is oidy these H''., 
of tln‘ total population (d‘ India who are euaajred 
in industries or oilier urban professions. In no 
other eonntry of the world, exe(‘ptin}»' sueh hack 
ward ones as (‘hina, is there sueh a lar^e pro])or- 
tion of rural po])ulation. The ('ondition (d* the 
villaj*ers is anything- hut satisfactory. Ifalf 
starved, without even two scpiare meals a day, 
liviny: in huts mostly without doors and windows, 
sh'epinj** on mats and with rays on, and often with- 
out them, ])ressed with heavy burdens witlnud any 
I’clief, eneiimhered with (‘ver-inereasini; debts and 
■illlieted hy diseases, the Indian peasant drafts out 
his miserable existence from day to <lay. True, 
there is a keen desire everywhere and an attempt 
'll some quarters to improve his sad hd and to 
laise the {reneral standard of livin». In this eon- 


n(‘\ion the point of view is (d'ten ur}^('(| that the 
problems of India’s ])overty, illiteracy, and 
diseases can be solv(‘d, if there is an exodus id' 
townsmen to the villajii's. It will, they say, eli- 
minat(‘ middle-class unemployment. P>ut this will 
only h*a I to an incrmisi* id' the pressure on the 
ON e»* (Oldest ( m 1 I'ural arcjis and will mnltijily 
misery. If we, on the other hand, insist on greater 
etiiciency in aiiricultiiral methods, and if U])-to~ 
dale scientific methods replaci* the a«‘(‘-old crude 
ones followed by the farmer in onr country today, 
they will no doubt yield mon* abundant and 
cheaper food. This means that the same produc*- 
tioii in ajii'iculture can bi* etfected thronj^h the 
application of modern sciiuitifie methods in lieu 
of old ones, by half the ])r(‘sent number of tillers 
of the land. A larger amount, more than sufficient 
for the whole id' India, can be produci'd by 
of her ])opulation. That means the rest will sit 
idle and nnemjiloymenl will increase. What, then, 
is 11 h‘ solidion.’ Profcssoi* Saha analyses the 
situation and recommends larjie-scali* industri- 
alization as the only way out of this difficulty. 
H(* .says: 

“If wc foialN.sc the wirlcsprcad puhlic sentiincnt for 
l.ieltcr livinjr. what do wc Inid ? Kvcr>l)Oily of course wants 
his supply to be insured, hut this is the least part of 

his demands, lie w.ants to be better clothed and better 
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housed; wants to get a better education for himself and 
his family, more rest from work, freedom from drudgery 
and greater enjoyment of life. Analysing the sentiment 
we find that if these needs are to be satisfied, the quantity 
of industrial pro<luetR has to be increased ten to twenty 
times its present level ; all these works have to be orga- 
nized, and a large proportion of the village i»opiilation is 
to be diverted from the task of food-gathering to indus- 
trial work. In fact, the only w.iy to improve the villages 
is by drafting more villagers to the cities, ami by creating 
a large number of cities based on industries." 

It Cfiii l)t* ask(*<l ])y soitio: Is liitlia fit for 
iiidiistrializution ? We ngree that all countries 
cannot attain industrialization due to their in- 
trinsic poverty of natural resources. “ The 
source of potential wealth today is not merely 
good agricultural land of all varieties, capable of 
yielding all kinds of foo<l and other economic 
product.s, but also mines, capable of yielding 
minerals useful to man, and sources of power 
(coal, oil, peat and other fuel, water power).” 
India is one of the three countries which enjoy 
potential plenty, the other two being U.8.A. and 
llussia. She possesses all sorts of natural re- 
sources in abundance, yet she continues to be 
poor, only because her resources have not been 
developed and industrial work has not been pro- 
perly planned and organized. J)r V'era Anstey 
says in her Economic Development of India : ” Here 
is a country of ancient civilization, with rich and 
varied resemrees, that has been in intimate con- 
tact with the most materially a<lvanced countries 
of the West, but which is still c.ssentially mediae- 
val in outlook and organization, and which is a 
byeword throughout the world for the ])overty 
of her people.” What is the root cause? 

Not only has the natural wealth of India not 
been fully exj)loited and her power resources 
developed, but the power that is already available 
is extremely dear. The price of petrol in this 
country varies from lie. 1/- to lie. 1/10 /- per 
gallon, while that in England or Japan is only 
-/6/- annas; and on account of the great cost of 
petrol oil engines are very expensive to work in 
this country. It is on this basis estimated that 
in the European countries the cost of power forms 
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about 3% of the total manufacturing charges. 
The cost of power in India, on the other hand, 
is 12% (d* the total manufacturing charges. This 
shows how much India is handicapped in the 
matter of industrialization. In fact the first stage 
towards successful industrialization is cheap 
power. In order that this matter be. properly in- 
vestigated it is necessary that the (lovernmenl 
should establish a Power Research and Investiga 
tioii Hoard as is done in many other countries of 
the world, c.g.. England and Russia. Let us take 
the instance of Russia which was in the pre- 
Revolution days a wholly agricultural land, con- 
sisting of li)% of rural ])opulation. After the 
Revoluli(m, under the able guidance of Lenin, they 
increased their power resources, started schemes 
for planned electrification for the whole country 
and eventually, when equipped with highly 
developed resources, industrialized it on a large 
scale. She has passed from a wholly agricultural 
country to an essentially industrial one with TO"’ 
of her population now engaged in imliistries. 
Soviet Russia, to give full effect to the schemes 
and make them a success, a<lopted, under tin* 
guidance of Prof. Krzhizhanovski, the ])lans of 
( 1 ) Immediate establishment of a Power Research 
Institute for umlertaking the survey of the exist 
ing ])ower resources, coal, peat, oil, shale ami. 
above all, water power in the U. S. S. R., (2) 
Establishment of an extensive scheme of hydro- 
logical Survey — so far the F. S. S. R. i)osscsscs 
5,200 hydrological stations of all classes, for survi‘y- 
ing the discharge of rivers at different i)oinls, 
their variation throughout the year, etc., (3' 
Establishment of a large number i)f River Physics 
Lalmratories at Tashkent, Moscow, and Lenin 
grad and other centres where researches with 
labor^'tory models of projected weirs, dams, cm 
bankments, canals are carried out before any wv>i k 
is actually undertaken, ( 4 ) Establishmeiil oi 
a comprehensive scheme for training an army o' 
technicians in Russia. 

The phenomenal growth of Russian in(bistr> 
during the last few years proves the correct nc>s 
of the adoption of these plans. She ” now in 
stals every year power stations of millions o' 
kilowatts capacity instead of thousands. Tic 
energy produced is utilized l)y the propeii. 
planned industries, and in transport, and only 
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small pm*enta>?e is also utilized in aj»:rieultui*e. 
Thus within the last sixteen years, the nation has 
passed from a eoinmunity of half-starved peasants 
to well-fed and well-clad industrial workers.” 

Electrical power in almost all parts of India 
can he obtained out of the ener{»y of the runninj^ 
water. Hut as all hydroelectric schemes are cx- 
pensive, we should urj'e that before such a scheme 
is launched, thoroiij^h preliminary studies be 
made. These would include, as pointed out by 
Prof. Saha in his address, a summary of tlie 
water power resources showinj>’ the variation of 
<lischarf4e of rivers, possibility of erectinji: storage 
reservoirs, fiiuliu}' out the best site, and further 
economic survey with a view to utilization of all 
the power develo])od. Even when a site has been 
chosen, extensive laboratory ex])erinients should 
be carried out with the aid of models on the 
proposed dams, weirs, reservoirs, etc., before 
any work is actually undertaken. If one ^ocs 
critically into the history the iinsueeessful 
work of the Mundi Scheme in the Punjab and 
the Western (binj*es HydroeIeelri<‘ S<‘heme, both 
of which hold the world’s reeoi‘d f<»r dearness, 
one will find that the root cause of failure was 
that schemes were launched by enthusiasts (in 
many eases by amateurs in hydroelectric cnj^iFieer- 
in^) without suffieient survey and preliminary 
experiments. In the Mundi Scheme, nearly ti 
ci'ores of I’upees were wasted before it was dis- 
<'overed that the river from which power was 
to be tapped almost ran dry duriny the hot season. 


If a small part of this money was spent on ade- 
quate surveys, and preliminary laboratory re- 
searches, probably the (lovernments w'ould have 
received a handsome return on their investment, 
most part of which has now to be written off as 
unproductive. 

' Thus we see that ft>r the lar«eseale industriali- 
zation of hulia the development of power re- 
sources is absolutely essential. We must, at the 
.same tinn*. nrf»e that if we want imiustrialization 
to jn'oceed on sound lines, we should a<lmit the 
necessity of establish in a Power Research ami 
lnvestij»:ation Hoard, which wouhl make scienti- 
fic studios of the various problems that may 
ari.se from lime to time ami advi.se the ;iuthorities 
on the course of their future procedure. We con- 
clude with Prof. M. N. Saha: 

“If wc desire to liiihl smvrssfully the scoiirj^e of poverty 
aiul want from wliich %)% of our countrymen arc suffer- 
in.i», if wc wish to remodel our society and renew the 
spring's of our eivili/.atiou and eultun*, and lay the founda- 
tions of a strong and j)rogre.ssive national life, we must 
make the fullest use of the power which a knowledge of 
Nature has given us. We must rehtiihl our eeononne 
.system hy utilizing the resouices of onr land, harne.s.sing 
the energ\ f>f our rivers, prospecting for the riehe.s hidden 
utidcr the howels of the earth, reelaimiug deserts and 
swainp.s. concpietitig the hairier of distance and above all, 
we must mould anew the nature ot man in hoth its indivi- 
dual a i\ social asjieets, so that .'i richer, more harmoniou.s 
and ha])j)ier race may people this great and ancient land 
of our.s. Towards the realization of this ide.al, we must 
adapt ourselves to the new philosophy of life and train 
the eoming generali«ms for the serviee of the community 
in scientifir stiulies ami research.” 
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The liistury of luiiiuiu (‘ivilizaf inn is so iiitiinali*- 
ly houiid ii]) with tlo* (lonioslicatioii ol* animals that 
for a ])roi)or luidcrstandiiiji- of the former it is 
essential t(» have as detaile<l a kiiowkal^je as possi- 
ble of tlie se<piene(‘ of <‘vents that led* ma?j to take 
to th(‘ domestieatioii of wild aniiiials witli a view 
to makiiij*' them his eomi)anions and helpiiiates. 
I'lifortiinately the prolilems involved in this study 
are so eomplex and tlieir eliiei<la1ion, owinj** to the 
paucity oi* information ami niaterial, so ditlHcull 
that it is not easy to arrive at a clear understand- 
in**-. In tlie followin<>' account an attempt is made 
to i)resent some of the more important lines of 
thoujiht, indicating' the i)i’o^ress that has been 
made in tin* study of this very ilillicult subject; 
in coiniection with the latter special attention is 
dcvi)led to the importance of Jmlia as a centre of 
domestieati<m of animals. 

Before dealinj* with tlie main theme it is essen- 
tial to preface it with a short outline of our ideas 
in l•eferenee to Oryanie Kvolution. 

la'avinj*' asi<Ie the semi-populai* views (d‘ the 
Kternity of Present (’onditions and tlie Tatastro- 
phisms, the two main theories in reference to the 
occurrence of the numerous kimls of i)lants and 
animals on the earth are: 1. The Theory of 
Special (’rent ion, and 2. The Theory of Orjianic 
Kvolution. The theory of Special (b’cation is a 
literal interpretation of the Mosaic account of crea- 
tion as set forth in the tii'st eha])ter (»f (ienesis in 
the Bible — it is a simpb* sl(»ry <lerive<l from the 
Hebrew tradition, beautifully tohi and a<lmirably 
suited to the times and th(‘ simple. believin» i)eople 
for whom it was written. One id' its greatest 
exponents sii »‘e the a<lvent of the (Miristian era 


was a Spainsli Jesuit priest, Pat her Suarez, who in 
the latter half of the sixteenth and the early years 
of the seventeenth centuries stated that “ the 
world was made in six natural days’’ by aii all- 
powerful Creator. His influcjice was so profound 
that this continu(‘d to be the orthodox belief in 
Kuroj)e until the middle of the Jiineteenth century. 
In Kn^laml the famous i)oet, Milton, intluence(l 
Protestant thoip»ht by his beautifully written 
account in Paradise Lost of liow, on the sixth day, 
in accoralance with tin* Divine Command 

“ The earth obeyed, and straifiht. 

Opening' her fertile womb, tiamied at birth, 

Innumerous living*' creatures, perfect form, 

Lind)ed Jind full »rown.” 

It was apparently this idea of the creation of 
dinVrent kinds or species of plants and animals that 
led the famous Swedish naturalist, Linnaeus, about 
the middle of the eij»hteenth century to expound 
his fatuous dictinn that “ the number of specii^ 
is as many as different forms were created at tin 
bej'innin'i. ” atid that “ the individiuil creatures 
are pioduced from cfi^s, and each e^j»' itrodiiccs a 
])ro'*eny in all respects like the jtarents.” Tin 
views of the Prench Seltool, and more ])articularl\ 
of its leadinji- ex])o?ient, Cuvier, in reference ti» tin 
immutability of the s])ecies are well summed u]) in 
the sentence, “ species are as distinct as the dilTer 
cut makes of boots sent out from a factory.” Tin- 
publication of Charles Darwin’s epoch-making; 
work. The Origin of Species, in l«sr)9, however, revolii 
tiiuii/ed our ideas in reference to creation an-l 
evolution of the orj^anic world. Darwin, as a 
result of very careful studies extending* over man> 
year.s. maintained that species are imt innnutabl\ 
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fixed huf pass into one another, the modifieations 
ol! the spc'eies heinj'- elTeefed ehiefly thronj^li “ lh(‘ 
natural seleeti<»n of mnnerous, sii<‘ec*ssivc, slight 
favoiirahle variations; aided in an important 
manner by the inherited elfeets of the use and 
disust' oi! parts; and in an nnimportanl manner 
that is, in relation to adaptive slruetures, wfiether 
])ast or present — by the direet aetion of external 
eonditions, and b,y the variations whieh seem to us 
in our ijiiioranee to arise spontaneously.” Sinec* 
this dat<* his tiu'ory of Or^anie Kvolution has been 
ae«*epted, more <n* less generally, as the only lo»ieal 
way of umlersfandin'i and interpridinu (’real ion. 
Tin* theory is based on flu* well established fact 
that even no two iinlivi<luals of tin* same speeies 
of plants or animals an* alike -there beiim always 
slij»ht difTereiiees or variations in si/<*, shape, t'olonr, 
ete. Owinji to the very ra]>id rati* at wliieh all 
living’ forms tend to inerease then* is a emilinnal 
Slru^^lc for Existence in tin* eompetition for food, 
shelter, eti*. Sueh plants or animals as possiss the 
most advantajieoiis variation in tin* slruji'^Ie bn- 
existein-e will have betti*!* ehane<*s for survival - 
this implies a Natural Selection when* the fitti-st 
survive* {Survival of the Fittest), and perpetuate tin* 
ra<‘<*, transiMittinj*’ the heritabb* variations to ltn*ir 
pi*oi*eny, while tin* weakest j^o to the wall. 
Darwin’s views in r(*»ard to the modus operand! of 
the orifiin of new s|H'eies have been epiote I above. 
Various mo<lifieations have been suujiested in this 
theory as a result of later work, but in essentials 
the theory, as aeeejded today, I’emains as it was 
eiiuneiated by Darwin, 

Whereas tin* follow(*rs of the theory of Speeial 
Creation and the immutability of speeies believed 
that domestii* animals had been ereated as <listiin-l 
speeies. no modern man of seiein-e doubts that all 
our domestie animals are ilerived, as a result t»t 
seleetive breeding' by man, from one species or 
another -of wild animals, and do not represent 
list i net speeies^. 

Domestic* animals have* bei*n defined dillereiitly 
hy various authorities on animal husbamlry and 
loiiiestieation of animals. The most eomprc*hen 
• VC* definition is that of Wilkens as imMiiflc*d by 
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Duerst, aeeordinj^- to whieh one elassifies as 
dome.stie sueh animals as are useful to man in 
eonuc*etion with his domestie ])ursuits. In addition, 
the.se animals must reproduee rc'^ularly in c*aptiv- 
ity, and must rc'aet favourably to the* arlific*ial 
methods c)f sc*leetive brec'din** as practised by man. 
This definition exelud<*s sev(*ral animals whieh are 
lamed by man for use in huntinji, sueh as the* 
lerret, the* hawk, the falcon, etc., but whieh do 
not regularly reproduc*e in c-aptivity. Similarly 
the ‘iuim*a-pi'». thouj»h it brc*c*ds in captivity re- 
liularly, is not strictly speaking a domestie animal, 
as it is cd‘ no speeial value in eonneetion with the 
domestic life of man ami. thc-reforc*, the artificial 
mc'thods of animal husbandry are not ajiplied to 
it. Sin-h animals as the canaries, jiarrots, dovc*s 
and •iold-iish, whic*h arc* often kc‘])t as i)c*f.s, are 
classified as tame* rather than domestic- animals. 

.\monj.;st the* V(‘rtebrati*s the* followiim' arc* the* 
true clomc‘sf ic animals : - 

Horse*, donkey, piii'. c-amc*!. llama, aljiac-a. re- 
ind(‘er. shc*c‘p. lioat. buffalo, ox, yak. rabbit. c*at, 
do”-, swan, iluek, yoosc*, fowl, phc‘asant, iiea- 
c-ock, uuiiiea-fowl, iurkc*y, pij.'c'cm and doubtfully 
tlie cKstrich; the last has bcc*n clomc*slicatc‘d diii’inj*' 
Hu* last century only. 

Here it is neec*s.sary to di‘irt*ss to a diseu.ssion 
of the* cpu‘slion of when and wht*rc‘ man appc*ar 
c*d as the dominant animal on the* fac-c* (d‘ the* 
earth. 

The Mc*so/oi(- c*ra from the Triassic to (’rc*tace~ 
ous and lastiim for som(*whc*re in the neij»hbour- 
hood of lot) million years, was the Aij>c* of KeptiU*s. 
This was folio wc‘d by the- Teitiary c*ra, whic*h is 
snpi)oscd to have lasted for about oU million .yc*ars. 
Mammals, duriim- this era, jiained dominance over 
Hie reptiles of the* Tertiary c*ra, and it i.s, thc*re- 
fore, ••(•nerally desijiiiatc'd as the* A}>e of .Mammals. 
The Tertiary era was followed by the (Quaternary, 
and this, aec-m-dino’ to the* earlic*!* idc*as, signified 
Hu* first advent of man on the face* of the earth; 
its ajic*, basc*d on the uranium-l(*ad-helium content, 
is c*om]>uted at about one million yc*ars. d'ill 11109, 
the abe'eve was »c*nerally su])posed to be the date 
cd' Hu* aciveni of Man, but the discovery of the 
diocM'iu* sub-Kc*d Cra^ flint bc*ds cd' the Hramford 
Dawn Man in Hast Anglia, Kimland, shiftc*d back 
this elate into the* Ajic* of Mammals from the* 
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l(‘c into Iho more j^eiiial Tertiary 
era. 

Ace<»r<Iinf4‘ to the traditional or iion-seientifie 
belief the homeland of man was suppo.sed to be 
somewhere in Western Asia, but the Chinese be- 
lieve that they orij^inated in Eastern Asia, in China. 
Quatrefa^es, on the other hand, had su^j^ested 
North Asia and Joseph Leidy (Vntral Asia as the 
original home of man. Matthew in a very remark- 
able essay on Climate ami Evolution (1911) 
brou^dit forward evidenee to show that the centre 
of dispersal of human raee was Central Asia. He 
remarked that in this rej»ion, now barren and 
s])arsely inhabited, are to lie found the remains t»f 
civilizations perhaps more ancient than any of 
whieli we have a record. “ Immediately around 
its borders lie the rej*:ions of the earliest re<*orded 
civilizations -of Chaldea, Asia Minor, and Ef»ypt 
to the westward, of India to the the south, of 
(diina to the east. Erom this rejiion came the 
successive invasions which oversowed Europe in 
prehistoric, (dassical and mediaeval times, each 
tribe pre.ssitij> on the borders of those beyond it 
am! in its turn beinj*' pre.ssed on from behind.’* 
The recent work carried out by Andrews, Osborn 
and their eolleajiues under tlie auspices of the 
American Museum of Natural History has definite- 
ly strenj^t helled the Central Asiatic theory for the 
orifiiii and dispersal of man to other parts of the 
world. 

The Dawn Stone or Eolithii* is to a certain 
extent still shrouded in mystery, but the following*’ 
period, the Palaeolithic or the Old Stone A^e, 
ilefinitely marks the time when man became the 
dominant animal on earth. It is not possible to 
compute the date of the Palaeolithic A|ie, Imt it 
was contemporaneous with the Olacial eimeh.s. 
Durin*? this aj^e man took to const met in^^ more 
or less well designed stone or (lint implements for 
his use. The approximate chronolojjies *of the 
Palaeolithic, Neolithic, (’haleolithic and Bronze 
(’ultures as set out l)y various authorities are 
mainly conjectural and will probably be modified 
j^reatly by future discoveries, but there is no doubt 


about the sequence of these cultures which finally 
culminated in the Age of Iron; in Central Europe 
the Iron Age is dated at about 600 B.C. The 
Neolithic Culture at Anau in Central Turkestan, 
was dated at about 9,000-8,000 B.C. by Pumpelly 
who carried out the investigations, but according 
to (*hristian, it was somewhat later, viz., 5,500 B.C. 
According to Duerst, who worked out the animal 
remains excavated at Anau, the domestication of 
animals in this area started about 8,000 B.C., l)ul 
Christian is inclined to put it between 5,500 and 
4,.500 B.C. The Stoned ’opper Age, which follow 
ed, was believed to have extende<l from 6,000 to 
4,000 B.C., while the (rue Copper Age, according 
to Pum])elly and Duerst lasted from 5,200 to 2,200 
B.C. but according to Christian from 4,000 tt) 
2,500 B.C*. Sir John Marshall regards the (Mial- 
colithic Civilization of the Sind V^alley to be as 
t>ld as .‘1,250 P>.C., which would make It more or 
less contem])oraneous with the Copper .\gc of 
(Vntral Turkestan, Egypt and even of (Vntral 
hhirope. These dates, conjectural as they are, air 
of very great im])ortance in assessing the probable 
dates of <h)mestication of animals. 

In the earlier stages man undoubtedly was ;i 
hunter and lived mainly on fish or fiesh of tin* 
animals which lie hunted. In addition, however, 
probably the women folk and the ehildren eollect 
ed sneh roots and fruits of wild plants as they 
found in the immediate iieighhourhood of their 
(Iwellings. At a somewhat later date, however, 
man took to agriculture in a very primitive I’oriti 
by cutting up and burning trees and brushwood 
over level areas, and, having cleared tlie ground. 
<lug it up with his tools of .stone and sowing .see<ls 
of corn sucli as wheat, maize, etc., started agri 
culture in a very primitive form. The full 
develojmieiit of agriculture was not possible till, 
a.s Hilzheimer rightly assorts, cattle had hecii 
viomesticated, or as Hahn definitely suggests, man 
began using oxen for ploughing his fields. 

Our information in regard to the wanderings 
of the earlier races of man from one j)art of tin 
world to the other is very limited, but there i^ 
very little doubt that the principal races of man 
migrated from (Vntral Asia which has, therefoia . 
been aptly described as the (’radle of Man. Tli* 
lines of migration of the various races have lieci* 
indicated differently by various authorities, am' 
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in the present sin to of our knowledt'o there is 
little likelihood of a unanimity in this eonneetion. 
This imieh, however, is eertain that mij^ratinns 
of various races on a lar^e scale were suhseejuent 
to the domestication of several classes of animals 
by raaii. 

It is not eas^'^ to determine the exaet times and 
centres of domestication of various animals as the 
majority of them were domesticated in prehistoric 
times about which very little information is avail- 
able. In all countries, however, where the re- 
mains (»f oecii])ation by early man have been 
discovered, these are accompanied by the remains 
of domesticated animals. 

One of the earliest civilizations, the old Baby 
Ionian Civilization which is dated at about oJMM) 
B.(‘., shows a fair variety of domestic animals. In 
the case of the Chinese the domestication of ani 
mals, or more coi’rectly animal husbandry, 
started in the year H,bTO B.(\, when the seven- 
teenth kinji of the ninth dynasty, Co-hi by name. 
issu(‘d an edict enjoininj^’ that the six domestic 
animals, viz., liorse, cattle, fowl, ])if*', flo**- ami 
sheep, be carefully tended and bred, which deli 
nitely shows that the.se animals must have been 
domesticated in (^hina loiij*; before this date. 

Biimpelly’s excavalions at Anau in Kussian 
Turke.stan broufjht to li«:ht extensive remains of 
domestic animals, while Ililzheinier has studied 
similar remains from Me.sojmtamia. 

The animal remains of the Sind Valley Civiliza- 
tion from Mohenjo-daro were worked by Sewell 
and those from Harai)pa ami other prehi.storic 
sites by Bra.shad; these confirmed the ])rcsence 
of a largre number ami variety of domesticated 
animals in this valley at .‘ 1,200 B.C., — the date 
of this civilization according’ to Sir John Marshall. 
It must, however, be noted, that, in view of the 
fact that the civilization and domestication of 
animals Wfis already greatly advanced in the Sind 
Valley at this date, the domestication of animals 
in this area must have lonj*; preceded the 3rd 
millenniinri before Christ, the date now generally 
a.ssigned to this civilization. 


The drawings on zinc cylinders and drinking 
cups of the old Babylonian and Syrian times of 
about 4,000 B.C. which depict hunting scenes, 
netting of cattle and keeping them in enclosed 
areas, seem to indicate that by this time these 
primitive nations had already started <lomestica- 
tion of animals. 

In Europe man of the Palaeolithic times al 
ready had a number of domestic animals. In the 
cav(‘s and grottos of PaJaeolithic times numbers 
of i)aintings of various animals including horses 
with primitive bits and saddles have been found. 
The prehistoric Swiss lake dwellers of a much 
later date, who lived in huts built on ])ile.s, alsi> 
had a large variety of dom(‘.stic animals. 

The earlier stages in the domestication of ani- 
mals are very diflieult of interpretation. The 
various theories advanced in this ('oniiection are 
ba.sed on an instinctive attraction of early man 
towards animals in gmieral. In this connection 
it is pertinent to note that jirimitive tribes general- 
ly are very fond of animals, whether wibi or 
domesticated, and are known to keep a fair 
number of them as pets. 

Several authorities believe that the religious 
beliefs of early man nece.ssitated the capture of 
wild animals which he reipiired for olTering on 
the festivals in honour of his primitive gods and 
the harvest feasts. This capture j)robably led to 
laming ami at later date to the domestication of 
animals. According to this view the (*ontrolling 
factor in the domestication of animals was purely 
religious. 

Some authors, however, maintain that the 
practical considerations could not ])ossibly have 
influenced early man to take to domestication 
of animals, for all such practical uses of 
these anmials are ^ the results and not the 
cause of domestication. Early man selected 
instinctively certain wild animals for domestica- 
tion, and strange as it may seem, very few animals 
have been added since that time to the list of 
animals domesticated during the long era of civi- 
lization. This, however, should not be understood 
to mean that early man was in any way cleverer or 
specially gifted than the civilized man of the suc- 
ceeding ages, but it appears that his selection, based 
on instinct, proved to be very jiulicious and inate- 
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riillly iiifliuMK'od the iidvaiico of civilization in the 
succeed in<»' ajjes. Karly man could not possibly 
have realize<l the economic* values of the animals 
which he selected for domestication, for no primi- 
tive intellect, however hii^hly developed, could 
possibly have foreshadowed the ])i*aetieal uses of 
the animals selected for domestication. ITowever 
clever and ingenious early man may have been, 
he could not i)ossibly have foreseen that at some 
later date the cows, floats and shoe]), which he 
was domcsticatinj.*-, would yield .sufficient milk for 
his use after sucklilm- the calves or the kids, for, 
as is well known, the milk yield of the wild cattle, 
fi'oats or sheep, is barely sufficient for their own 
progeny. Similarly, he could not anticipate that 
sheep woidd provide wool for his clothiim', for the 
coat (d‘ the wild she<*p consists mainly <d‘ coarse 
hair and only a few woolly hairs are devedoped 
during the winter. Inter alia it may be mentioned 
that it was the animal skins rather than clothes 
made of tlndr wool or hair which .served as the 
c'overin^' for early man. Similarly, the liorsc 
wliich proved such an important factor in the 
advan(*e of (‘ivilization in the early stajies was 
not what it is today; its projrenitor, the wild 
horse, was a small animal, absolutely usele.ss for 
ridinji- and had only a limited utility as a beast 
of bunbm; it was not the majestic animal it has 
developed into as a result of selective breedinjj^ by 
man. It should thus be clear that the reasons of 
the eai’ly man for keepinj»' animals and later 
domesticatiim them w(‘re entirely different from 
the utilitarian motives which have been a<lvocat- 
ed by some authors as the jirounds for their dome.s- 
tication. Early man was certaiidy at its best in 
the taminj*: of the wolf or jackal cub from which 
evolved the dof»'. Lsinj*' intellectual en<*ourauenient 
in the case of the do^' and later the horse he secur- 
ed for him.self and his succe.ssors two of the mo.st 
useful animal companions or, as Sir Artliur 
Thomson calls them, “ true partners.” in the 
case of sheep and donkey and probaltly j^oat and 
cattle he traded on their docility and probably 
repressibility, while such animals, as the cat and 
ostrich accepted his domination without losing: 


niiich of their wildness. Domestication, as Sir 
Arthur Thomson rif»htly sums up, ” is a lost art, 
implyiiif»: patience, sympathy and insi«:ht — makiiif,^ 
friends with animals, youiiK ones to begin with,” 
and in all the.se (pialities the civilized man of tlie 
presmit age is mui'h the i)oorer as compared to 
the (‘arly man. 

Another line of thought is based on the fact 
that all ])rimitive tribes are fond of keeping animal 
pets. It is, therefore, suggested that early man 
took to keeping as pets such animals as he came 
across during his hunting expeditions ami 
excursions. This certaiidy appears to be the 
#*xp!anation of Imw' the ancestor of dog became 
a companion of early man and later developed 
ini') his first domesticated animal. In this 
connection it is al.so iicrtinent to mention that 
wibl animals in areas not frequented or only 
.slightly frequented by man are not shy or afraid 
of him, and it could not, therefore, have been 
very difficult for early man lo capture someoftheiii 
and adopt them as his pets. In connection will) 
this line of thought the supreme influence of early 
woman cannot be ignored. She was c<*rtainly the 
temler foster mother of the hel])l(*ss, lovable 
young beasts of tin* forest. Even within ree(*nt 
times among some of tin* primitive trilu's of 
Oceania fin* women folk have* known to suckle 
young pigs and other pets on their own bnsisls- 
indicaling the ])ossible trend of the early d:iys 
in the taming of such animals. 

One of the mosi carefully worked out theories 
in connection wdth the domestication of animals 
is that of Miicke, wdio after discussing the ideas 
of earlier authors such as Kauber, Hahn, <te.. 
conies to the conclusion that wild animals, which 
were neither hostile to nor shy of early man. 
were attractc'l to his dwellings probably by the 
greater (piantity of food available in such sur 
roumlings. In this connection he very rightlv 
opine.s that there can be no (juestion of eaijy. man 
siiri'ounding large herds of wild aidmals and dri\ 
ing them to his dwellings, but that the animals 
came of their own free will to such areas. Karly 
man was pleased ttt these new arrivals and rc<*eivc*l 
these animals as his guests; they grailually be 
gau lo lead a symbiotic life with him. He, hov'- 
ever, found that in spite of all care the wihi 
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aiiiiujils strayed away into the junolos from time 
to time. This led to Ids enelosiii^- them in corrals 
or enclosures imd thereby haviii**- them at hand 
as ho re(iiiirod lliom. Apparently the main ra<*- 
tor which hel])od in connection with the earlii-r 
taming and domestication of animals was supplying 
them with such food as the animals re(|uirc<l and 
this involved the collection of food by man imt <»rdy 
for himself but also for the animals he }ia<l cap- 
tured. At this sta^e of his evolution, early man 
had lonj4’ pa.ssed the huntinji- sta»e and had gra- 
dually liecome prindtive agriculturist, haviim 
passed throujih the “ ^atheriii^- ” sta^e. and was 
probably a ve^etai’ian to a larjic extent liviim <>n 
T'oots, ])lants and such varieti<‘s of corn as he 
‘•row in his primitive fields. Miickc cont<‘nds 
that domestication could not have lieen accom- 
plished by peoide in the hnntiim- sta«(‘ and that 
in the earlier times the bri'cders (»f cal lb* and the 
cultivators of soil were two sci>ai*ati' entities. Il(‘ 
further sujijicsts that the wild animals probably 
lirst <‘am(‘ to the dwellinjis of primitive man in 
(piest of food, thereby infci‘rin»* that these pco 
pie ajiri(*ulturists, for as Duerst rijihtiN 

points out, 1 ‘uminants like oxen and slicc'p could 
ii(»t have been attractc<l by meat, fish or <*ther 
products of the hunting and lishiim life, (’onsc- 
uucntly Duerst is of the opinion that the auri- 
<'ultural sta^'c of human dcvelopimuit must have 
preceded that of cattle breeders. Tlurnyh it is 
impossibb‘ to <lo«»matize about the (‘xact sequence 
of events, one would not be wroim iu prcsuminii 
that, whereas in the earlier stajies lu-imilivc agri- 
culture may have antedated domcsiication of ani 
mals, its furtluu’ developnumt was mit possible 
without domestic animals. 

More recent authors <lescribe the early stages ol 
domestication as havin<»- re.sulled from a symbiosis 
or the living*- toj^ether of early man ami certain 
'iiiimals, eacJi beiii^- useful to the other in .sonu* 
ways, but neither beinj*- entirely de]n‘mlent on the 
other. Duerst, however, pointed out that symbio- 
tic condition of life was ])ossible only in the case 
of animal pets of early man and not of those 
■inimals which he took u]) for domestication. 


For the latter the various stage's consisted iri (i) 
capture, and (ii) tamiim' of the animals; wliHe the 
final stajic of domestication was achievecl only 
after tlie tame animals be^an to reproduce in 
captivity. This led to the development of ani- 
mal husbandry in its true sense. Inter alia it may 
be mentioned that most wild animals do not 
breed in captivity ^and it. must have due to 
fortuitous circumstances, as mie eannot ascrilu* 
it to 1h(‘ astuteness of early man, that all the 
animals selected by him for domestication were 
such as took (*asily to br<‘cdinji- in captivity. 

As mentioned above, the earliest (Munpaiiion <)f 
man was the (h>^'. Its projicnitor, the jackal or 
wolf cub w;is found by tlu‘ hunt ini*' man during 
his expeditions and brought home with him. 
The various rac(‘s of doji’, which are of mixed 
oritiin. are to be ti*ace<l t«» the jackal and the wolf, 
and arc tin* result of careful ami seb‘cllve brecd- 
inji by man from tiiese anci^stors. There was no 
economical considerati(»n iiivolvecl in the domesti- 
cation of doj», but it |>roved to be (‘ai’ly man’s 
most useful (Munpaniou; with its hijihly develo])- 
<‘•1 brain ami int(‘Miji‘cm'(‘ it prov(‘rl its utility 
i‘Vt‘n to the early man as the jiuardian of his 
household and j»m)ds, and was most useful for 
huntinii and other similar i>ursuits. The first 
useful domestic aninials of the Fastern Hemis- 
phere were uuiloubtcdly the cattle and these were 
foll(»wed by jioats ami sheep as the earlim* meat 
and milk-yit‘ldini' animals, ’flu* first animal lor 
tr;»nsp<irt was the dtudvcy, which was followed 
by the camel and later the horse, in the earlier 
staues all of them sei’ved for transp<»rt ami it was 
much later that they wen* adaptt‘il for i*idini‘’. 
With the cattle we hav(‘ also to iiiclmle the 
reindeer which in the noi-thern counti’ies of the 
We.stern Ilcmisplu'rc and in America is of such 
vital importance* to the Mskimos and oth(*r tribes 
livinji in tlH*se ice cov(*red r(*;-'ions. The only 
mammal, which was elomesticat(*<l solely for its 
lh*sh, was the piji’. All these* animals with the* 
e-xcej)tion of the* i‘e*imle‘e*r, oce-ur in the (’e*tetral 
Asiatic plain, and it was, the*rcfore‘, jicncrally be- 
lieve*el that t.lu*y were ]»robably elomcst icatcei 
there. Hahn de*nnilely limits this centre to the 
e'ountry be'twe'cn the Fu])hrate's ami the Tijiris 
be., Me*sope)taniia. On the* e)the*r hand, the me)re 
re‘('ent elisceiverie's of animal remains at Anaii in 
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Russian Turkosfaii and in tlio Indus \’all<\v indi- 
eate that tlii.s cuntrc of origin was nincli larj^oi* 
and prohably extended from eentral Turkestan 
thronjili Persia, Mesopotamia and Ikduehistan to 
the Sind Valley. 

The earl.y history of Imlia is shrouded in 
mystery and liefore the advent of tlie (bpper 
Stone Ai»e or tlie Vhaleolithie Pivilizalion of the 
Indus Valley diseovered in 192^.1, it he^an with the 
times when the Aryans mij»:rated to India. Tlie 
exaet date of the Aryan advent is not known 
aeeoi’diim to some authorities it was <inrinj'- the 
latter half of 2n I millennium l». i\, while others 
plaee it at a mueh later ami impo.ssihle date, 
VIZ., about (iOO l». (’. Prior to tlie Aryans there 
were the Dravidian-speakinj' iidiabitants of 
India w'ho also were invaders from outside and 
who, after overeominj* the aborij*inal Proto- 
Australoid inhabitants of India eoneent rated in 
the eentral and southern parts of the Indian 
Peninsula. As to their aneesiry, invasion, and 
oeenpation of India W(‘ Jiave very little in forma 
lion, but probably they, in their turn, eame from 
somewhere in Western Asia, thoip»h aeeorvliny: to 
the beliefs of a primitive tribe they were de.seend- 
ed “ from a jierson who at the dawn of time 
landed from an impo.ssihle boat on the shores 
of a liij^hly improbable sea." If this is eorreel, 
they eame to India by a sea nuite and not as the 
Aryans did at a later date, over the Himalayan 
passes to the fertile ])lains of India. 

The Indus N'alley (dvilization, whieli was 
apparently preei'ded by a Neolitiiie eulture, was 
probably an offshoot of a larger eulture whieh 
manifested itself alon**- the Afrasian belt of 
Western Persia and Mesopotamia in the Chaleo- 
lithic! Aj?e. Mainly centred in Sind, whieh was 
a mueh more fertile rej»ioii than it is today, this 
eulture extended in the west to Haluehistan and 
throu^di the Punjab probably noi'th-eastwards 
into the valleys of the Jumna and the Hanj^es. 

The human remains found at Mohenjo-daro 
have been classified as belonjiinf? to four ethnic 
types, tin* Proto- Australoid, Mediterranean, 


MoiiRoloid-Alpine and Alpine. The Proto- Austra- 
loids, probalily the earliest human inhabitants of 
India, were relicts of the earlier inhabitants, the 
Mediterranean Rej»ion and Western Asia, while 
the Al[)ine and the Mongoloid- Alpines mif^rated 
into India from Western and Kastern Asia res- 
pectively. 1’he (piestion that has to lie considered 
is whether the proi^enitors of the Jndus Valley 
Civilization were of the Dravidiaii stock, in view 
of the fact that the Sumerians, with whom they 
show .such Intimate relations, are believed by sonu* 
authorities to belonj* to the same ethnic type as 
the Dravidians. The iiresenee of the Dravidians 
in I he northern rej^ions in remote a^es is indicated 
by the lan^ua^e of the llrahuis of BaUiehislan, 
but the main <litT[ieulty of the ])roblem lies in the 
fact that it is not jiossible to <lefine precisely the 
racial type either of the Sumerians or of the 
Dravidians, both of whieh certainly re|)resent 
several mixed ty])es. Purther, it is possible that 
the orif»inal racial type of the Dravidians was 
transformed by their intermarriage with Hu* 
aborifiinal Indians, the Proto-Australoids. In 
either ease, whether they mijj;rated from the West 
to the Kasi or the East to the West, none of 
the skulls diseover(*d at Mohenjo-daro have been 
Identified positively either as Sumerian or Dravi- 
dlan. Several references in the Ki^veda to a 
non-Aryan civilization point to a distinct ethnic 
type beinj*’ resiionsible foi* the Indus Valley Pivili- 
zatimi. This supjiosition fits in with the now 
generally accepted view of the date of tlu' 
Kij^veda beinj*- not later than ca. 2(M)() 1>.(\ 

Our information in rej^mrd to the history, life 
and domestic animals of the Proto Australoids, tlu* 
Dravidians and even the earlier Aryans is very 
mea»:re; all of them were apparently nomadic 
l)e«)ple and as very few material monuments of 
their times have so far been diseovered in an> 
part of India, the only sources of the history of 
these times are the V^edas and other Sanskrit 
works. In ref»ard to the Proto-Australoids, there 
is the possibility of their having* do^- as a domes- 
tic animal. The early inhabitants of Australi:i 
who probably beloiij^ed to the same stock as the 
Proto-Australoids of India, took with them tlu 
Dinjyo or the Australian doft from the Asiatic 
eontiueut; this seems to indicate that the Prolo 
Australoids had domesticated dojj at a very eail' 
afre. 
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As statod abovt* very little iiil'oriiiatioii is 
available regardinf? the doniestie animals ot* the 
other two elasses of inhabitants, viz., the Dravi 
dians and the early Aryans, but excavations at 
I wo of the important sites of the Indus Valley 
Civilization, viz., Mohenjo-daro and Harappa, 
have brouj^lil forth a very I'ieh harvest of animal 
remains. The remains from iMohenjo-daro were 
studied by Id. (\)1. R. B. Seymour Sewell, F. R. S.. 
and those from TTarai)pa by the author. Thes<‘ 
studies, ineom])lete as they are, have thniwn a 
ureat deal of lij»:ht on the various elasses of domes- 
ti<‘ animals found at the time of tlie Tmlus Valley 
Civilization. Our sources of information in c()niu‘e- 
tion with such animals are twofold: ( 1) the actual 
bony remains, and (2) the representations of 
various animals on seals and other objects such 
as terra cotta figurines and models e.vcavated from 
these sites. As the animal remains excavated both 
at Molienjo-daro and Harappa were nut obtained 
in sharply marke<i off strata or in successions at n*- 
latively distinct dejiths, it is impossible to construct 
a hy])otlietical s(‘(piein‘e for the atipearance of the 
various species of animals such as was attemt)t(Ml 
l)y Duerst for tlu* C(‘ntral Asiatic foimis excavat 
ed at .Vnau. There seems little <loubt, however, 
that of the various domestic' animals found in 
the Indus N’alley sites several are probably the 
descendants of the very rich mammalian Siwalik 
Fauna of the Indian Tertiaries. For example, the 
Indian camel and bulfalo are so closely allied to 
tlu* Siwalik forms tlmt their ancestry canimt be 
doubted, while most recent authorities are also 
a^ireed that the Indian humped cattle and the 
short -horned cattle fouinl in the area are the 
<l(‘scendants of the Siwalik i\cr])ud<lah t)x. 

My views in regard to the various tyi>es of 
<loinestie animals, which have been found at 
Harappa, may be summarized as follows: - 

Cat, Sir John Marshall staled that Ihe cat 
was not known to the inhabitants of the Sind 
Valley, as no remains of this animal were found 
at Mohenjo-daro. In the (collection of animal 
• emains from Harappa, however, there are a 


number of bones of the cat excavated at depths 
of .T 10" to f)'. These remains are well preserved 
and appear to be fairly ancient. Thoiij^h it would 
be rash to assij^n them definitely to any particular 
ajic, I am of o])iiiion that they a?*e ('ontemporaii- 
<‘ous with other animal remains found at Harappa. 
There is a {’•eneral consensus (d' opinion that the 
ancestor of the domestic cat was tlu‘ African 
I'dis ocreata riiuelin, and the Indian domestic cat 
which is to be derived from this ancestral form, was 
imported info India probably with such other 
dome.stic animals as the donkey. 

Dog. Sir flohn Marshall tVom the terra cotta 
tijiures (d‘ the doj^ and a finely carvetl steatite 
tif^ure of a hound (‘Xcavated at Mohenjo-daro con- 
clud(‘d that there wcn‘ probably two distinct types 
of do“ domesticated by the Indus people: (Da 
type akin to the Pariah, and (2) a more highly 
bred do**- allied to the modeim mastiff. The only 
remains of Ihe do»i- from Harappa are the bones 
of a dof* of the greyhound-type, with an elongat- 
ed snout. 1 consider this type to be allied to Canis 
ictiggearauiis Kohlbnm^e. which had a wide dis- 
tribution in the Orieidal Renion in the Diluvial 
times, and was the ancc'stor of the Pariah doj;. 
Through domestication by man the greyhound, the 
Tib(‘t do» and probably othei* races of do«‘ were 
evolved from it. The Harappa doj^', for which 1. 
have jiroposed the name C. /enggeranus race 
harappemis, shows in the shajH* of its skull, dis 
tinci affinities with the Indian wolf, C. pallipes, 
and so far as can be inferred from the scanty 
remains available, it was probably the ancestral 
form of the Indian re, y hound. The doj^ was ajipar- 
ently doniesticat(*d in the Jndus Valley at a 
firstly (‘arly date. 

Ass. I considei* the domestic ass, the remains 
of whieh have been found at Harappa, in view 
of its close relationship with the African species, 
to have been imported to the Indus Valley from 
.\frica, jirobably alonji; .Jacobi’s Arabian and Per- 
sian Region of Dispersal. 

Ox. Two types of cattle- the humped (Zebu) 
and the humide.ss — can be dislinj»uished in the 
representations on seals and other objects found 
at Mohenjo-daro and Harappa. I aji:ree with 
Duerst that the short-horned, humpless type orig:i 
nated as a result of the decline of cattle-breed - 
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jrij; it) the \';)ll<*y rroui I In* loHM-lKwrK'd, 

Hinl is iu)l to he coiisidoiTd as a !H*\v ra<*<‘ 
whicli was iitipoi'lcjl tVoin <Hitsi(lo. Tlu* loiiii 
Iioi'IHhI liiiiiijx'd ('ill tlu I ('()iisid(‘i' to be tin* d(‘S(*uii- 
da Ills of Bos namadiais KalcoiMM* and its (‘arliur 
pro}j:(‘iiito)* B. primigcnius Kiiliincyc'i* of lli(‘ Siwalik 
Fantia. 

BuUalo. There is a lieiieral eoiisensus of o])i- 
niori that the Indian biirialo is the direct linejd 
deseeiidaiit <d' tin* “i^.aiitie Buhalus palaemiclicus 
Faleoin‘i‘, of the IMioeern* .\i»e, and I ani ot‘ opi- 
nion th<Mt one of the e(‘ntr(‘s, if not tlie sole centre, 
of its domestication in India wjis tin* Sind Viilley. 
rnfortun.alely vei'y few remains (d‘ this animal 
were recovered iVom either Moh(*njo-djiro or 
H.ariippji, but <‘ven with this material there can 
be no <loubt tlmt this animal, as Sir John Mar 
shall also snjijicsts, had been ilomestie<*il(‘d by tin* 
Indus \’{dley inludtitants. 

Coals. The iiiH'eslry of the Indian <lomesti<' 
<»-oats is soiiK'what uneerltiin, but they ejin provi- 
sionally b(‘ ('(Uisiden'd jis deriv(*d rrom tin* 
rasiina' Capia acgagius (biielin, ami ])rob;il)ly tin* 
inhal)ilants of the Indus N'.alley played an iiii 
poi'taiit part in the donn'stieation of this animal. 

5/iccp. With our pres(*nl kimwledjic oT the 
donn'stif'alion (d' tin* she(*p it is not po.ssibb* to 
doj»matiz(* about the oi*i«iin of the various races 
of tin* Indian s}n*ep, but the Trial, Ovis vignci 
Ulyth the ran^(* of \\hi<-h extends to the Imius 
Vadey, is in’obably tin* aimestor of the lomesti<' 
shoe]) found at Mohenjo-daro ami llara])])a. 

/^Ig. Tin* Imlian piy, crislalns Wa,i»in*r, 

which is closely allie<l to the widely distributed 
species 5. villains Miillei- & Sehlejicl, was ])robably 
derive)] from the v//tfi/iis-stoek. The domestic 
piji' found in tin* Indus Valley may have been 
<lomestieated IVom the wihl b))ar common in this 
area or mi.nht have been imi)ort)')l fi*om tin* 
adjacent regions. 

Camel, 'rin* Indian one-humpe«l camel is un 
)l(Uibtedly the descendant of the Siwalik fossil 
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form, C. sivalensis Faleoner and (‘aiitlcy, and there 
seems every reason to suppose that the domesth 
cation of this animal was first liroujiht about in 
India and proliably in the Indus Vall(*y. 

Illanford writinji; in IS77 remarke<l, “ It has 
huip: bei'ii known that W(* are pro)>al)ly indebted to 
the early inhabitants of India for two domestic, 
animals, the buffalo and the pi^aeoek; the orii^in 
of the hump(‘d cattle is obseun*, and the common 
fowl apiK*ars to be descendant of the llurmese and 
not of the Indian race of the wild fowl.” 
Jeitteles, howt‘ver, su^^ested that some of the most 
valued ra('es of Kuropean doj*s an* of Indian ori 
(•in. in view of the recent diseovei*ies rejiardinj* 
the <loni(*slic animals of the Imius Valley Tivili- 
zation it would not be far wron**- to considei* 
India as havin» been a very important if not the 
sole eeidre foi* the donu'stieation not tuily <d‘ the 
bulTalo, but also the doj»', the ('at lie, the sheep, 
the fioat and the eamel. 

In eonelusi)))) it is sa)l to note that in India 
very littb* attention has so far be(‘n pai<l m* is 
bt*in»- pai)l to the study (d* domesti)* animals. In 
spite of Hu* .i>n*at deal of atleiilion which animal 
husbandry has attracted within ro'cnt yeai’s, mir 
inbmmation in n'^ard to tin* various indijicmms 
bi*(‘(*<ls of eatth*. shet*]), i^oats, horses, do^s, el)* . 
is very limite)!. I’ntil deljiiled inf))rmati)»n «»ii 
these points is availabb*, the nniservat ion ami 
breedin**' of pure rju'cs ))f any one )>f ihest* animals 
is out ))f (pK'sti))!!. Let us ho])e that as a result 
of till* keen inli'rest which llis Kxeellem'.v I hi* 
Vi<'eroy takes in the progress ))f a‘*ri)'ultuj*)‘ and 
alliol pi*))l)b*ms, animal husbandry will re)')*ive the 
attention that it merits. K))r the a)lvane)‘ment 
)»f human eidture .iiid eivilizjititui, dom(‘sti)'ati)>n 
of animals was of just as »reat imp))rtan)M‘ in 
the earlier staj^es as tin* disc'overy ))l steaiii ])))wer 
and electricity at a later date, while bu* a primaril\ 
agrieultui*al e))untry such as India the ini])))rtan)'e. 
even at the jUTseut day, of the domestic animals 
in re«>ard to aj»Ticulture and the <i(‘neral life )>l 
the peoi)le cannot lie )»vereslimat(‘d.* 


Jah'Iuic flelivLTril at Allalial)aU <>ii llic ociasioii «a tli' 
(;ol(len Jubilee of the Allahabad riiiversity. 

Jlfi 
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Wt ;ir(‘ rortininU* to luivp in our midst this 
jiftornooii Sir Art her Stanley K<l<iiiiu1ou. oiu* of 
the .uri*at(*st liviiij^' sci<Mitisls of llu* prcsc'iit limrs. 
Tlu* aiU‘it‘Ul city of Allaliahad — PrayajU' of <‘]»ir 
uaiiu* \vhi('}i tlourislird (*v(‘n in 12()()() l». ('. wlipii 
\’cdas wprr composed, is famous for its Saiijiam 
t»r <*<mflupn(H* of two mighty rivers tlu* <lan»('s 
and tlu* Jumna. Tin* comhined waters (d‘ the tw«» 
streams tlien rush on tlirou”)) tin* (lan^etie plane 
!(» tin* l»ay of M(*n^al fertili/ifij^ vast traets of 
land and providing- food and happiness to millions. 
It is in the fitness of thinjis that tin* aneient eity 
of two rivers should wele<»me the eminent seientist 
in whom two important l)i*anelu‘s of Unowledjie - 
physics and a:;tionomy have <‘oiid)ine<l with such 
hap])y ami fruitful r<*sults in unfoldin*;' the mys- 
teries (d’ the ruiv<‘rse. Indeed it is hardly 
m‘ee(‘ssai*y t<» mention that Sii* .\?‘thur lvldin.j.»ton 
is om* of the foremost astrophysicists of modern 
tim(‘s. 

Karly Career 

After a \ery dist in»uislu*d <*ai'eer at (’am 
Ivhliiiiiton was appointed (diief assistant 
at tin* Koyal ( )l)servatoJ‘y at (Ireenwich in HUMi. 
tW(» years after he Inul jLiianluate^l as scirn»r wranu 
ler. lie remaine<l at ( Ireenwich till IDIJ when, 
at the youn^- ajic of Jl. he was ai)]>ointe<l I'lumian 
Ih-ofcs.soi* of Astronomy at the Cainhrid^e I'niver- 
sity in suee(*ssion to Sir (ieoi'^e Darwin. I ln*nl 
the ])rivile;ie of hein** one of his pupils at (am 
ln'idw-e. in nils, my fi’ieml. Dr S. .N. Savoor, and 
I used t«> ji'o to the ol)s(‘]‘vatt»ry at ni^ht and w<»rk 
there under l*rofe.s.si)r ^ddin^toii. I rememl»<*r 
that duriii}^- the Kaster teiaii (d' the same year, we 
•dteuded a eourst* o1‘ Iee1ur(*s <in “ ( lenerali/.ed 
Relativity ” which he Jiave for the tirst time, and 
these were, I helieVe, the first le( tures on (lenerali/.- 
'■d Relativity in Knj>laii(l. 

U7 


To form an I'stimate of 10<ldini*to») ’s coidrihu- 
tiims is no ea.\v niaftei’. There is hardly an^ lyranch 
of astronomy and astroph}fsics ivhicJi he has not touched 
and whatever he has touched he has left in a much fuller 
stale. When he stalled his invest i.yat ions, now 
m‘arly -id years a**!), ast ro])hysical knowledge was 
rather in a confused stale. .\st ronmners knew 
about the (‘\t(‘nt of the Solar System and w(*re 
also awar(* of the fact that tin* sun was oidy (»ne <d* 
hillious of stars formiii”- the Milky Way. The 
distam*es of a number t)f near»‘r stars in the Milky 
Way were known, hut there was no preidse idea 
re^ardinji the composition, e.xteni, and dimensions 
<d‘ tin* Milky Way. 'I'he relations of the Milky 
Way to other promineid galaxies and star •'roups 
like Amlromeda nebula and Maiiellanic clouds was 
entirely unknown, in fact, the ••eo^raphy of tin* 
heavens was still in its infancy. 

< hi the physical sid(‘, thanks to the discovery of 
spectrum analysis by Kirchoff in IS.IS. the new 
science of astrophysics has ^rown up, which has 
lor its ob.jert tlu* investigations of tin* ])hysical 
state of stars trom a study of their specti’a. An 
extensive study was made of the spectra of stars 
and some conclusions were <lrawn therefrom r(*- 
uardiim their composition and temperature, but 
the star was still reuard(*d as a iliffuse mass of 
•»as hehl toiicther by only “ravitatit>nal forces and 
a])j>earino on account of distance as a iin*re imint 
of li.uht. It was at this sta.ue that Kddinyton 
<*ntere<l the field id’ invest iiiat ion. 

Karly Studies of Stellar System 

'rhe Dutch astronomer, Kapteyn, had sufijiested 
from the proper motions of tin* n(*arer stars that 
then* wt*re two favoured directions in which tin* 
stars wt*re streaming. Kddinjiton carried out 
independeut invest i:jat ions and found that stars 
wi*re not wayward children of a pareid nebula 
havino random motions, but w(*re more or less 
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moving’ in two distincl diroolions. H(‘ hIso I'oiind 
tlial then* whs h tliird small drill of much less 
im])orlaticc than the other two. In 1914. Kdclinju- 
ton wrote his hook, Stcllw Movement and Structure 
of the Universe. It is well known tlial since then 
the suii.ject of the exploration of the rniverse has 
made very sul)s1antial projiress due to the works 
of Shat)ley, Lundmark, Lindhlad, and Oort. The 
Milky Way to whieh we heloim' has hecn found 
to he a len.s-shap(‘d body about dO.UOO ]>arsees in 
<iiameter and X.oOO parsecs in thickness. The 
Solar System is about lt),t)0() parsecs away from 
the centre. The Milky Way has b<‘en found to 
be revtdviim' about an axis dircided tciwards a 
IHtint in the Sagittarius Star <doud with a period 
of ‘JXIO^ years. Kddinjiton ’s early studies sub- 
stantially 1iel])cd us in the attainment of the 
lYresent knowUMl.u'e. 

Internal Constitution of Stars 

The ])roblem of the e<(uililn‘ium of stars as 
jraseous masses under jiravitational forces and 
obeyinji’ jierfecl ^as laws was stiulied extensively 
by Kmden early in the pr<‘scnt century, but his 
investigations failed to I’cceive observational con- 
firmation owinjr to the ne^le(*t of physical factor 
destin(‘d to play a jrreat part in Stdar Pliysics. 
Kddiimton was tin* first to a])])n‘ciate the import- 
ance of radiation jiressure in the stellar structure, 
and this enabled him to lay the correct foundations 
of the internal constitution of .stars, hkldiimton 
showeil that the iiroblem (d' stars could be handbsl 
pi\»])erly only if a number of physical factors 
which had .so far been iyiu>rc<l by the mathemati- 
cians wer(‘ included. These are ( 1 ) the pre.ssure 
of liyht which, though very small umler ordinary 
conditions, beconu's larj»e at the hijnh temperature 
prevailiim in the inside of stars. (2) the epuation 
of Uadiativc h](|uilil)rium involvinji tlu* opacity 
factor, i.e., the capacity of mattei' to allow radia- 
tion to How through them. But with reasonalde 
assumptions, K(hlin«ton was able to work out 
results rejianlinf*- the relation between mass and 
luminosity of stars, which still holds the Held b»r 
the main .seipience of stars. 

In the ca.se i)f ‘*iant stai's. he was able to form 
an estimate of density, and thus of the si/.e of thc.se 
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stars. Tp to this time, their diameters could not 
be measured. But in 1921, Michelson and Pea.se, 
with the aid of the IO(l"-telescoi)e of Mount 
Wilson Solar Observatory W(‘re al)le to measure the 
diameter of the red }.»ianl Betel^emse in the Orion 
j^roii]). It was found that it had dimensions which 
were predicted by Bddiimton. 

Kddiimton’s contributions to stellar structure 
have not, however, ;j:one unchallenj^ed. His as- 
.snm])tion.s rej.iardin^^ validity of the ecpiation of 
state, o])acity factor, and boundary conditions, and 
his i^iiorinjn* the int(‘rnal source of energy have 
been matters of acute controversy between himself 
and deans, Milne, Nern.st ami others. But the.se 
controversies hav(‘ raised points about which wi<h' 
<Iiver»<‘nc(‘ of opinion still prevails and for precise 
information, perhaps we have still to wait for 
further developments in phy.si<'S. But Kddiimton 
will always be rememb(‘red as the pioneer who 
started this line of invest ij^ation. 

Wliite Dwarfs 

hkhliimton was the first to point out the 
existence of the remarkable stars now known as 
White Dwarfs, wluu'c matter may be 100, QUO times 
dcn.ser than water. This was obtained from a 
study of tlie dark com])anion of Sirius, which has 
a lar^'c mass, but a V(‘ry small lumim^sity and ;i 
very hij»h tcanperaturc. All thes(‘ taken to«»(‘tlier, 
as Bddin^ton showed, point to an cxtraordinar> 
I'onclusion, viz., matter in tins star is 1)0,000 times 
den.sei' than water and d,000 limes denser tlian 
platinum, the densest material known to us on tlie 
earth. The hy])othesis was put on a sure bmnd- 
ation when Adams in 1920 found that 77 dims on 
this .star were .sliifted )»y a very la amouni 
c(pn\..Ient to 19 Km ])er second towards the red, 
as preelicted by Kdtlinjiton uii tlie basis of I’on 
stein’s theory of lUdativity. 

The discovery of White Dwarfs, and of the 
possibility of the e.xistence of matter in an 
extraordinarily hijih state of conden.satibn aie 
events of outstandiim im])ortance in ])hysics. Maii> 
youny: workiu-s of our (ountry are now carryin - 
on investigations on this line amongst whom I 
woubi mention ( ’handrasekhar who has worked "'i 
the ileyeneratc state of mattei^ insidi* stars, an'! 
Kothai’i and Ma.jumdar who have deveIo]MMl 
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thc<»i*y oi’ piTSSuiv-ionizntioii insulo those* Ixxiios. 
Tlioy have thus oan’iod furl hoi* the* wiirk startod 
hy Kddiuston. 

Coefficient of Opacity 

hjddi!ij»t(Mi oonsieloroil for a luimlior of yoars 
as to how the brijihiness of slar would bo alToolod 
by tho opacity its inatorial. Kor sovoral yoars 
lio was uiisucoossful iu tho numerical value 

of tho absor[)tiun coofticiont. Ho wen-kod out tho 
theoretical formula oxprossinjj: tho lau\of depond- 
onco of absolute maj>nitudcs of a star on its mass, 
but it was necessary to know one pair of oorros- 
pcnidin'*' values in order to anchor tho formula so 
that the oooflicieni could bo numerically found. 
I'llimatoly ('a|)olla, wliich is the only ^iant star 
for which both the mass and luminosity are known, 
sui)|)liod tho clue. Kddinyton thus obtained a 
valiu* for the cooflioieiit of opacity whi(di however 
does not aj^roo with the theoretically deduced 
formula hy Kramers, llowovoi* this matter has 
not yet lioon definitely settled, Moreovei* Kolhari 
and Majumdar liave shown that the cooflicient of 
(»pacity eannol be constant. 

Generalized Theory of Relativity 

Kddini*t()n ’s attention was first. <lrawn to 
Hiiistein’s theory of Welalivily by Do SitterV three 
paiiers in the Notices in He then 

made a systematic stu<ly of the theory ami was (irst 
to draw public attention tt» tlie fact that the theory 
could lie tested 1)y ohservinj*- the «lelh‘ction of rays 
of liylit from a star whieli would ‘«i'a/e tin* sim at 
the time of solar eeliyise. In 1919, hkhlin^ton 
himself led one of the first two (*elipse expeditions 
which were sent tint to test l*]instein's theory and 
was the first to obtain observational e<mlirmation 
of the gravitational delleetioii of lif»ht. On the 
purely theoretical side, Kddinj'ton has ficneralized 
Weyl’s unilied theory of the eb'ctro-majiiietie and 
«:ravilati()iiaJ fields. He has develojied consider- 
ably the theory of Relativity and his researches and 
elforts have stimulated considerably the study oX 
the theory of Relativity. 

Kddinjrton is responsible for uivinj*' wide eir 
dilation to he Mail re's papers re»ardin«’ the ex- 
pansioii of the Tni verse and in fact showed that 


the Einstein Tni verse is an unstable one and that 
a slight disturbance will cause the I'ni verse (‘it her 
to expand or to contract. 

be Maitre et)nelu(h‘s from tin* red shift of 
spectral lines in the lij.'ht receive. 1 fi*om »listanf 
nebulae that tho jialaxies are rt'eedinj.; with velo- 
cities proportional to their «listances from us and 
the Tniverse is ex])andinji:. Rut one may reason- 
ably ask, what will happen when the vt'locity of 
reee.ssion becomes erpial to that id' lifiht Perhaps 
Hie bubble of the rniverse will hurst, and the 
different iiieees will form separate universes i*e- 
eedin**- from one another with velocity greater than 
that of li“ht. and no lijiht would he able to ])ass 
from one piece to another. Ayain, can we think 
of “ Void ” apart from “ Space," so that the 
riiiver.se which now pervailes “ Space " is expand- 
ing!: ill ^ Void ’? IVi-haps we may differentiate 
lielween “ Void " and “ Space " hy poslnlalin^ 
that in " Space " } 4 eometri(*al laws hold ^tiod, 
whereas in “ \’oid " no sueli laws are ])ossil)le. 

Kddiimton lias ealeiilated that the I’ni verse* is 
donblin*!: itself in every 1400 million years. At 
such a rate tlu* distance's of the sjiiral nebulae 
would have increased 7 times over in every 10,000 
million years, and they would become fainter by 
ten maunitudes. If this be actually the ease, we 
are very fortunate that we are still able to see 
remote ext raj»a lactic nehidae. Put we have to 
admit that “ time scab's of cosmic evolution are at 
lireseni hopeb'ssly eoni radietory, " for the ^co- 
lonists require a time scale for ehaniics on tho 
Earth's crust which is much larger than 1,400 
million years. So naturally a reasonable doubt 
may ari.se as to whether the red.h'nin^- of rmhi 
from ne})iilae can correctly be interpreted as a 
velocity of recession. It has been snujicsted that 
the red shift is caused by the loss of enerjiy in tho 
])holon in the course of time due either to inherent 
instability or some cause, viz., collisions with other 
pbolon.s. It has also been sipi^ested that the 
l'niver.se mi^dit have been oseillatinj! for a suffi- 
eieiitly loim' time and that at the pn*sent moment 
it is in the process of expansion. Recently there 
has been a j^ood deal of discussion between Eddiiij!,- 
ton and Hubble eoneernin«- the tenability of the 
theory of Expanding’ rniver.se. I feel that the 
l>oint is still undecided, and shonhl not make any 
observations on this eoniroversy. 


419 


Vol. III. No. 8 
FEBRUARY 1988 



SIR ARTHUR STANLEY t-J)DINGTON 

lUM'cMitly tlu- <lcn(*r;il Theory of Ucljitivity lias 
Ix't'ii [)Ul to a vrry srvcrc h st. Dr Kvn*slii*<l, from 
fiis olisrrvations, lias comk* to the com'hision that 
“ in tlu‘ rr<], lln* limi) rflVrl is nearly e(|iial (o the 
Diiistein efTeel,” i.e., the total shift at llu* limh of 
the snn is prohalily Iwiix* the Kiiistein elTeet. As 
eonsei|iu*nee of oliserval ions made at the last 
eelipse expedition, Di*. Koyds has found that there 
is deeiiledly a markiMl and progressive in<*rease in 
the shift from the eentre of the snn towards the 
<‘d<'‘(‘. I may rntmtion here* that Sidaiman has 
dediieed a formula from his tluMiry which Jiives a 
projiressive increase in the shift from the centn* 
towards the limh and the value at the edm* is found 
to h(‘ twice that at the centre. 

|{(‘lalivity, s])ecially the (leneral theory of 
Helativity, is on its trial now. We- wonder if 
Kddinyton will take iij) the brief for the defeiiee 
and (‘stahlish the validity of all the claims .so far 
made by Ki'lativity. 

Anmnji' tin* workers in the field of Uelativity in 
our country I may mention the name of X. U. Sen 
who \vork(‘d out the case of “ tin* pimply h]in.stein 
world ” whi('h <'onl<l al.so be in exact e(piilibrium. 
He also »ave reasons why cosmii* repulsion **‘ets 
the upper hand when matt(‘r in tin* original 
uniform world of Kinstein is re-arranjied in eon 
den.sations. Xarlikar has also su} 4 t 4 est(*d that 
cosmical constant A is not an ab.solute constant but 
is a function of time, and by this a.ssumjition he 
has explained llie exiiansion of tin* Tni verse as 
bein»- due to conden.sations. 

Relativity Theory of Fundamental Particles 

Matter api)eai’s continuous to our ‘»ross senses 
and in the usual theory of K<*lativity it has been 
treated as continuous. Kxjtei’inient has shown that 
matter is compo.sed of firoups (d* unit and so led to 
the formulation of (|uantum theory. lOddin^rton 
felt that efforts should be imide to unify or harmo- 
nize (Quantum Mechanics and Relativity. This has 
been attempted by Dirac by his relativity theory of 
the electron, ])ut it is well known that J)irae's 
eijuations cannot be expre.ssed in tensorial form. 
Kddinj'ton wondered why Dirac’s type of invari- 
ance should elude ordinary tensor calculus. Ulti- 


mately Kddin»lon introduced new Wave-Tensor- 
Ualculus to briiljje the y:ulf. It may not be out of 
place to mention here that Van der Waerden also 
fried to .solve the <lift1cully by introdueiny 
Spinors.” In filiysical at)])lications to his new 
Tensor-(‘alculus Kddinj»ton has tried to ascertain 
the I'onditions whii-h fix the amount of mass and 
i‘le< tri<* char^ic carried by protons and eh'ctrons. 
His theory has led him to assiun the exact value 
blT to the Sommerfeld fine structure constant. Ht* 
lias also been able to tell us that the numix'r 
(d* protons ami (‘lecirons in the rrMv<*rse i.s 
2Xldt)Xli‘“; /.(?., about oXloXlO’”. The* child is 
the father of the man. ami as has been stated by 
Whitaker, at the ajie of four. Dddinuton resolved 
to count all tin* letters in the Dible. Kddiujiton 
has obtaineil 1H47.(I as the ratio of the masses of 
]»roton and (‘lectiMUi. This is somewhat Idyher 
than the value acc(‘pted at present. Krom his 
theory, lOddirmton has predicted the existem*e of 
nej*atrons or m‘^ative pridons. He frankly 
admits that atomic nuclc‘i and fia'c neuti’ons are 
outside tin* scope of his present theory, but hot)es 
that they will ultimately fit into his theory. Hut 
other fundamental particles com])licate matti-rs 
and it is y(‘l to lie seen how they would tit in with 
Rddinuton’s theory. If Uddinjitiui s theory is 
ultimately aceefited tlnm he will be classed as om- 
of the <»reat st*ers of the worhl. Whatever may be 
the iillimate fate (d* his theory, as the founder of 
the Wave-d’ensor-Ualculus In* will rank as one of 
the ^reat mathematicians of the world. 

Theory of Forination of Absorption Lines 

In his studies on the Internal Uonstitution of 
Stars, Kddin^ton had to postulate about the mean 
molecular wt'ljilit (d’ stellar matter, lie a.s.suiiMd 
that Oil account of hi»h temjiei’ature, matter inside 
stars is eomiiletely broken up into ions and 
electrons, so that tin* mean molemdar weight 
slijrhtly exeet‘ds 2. This postulate excited our 
friend. Prof. M. i\. Saha, then scarcely out of his 
student career, to postulate his theory of ioniza 
tion of atoms by heat, and thus in the lanji:uav.e 'd' 
Sir James Jeans, ” to unlock the road to vast new 
fields of astronomical knowledfie”. 

As is well known, SaluUs theory enables us b’ 
form an estimate of the temperature of the oulei 
atmosphere of stars from the pre.sence and streimtl' 
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of KraiiuliolVr linos in thoir s])ootra. lint Iho form 
and intonsity ol* tlioso linos is a ralhor oomplioatod 
afl’air. (Nniliimous radiation pours iii from a 
hypotliotioal photosj)hero and is absorhod by atoms 
and ions in the atmosjdioro in tin* propor wavo- 
lenf»th and appears as Fraunhofer lines. An ex- 
amination of the streiijyth and oontour of these 
lines would therefore yield us the necessary infor- 
mation about the eoiuposition of stellar atmosph- 
ere, i)rovided the results eould be properly inter- 
preted. Kd<Un^‘ton was one v)!* the first to work 
out a mathematieal theory of the formation of 
Fraunhofer lines, and thoii{»:h the problem is still 
far from solution, his analysis has not yet been 
surpassed. Fjvery subseijuent theory must prorec'd 
from the jiToundwork eonstrueted by him. 

Interstellar Lines 

Another brilliant eontribution of Eddinjrton 
whieh has ree(‘ive<l miieh less attention than his 
other s])eetaeiilar eoiitributions, is his explanation 
vif the orijjin of the interstellar lines. In space, 
we see “ Stars^’, but is the space betw'eetr one star 
and its neijihbour, entirely bereft of all matter.’ 
Kddinj>to?i, in a Ihikerian lecture to the Royal 
Society, answei'ed this problem. It was discovereil 
i?i 1901, that certain double stars show a number 
(»r lines, c.g. the H.K-Wm's of Fa * which do not take 
part in the motion of stars rouml eacli other, but 
are absolutely stationary. Some thoujiht that this 
piiiuted to the existence of a .stationary atmosphere 


round the star, but Eddiufjton by a masterly 
analysis showed that the intensity of the lines in- 
<*reased with the <listance of the stars. This points 
(»ut the existence of calcium in interstellar space. 
He jjave an estimate of the density of matter in 
interstallar space, discussed the reactions be 
tween lijiht and matter occurring there, 
ami .so laid the fouiidati«ui.s of inttrstellar 
a.stronomy. The work is of •r?*cat si^iiiithsince 
for all future knowledge of interstellar space, 
as is revealed by further works of Heals, 
Dunham, and others. 

The above is only a short sketch of Kddiiifiton ’s 
n'.searches in different fields of astronomy and 
astrophysics. 1 1 is is a ^reat mind, yrapplitm with 
the mystf'ries of the Fniv(‘rse. and his coiitribution 
to positive knowledjre is scarcely etpialled by any 
of his contemporaries or ])redecessors. His work 
has inspired others, with happy result.s. many of 
them are to be found amongst our own country 
men, viz,, Saha, KiHliari, Fhandra.sekhar, Majuni- 
dar, ami Narlikar. 

My object was to say .sonu'thinjj: about the con- 
tribution of K<idiimton to science. Hut I cannot 
tinish without r<*ferrinji‘ to very fine (pialities of Sir 
Arthur Kddinoton. 1 mean his sense of humour 
which is so rare and his fine literary styb‘ which 
has brouiL'ht modern sci(‘ntilic thoip>:ht almost to 
every home where English laimim^e is sp<»keu or 
read. 

* A Icctnrr Ucllvcn**! at tin* I’hy.'-ies Theatre of 

the .Ml.iliahatl t’niversily on the oeeasion of the visit of Sir 
A. S. Kiiilinj^ton to AlI.'ihiih.Kl on Dee. 2o, 1037. 


421 


Vol. III. No. 8 
FEBKVABY 1988 



A Review of the Plant Hybridizing Work 
done in India 
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Jaswant Collptrc*. Jodhpur. 


Veky little work has heoii done on plant ‘•ono- 
ti(‘s in India afid for tlieoivtieal conceptions undcr- 
lyinj*’ th(‘ pr*a(‘tical aspects oi‘ the subject we have 
to depend on the work of* Knrope and America. 
Otdy recently the Aj‘ri<‘ultnral Keseai’ch Coun- 
cil made a substantial j>rant to finance a research 
scheme in plant j*enetics. However in the im- 
proveim-nt of the ])Iants hidia stamJs secornl to 
none. There is no country in which “reater «‘co 
nomic results in plant breedin.i;' have been obtain- 
ed, nor perhat)s which has better e(iuii)])ed 
experiment stations for su<'h investijjations. The 
monetary jiain from the im])roved varieties 
in India alone has been ('onsid(M*able. 

In India there is a ni(‘ss of varieties (d‘ a cro]) 
so that the crops are always mixe«l. Very little 
attempt is made to separate the varietit'S of tin* 
])lants. Mven when very »t)o<l new varieties have 
been ])roduce<l there is a danger of cross b'rtili- 
zation with inferior (pialitics and s<*cds fi'oni a«ri 
cultural centi'cs mu.st be sup])lied to the jiTower, 
if not every year, at least fre(|U<‘ntIy. 

\Vh(‘/it occupies about a<‘res in 

India. Hij^h-yieldinn, rust resistant, cross 
bi*ed varieties with j^ood millin‘i and bakinu 
<iualiti(‘s have b(‘(*n t>V(><luce<l throuinh the inde- 
fali»abl(‘ labours of Dr and .Mrs Howard ami 
others. Wheat of a very fine (piality has been 
produced and is beinn' yrown over a larj»c ai'ca. 
Tusa “ H)7” was pi’oducedat the .Xfii icultural Show 
at Sytliiey and folb»wed with a <lifference of 
half of a mark by “ Piisa 4.” This was 
select(‘d by Dr. A. L. Jlumphi'ies, a former ])resi- 
dent of the National Association of Uritish and 
Irish .Millers. He (‘onsidered it ti> be as iirood as 
any wheat ])roduced in the world and selected it as 
his first clunce of all Indian wheats for bread- 
makin**- purpe-ses. 


Mo less than 50 series of improved Indian 
wheats have been produced. “ Husa 52,’’ a cross 
between Punjab 9 and Pusa “ fi ”, combines the 
hi**;}) yield and b(‘ardefl nature of the former witli 
rust -resistance* of the latter. 

“ An im])ortant new pi*oductiou is Pusa HI. 
'rhis wheat has be(*n jirown at Pusa and in Sind 
umler <lry and ii'rijiation conditions ]*esi)ect ively 
ami has sncct'ssively snbjecte«I to millitm ami hak 
in*; t<‘sls in lOn^latid in (‘oniparison with other 
Indian wheals and with Canadian wheats,”' 

The Punjab .Vyricultural Department has re- 
cently completed a series of tests on a new 
improved vari(‘t,y of wheat f»rown in the province 
kfiown as “Ci*oss 5 IS.” Tin* variety is stated to 
be the be.st of all otlier kinds •irown so far in 
the provinc**, under tin* same conditions (d‘ s(»il, 
fertility ami wait*!* su])ply. It is staled that in 
the last seasoji a cultivatoi* realized a record yield 
of 49.J maunds of }>'rain ])er acre fro!n this sort. 

.\ new wheat variety. Pusa Ibr),- ^a hybri I 
between tin* .\ustralian l’\*dei‘atio!i and Piisi 1 
wheats) has «^iven hi.uh *nittnrns at Pusa, in tin- 
C. P. and in tin* eastern Punjab, and marks .i 
di.stinct a**hievement of the Imperial Depaitmcni 
of A;*i'icullui*e. This wheat is likely to replace 
the existin«»- wheat varieties in many wheat - j.* 7 'om 
inji’ tracts of India. 

The im])ortant types ])rofluced in India have 
already benefited the couiitry considcrahl} • 
25,00,000 acres are bein**- plarited with impi'ov<d 
types every year. The «»ain per year fnnii 
improved varieties of wheat in India almn* 
estimated to be about 11 crores of rupees. 

1. McRae .\ : On Imp. Inst, of .Vnric. Rcse.nrcli, ind ' 
avd the Worldy p. 265i J W. 

2. The .scientific reports of the Institute of AKdcuhu 1 
research, Pusa Phvl-SS. 
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“ lin])(>H{in1 ns flu* rosiiHs are tliesi* resulls 
have not ))(‘en su luiieli availed of* l),v llie unediieat- 
ed and ('onservative Indian j)easant. If the spread 
«d' new varieties of l^isa wheal is eoini»ared with 
that of Manpiis in (’anada ami Ihe Xorllnrn 
Stales of the Tnion, we realize Ihe Tael. In 
fifteen years J^isa Avlieats have eovered a lillh‘ 
over 2,00, 000 aei-es. In a hold the same period Ihe 
area under Manjnis lias exeerde*! 20,000.001) 
acres.’'" 

Kiee is the most important ero]) and eovtn-s 
ahold one third of llie total enllivate<l area. 
I'eale^ did the most useful work in the elassitiea- 
tioii of riee fonnd in Piurma and Mitra’* in eolla- 
lairation with (hipta and tJaiimdy worked on 
colour inheritance in I’ic'c. 

So fai‘ attemjits to produce m‘<»d hybrids of 
rice have not met with so oidstandin<4' success as in 
wheal. The matter is receivinji* the attention of a 
numhc]’ of workers.''* ■ l»i*ee<lin» work is at pro 
yi'css at Kajrat, Dacca, and (’oimhatore. Deimal 
Aj^ricnllural Department has produced a true 
hi'cetlinji* vai'iety which flowers and fruits two to 
three weeks earlier than the pure line types. 
Thadani’^, workinji at Sakrand, made cro.s.ses 
helweini seleete<l strains and other varieties ])o.s- 
sessinj^ hi.uh tillering; and lar^e number of grains 
in the earhead to obtain further ineri'ase in 
yieldiim capacity. 

rntil recently, the Domhay Aj;riculfural De- 
partment h.ad still on hand the problem of evolv- 
iiiji’ a type of riee ])ossessiim' tine }>rains combined 
with hiyh yield ami early maturity which would 

i Hownr.l .\ tS: llow.inl ('» dri tilupmenl of 

Indian AijrirnUurt' 0\ r^ P. H .wanl. 

A(jr . Jmi 'r. of India, Vol XXIV Pari III Mnv 102‘) (Pres. 
V(Mre>s lo die Aj-ri.* : Sic : letli I Se Coii-rcss, Mailras. 
Jan. V)2^). 

I. Honli* R. A. Aj^ri. Researeli Iiistinitc, Pu.sa. BuUe- 
lin No. mr, 1Q2r. 

>. Mitfji : MfJuoirH of lltf Oppl. of Aqri. in India XV 
No 4 102S Bolanical soi ics, 

i>. llliiUo R. K., AnricMlinral Janrn, of India, Vol. 
XX p. 28, 102 J. 

r. RainiMli: A ffric alia ral Journal of India ,\o\ XXII 

!*. ir. io2:. 

S. Tirol oil. K I... Pio; 4 n s‘. of Rlia* lha in Siinl. 

I*/ oiTodiuijx III ilo' T. Si‘. Conv,i‘>^'S^ ( Ai’f ; Sertion) P‘.^'L 


repbiee the mid-late coarse-grained vaio’eties exten- 
sively jrrown at preseid. Further selection within 
the local Kolamba rice was found to be of no 
avail in this direction. Hybridization was the 
only altmoiative. 

Althoimdi many ci'osses were made, oiil,y oiic 
of these, namely, betwt‘en a late, fiiie-oraim*d and 
hiuh-yieldiim' Kolamba strain, K. 2211, and a mid- 
late, coarse, but loim-ji rained Kolamba, K. KU, 
yiehled the desirabh* combinations. From this 
cro.ss two jiromisinR- fine lii'ained cnllures wm-e 
obtaimsl. Of these, one proved consistently hi^h 
yieldini** and competcsl successfully with the bohl- 
lirained riee in this respect. The strain has been 
desiunaliMl K. 040. 

The fi<‘ld trials of K. 040 in Thana district 
proved a jireat siicce.ss from the very be^innin**' 
and the cultivators ado])ted the new variety with- 
•ml hesitation. During- the last thriM* seasons 
( ITrMU-.*).")), it has been compared at various 
places with mi<l-lafe larm‘ ««rained varieties such 
as Dodki. Daiijiarwel and Patni and has »iven an 
averaue of 2,2Sr) lbs per aci*e, as against 2,202 lbs 
of tin* local varieties. Its hijihesl yiebl was 2, OSS 
lbs and its lowi'st 1,!IOO lbs ])er acre. 

The sti'ain is now spri'adiuR- rapidly in Ihe two 
districts of Thana and Kolaba. Pi'climinary field 
trials in (Jujerat, .VhimMlnamir and KatnaRiri dis- 
tricts indicate that K. 040 may also prove a valu- 
abh‘ variety in those areas. 

Oats: Two Pnsa selections cros.sed with 
Abundance and Scotch Potato varieties of oats 
have ])rofiuce«l very encoui’aRin^^ hybrids as re- 
gards higher yiebl and better (piality as compared 
with local varieties. IK're the jidod j»rain and 
straml iiuality to»i,-ether with the heavy tillerin**; 
power of imported varieties (FiUropoan types') have 
been eomliined with the earliness and disease rc- 
sistanee of the Indian parent.'' 

Jowar (Sorj^hum A'ul^^are) is a very important 
food crop. In the Domhay Presidency it is rtowu 
both as a Kharif and Rabi crop. In dry rej*:ioii 
of the Presidency (Simla pur, Pujapur and Ahnied- 
najiar) and other parts of the country it is the 
main crop to furnish food to human beings as well 

SliJiw 1’. I . Srientilie rfpore', Ajjrir ■ Rou*arrli Insti- 
tute, 
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as cattle. The Boinliay Department of Af^ricultiire 
started seientifie resea reli on the improvement of 
Kabi Jo war at Moliol in MIJO. 11 has now been 
possible evolve a few promisiii”' hiah-yieldin** 
strains, namely J5-1, 47 J and 14-9 in tlie Maldamli 
(loose type of earhead). Kvery effort is bein«: made 
to spread these varieties as the new strains f^ive 
If) to 25 per eent i^reater yield than the local 
varieties. 

Th.e Koval ( ’ommissiomn’s in their report'" 
de])lored the fact that the Ayrieiiltiiral Department 
of India was still at tlie bi^ninninj*- of the work on 
improvinj*' Jowar and other millets. 

Sugarcane: At the lni])(‘rial Snj*areane Ke.seareh 
Station, Coimbatore, valuable resnits thronjrh 
hybridization have beim a<‘hieved. Several new 
varieties have been jirodneerl by erossin*** with 
Saccharum Sponlaneum L. as one of the parents. It 
may not be out of ])laee to mention that it was 
Dr harl)er who first deliberately used Saccharum 
Sponlaneum for erossinj** with simareane, Thousainls 
of plants" have been raised of which a few notably 
(V205. (N).2IJ, (\).29U, (\).:D2, (NkJJI, 

and (‘o.299'“' have been widely distributed 
in Tniteil Provinces and in North Bihar. Coim- 
batore eanes are bein« successfully reare<l outside 
India as well, especially in (kiba and Florida. A 
communication from Florida to K. S. T. S. Venkata- 
ramaii stales that in spite of rather diffi'eult condi 
tions of soil and climate “ it looks as if Co.2SI 
«*ane would lie one of our best if not our very best 
cane.” 

.Mnmst all im])ortant characters have been 
studied and larfie number of ci'ossin^s made to 
improve the various characters. A cross between 
Vellai Indian cane an<l Saccharum Sponlaneum 
resulted in <lonbliim the average weight of .seedl- 
ings at harvest. Tillerin«- has been improved by 
suitable eros.ses and double the number of seedling*- 

10. Report of the Royal Commission of Afjri. hi 
India, Calcutta 1928. 

1 1. Veiiklaratiian R.S. T. S., Aqric, Jour. India, XXI 1 1 
p. 170, 192S. 

12. Loc.rii. 
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produciiij? varieties have been ])roduced. Cross 
(Vellai Co.292) produced 23 seedlings (usual 
capacity 12 seedlings). 

(Characters of root (tlepth penetration through 
stiff' soil and resistance to water-logging and the 
thickne.ss, length and .shape of the internode) 
have been improved to a very great extent. 

Hybrids with Saccharum Sponlaneum L. have been 
noticed to be generally immune to smut, which is 
(ttherwi.se a common di.sease in Indian canes. 
(Quality of juice (resulting in the greater percent- 
age of sucrose in juice) has been improved. Other 
characters as habit of plant, inheritance of ivor.v 
markings on joints have been crossed to 
advantage. 

Astimnding re.sults have been obtainiHl by K. S. 
Venkataraman in producing early maturing 
varieties by cro.ssing sugarcane with juar (Andro- 
pogon Sorghum) as one of the ])arents. 7 hybrids 
Fo.351, (k).354, Fo.355, (’o.llbfi, ( *0.357 have b(*(‘n 
])roduced. More cros.ses are being made. Thes(‘ 
hybrids tend to come to maturity in six to seven 
months from the time of planting and maintain 
a high (piality of juice. Successful hybridization 
of .sugarcane and bamboo has recmitly been acemii 
l)li.shed by K. S. T. S. \’enkataranian. Imperial 
Sugarcane specialist at (*oimbatore. The parinl 
plants differ in growth and other charac ters an 1 the 
achievement is nmiarkable in the history of plant 
breeding. The.se hybrid plants which are iimhr 
intensive study to (onfirm their hybrid nature aie 
oidy a few months old. Though there are obvious 
])o.ssibilitie.s, it is stated that it is not |)o.s.sibIe at 
this stage to foresee the economic advanlag(s 
which might result from the hybridization. Shoiihl 
the (|ualilies of sugarcane and bamboo combine, 
this newly evolved plant must be capable of grow 
iiig even in the driest land. Since bamboo has 
small branches, in the new hybrid the world will 
be provided with sugarcane with branches! 

Colton: The bulk of the cotton comes from bho K 
.soil areas of the Peninsula where the gisjwth 
period is short as the cotton is rai.sed on I In 
natural rainfall. The conditions exclude a lorn- 
staple and favour rapidly maturing varieti(‘^ 
Here the problem was to increa.se the yield P‘ i 
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jicre. PateP^ (1919-20) (Tossod llroaeh Doshi 
(1027 A.Ii.P. and l.A. Cylindrical lioll) and K T) 
cottons, all strains of Gossy^pium herbaceum. Th(‘ 
Cohari crosses provided a considerable aniounl of 
inlerestinf^- material relative to their behaviour in 
crossin 

Kotliar'** of llonibay has tried to ])rodii(e a lonji 
sta])led and hiffh {^inniiif*: hybrid. A strain of 
kumpta with a low trinninj* percenlajic 20 and a 
lonj*: staple (I") was crossed with a strain of 
Neglect inn Rosea with a hij»h jiinninj*; pcr<*entaji:<‘ 
(30) and a short staple. The cross resnltc<l in true 
breedinj^- strains which combined the desired 
characters of both fiarcnts. In 1920 Kothar'* 
crossed a imre strain of Dharwar American with 
the Sea Island cotton and ft»und it ])ossil)le to ])ro- 
duce the same (pialily of lint as Dharwar American 
but of sea Island (piality. 

In (lujerat, in Southern areas of the llombay 
Presidency, in Hyderabad and in jiarts of Madras 
the natural conditions enable a larjicr staple to be 
‘irown. The im|)rovement of the fibre is a much 
more important matter here. Much has however 
to l»c done towartjs production of a lon» stapled 
cotton with maximum “inning percentage. At 
piTseiit three-fourths of the cotton ^rown in this 
country is lonji stapled. Trough I"’ and others 
have considered a rearing of suc('essful cjUton 
hybrid more difficult than in other crops, 
Thadani'" made crosses between 4 V and Mead 

13. raid, M Memoirs of the Dept, of Agr : in India, 
Hotanical series XIV No. I, l‘>27. 

M. Kolhar, (i. I,. Memoirs of the Dept, of Agri, in 
India, Kotanical .seiic.s XII p. D, 1923. 

15. Kotliar, (). L. Agri : Journal of India XX III U»25. 

Trounht: Agri: Journal of India, XXT p. 310 
clscj'inith Hiligrapliy. 

17. Thnlaiii, K. L. Progress of the Cotton Research 
in Sind, Paper read before the Agri: See., Indian Sc: 
Cong : 1929-30. 


with the object of improvinj^ the stai)le (7/(P') of 
4 F cotton which seems to be the hardiest and 
most probe cotton for Sind. 

Tobacco: The work of cross breeding tobacco 
is carried on at Pu.sa (Now New Delhi] and many 
])romising results have been obtained. More than 
ol tjUH's of Nicotiana tobacum; and 20 types of 
iNicotiajya Ruslica L. are in pure ciilfurt*. Hybrid 
No. 142 (a cro.ss between i)ure deshi Pnsa type 28 
and an American Adcock) is more suitable for 
export than the heavy dark type <if leaf ordinarily. 
It has established its re])u1a1ion as a suitable 
cigarette tobacco for liulia.'*' 

Croundimts: New rapidly maturing, disease re 
si.stant ty])cs of groundnuts were introduce.! in the 
early part of this century. Tin* <laiiiagc caused 
ly tin* so (‘alh‘d tikka di.s(‘ase is out of <|U('stion 
now. St'veral resi.stant types of pigeon pea have 
b(‘en i.solated at Pusa. A ch)sc study o\‘ the linseed 
with a view to j)ro lucing a strain of good yielding- 
power and high oil content is in progress. 

Baric}): Some cross-bred forms show tiromise »>f 
combining the high yielding (d* type 21 iiarent and 
the white colour of the .seed of llu‘ other parent 
and may thus furnish material for producing a 
good type of malting barbsy. Wilt resistant rahar, 
and high \ielding hemp and gram are also some 
of the achievements id' the workers at Pusa. 
lialaji Ibud’’ observeil partial stei-ility in the first 
generation plants of the cross bet wen varieties of 
<«)mmon egg-plant (Solanurn rnelongina). 

Linseed breeding received im[)etus under tariff 
preference (Ottawa Agreement) and w'ork has 
been started at Poona, with the aim of improving 
oil percentage and increasing the iodini* absorption 
number. The ipudity of the oil has also to be 
improved. 


18. Loc.cit. 

19 . Halaji Rao, Current Science, Vo). II, j). 285, 1934. 
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Introduction 

f'lIF. i*(‘scrv<' ttt‘ Indi.-m ('(tal IhMs hrcri 

r.stiiii;i1i‘fl fit aliout 71),-’)00,(.l0().()()() tons. Out ol* tliis 
lOtal <1 ^‘oixl projiorl i«)ii is ohlaiiKxl from llio Pro- 
xincc ill' P»ili{ir. On (‘onipariii” llu* total ‘'(‘iKM'atccl 
outi)iil of (‘li'ct I’ical (‘iK'i’iiV in tlirrcrcnl inMn iin-rs in 
lii itisli Irnlia it is round, liowovi'i*, that so far as l)it‘ 
pro Iio'lion ol* (•lo<*lri<*al energy is (Mtin-ciaiod Piiliar 
is I'ai* hfliinti P»oiiil»ay ainl Tnitotl l^'oviruMs wlicrt* 
tho soni'rr td' powri* jiriirrat ion is cliitdly hydro 
(‘I(‘<'t I'ic. P>rn;;al whoro tlio sourer is mainly < oal and 
Madras when* lioth coal and watei* power is used. 
It is Hills e\itlent to an observer that tlu‘re is s<‘ope 
for <le\ elopnu'nl in tliis direction in the Province 
oT P»ihai'. < hi a tirst ulaiiee one is api to think that 
coal iinly slioiiM be used for power ^•eiieration 
but on a elos(*r obsmwation it will be evident that 
aiii])le w’aler power is available ainl it will be pro- 
fitable to harness this onei'jry in spite ot* its proxi- 
mity to (‘oal fb'hls. 

Location of Power Sources 

The rivi-r Dainodar Hows thr(ni”h the heart of 
tin* tumvinee and the valley of tin* I'iver is one of 
the I'iehest in <M»al and other mineral deposits in 
India. 'I'o the north of the pro\inee, i.e., in Pihar 
pi’«»per thei'e is haially any ('oal ami very little 
water powei* is a\ailable except in the listriets 
adjoiniii” N<‘pal where there are a number of small 
waterfalls which afford local power jjeneration 
foi- liohtini.r sup|)ly. In ( Miotaiiajipiir there are a 
larue number of wat(*rfalls w'lrndi i-aii In* harnesse<l 
ami ill addition to the water power coal is plenty. 
t)ul of a larye number of wati'rfalls in Photana^ 
pur the followiim may be harnessed for oeiieratitni 
i»f <*h‘et riea I <*nei yiy ; 

il) liajropa at the .jinietioii of Damodar ami 
\'cia rivers. This is e.sseiitiallv a low In-atl fall 
ami beiiiL! in the eeiilre of the coal ininiim distriti 

S C 1 K S V K & 

V V If T V II K 


will not be worth liarnessinj** in the immediati* 
re. 

(12) Miindru Falls on tin* border of lla/ariba^li 
and Kanehi distri<‘ts has a ji^ood h(‘ad with a fair 
amount of water sii])ply and is certainly worth 
“[oinjr into. Witli .*i scheme of successive deve- 
lo])ments of a number of reservoirs to store the 
annual rainfall it w'ill be ])ossible to obtiiin a 
continuous discliari^e of nearly 12(30 eiisecs, eipii- 
valent to a continuous output of OOOO kW ex 
lienerators. 

{')) donha Falls in the Katiehi distriiM has a 
lu'ad id* nearly 1120' and is within Il2 mil(*s of the 
Mumlrii l•^dls. This affoi'ds a further reserve of 
power when the Hutidru Falls is ftdly utilized. 

(4) Dumaruarhi b’a 11s also in Hanehi Disiriei ; 
this is, however, small and is not worth eonsider- 
i?m‘ in the n(*ar future. 

(o) Dassoiii l•^dls in Kliiinti subdivision can 
be used for local ^I'lieratiou for lijihtiiiji’ an. I small 
power plants like lae faetojaes or irriiiational 
pui’poses. 

(ti) lliriii Fall': in Sin^hbhum Division can hi- 
considered in the ^nd projiramiiie id* IVdiai* electri 
111 at ion scheme. 

.\s already m(*nlioned above most of the i*o;i 
minimi' ai'cas are in South Dihar pi'oper and Plmt.t 
naut)ur. 

Kxisiing Installalion.s 

With the exe(‘p1ion of Tatanaj.»ar and dliari.' 
('olliei*ies there are no otliei* uenerat inji station^ 
with modern his>h pressure steam tui'bo-^cneratoi - 
in the tirovinee. 'fata Iron ^4 Steel (‘o.’s Pow«i 
Station is by far tin* largest in the pi-oviiu'e, eon 
prisin**' of two steam power stations id’ 11700 M'* 
and l2o000 kW respi'ctivi'ly. 'flie annual deniam: 
is loO.OOO.OOO units. The combined onl|>ul of ih 
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(•olli(M*i(‘s is only al)out 4()()0 k\V. Individual towns 
ai*i* served l»y small |)i(‘sel Oil Kn^im' plants and 
eons(*(juen1 ly uiUM'onomieal foi* larye st’ale produe 
ti(»n and imt praetieahle for suptilyiiiii- a yrid or 
network. Hesi<les. llie oil enjiiine stations <lo not 
use the hasic' ])roduel (d‘ tin* proviin-e, viz.. (m»;i1. It 
is thus seen that the expansion ot* hiesel eiiuim* 
plants is detrimental to the interests of tin* 
pi’ovinee. 

North liihar is mostly aj'rieullural. South 
r>ihar is also a^rieultural hut has a numher of in 
diistries depeiidiuji* on a^irieult ural produets sueli 
as su'iar mills, j»il and riee mills. Part ot* Ohota- 
naji’pur. espeeially alon*;- the Damodar valley, is 
mostly itniusirial with a larjie numhi*!* of (*ollieries. 
iron and steel industries, ]>otteries, line kilns and 
other similar industries. 

Proposed S( heme 

Ai‘ter revi(‘winii- the exist iiiii- ^ieneralinj*' system, 
distribution ot* industries and possible future h»a<l 
eonditions, it is i)ossil)le to xlraw up a i>rop»)sed 
s(*ln*me for the whole <d.‘ tin* provinee. A Un \ear 
programme ean In* ent(‘re<l into, in sueee.s.si\e 
staues oi‘ .yeaivs. In the map the (‘ompleted 
scheme is shown with major ti*ansmission liin-s 
only. Tin* ju-ovinee is divided into \ important 
zones, viz: - 

(1) North Itihar eomprisin;* of steam power 
stations at Motihari, MnzalTarpur and Darbhaima. 

(li) t’eidral and South Pillar eomprisin.n- of 
steam ‘'•eneratin^' stations, at .\ri*ah, Patna, Mom 
iiliyr and l»ha»alj)ur. 

i-l) Industria’l area eomprisin^i’ of st«‘am power 
stations at (laya, (liridih, Dhanbaii with jxj.ssible 
additional station in tin* liarkakhana area, ulti- 
mately linkinj*' up with the South Pln^tana.upur 
s<‘heme. 

(4) South (Miotana^inir ai*ea eomprisiii”- of 
Ilydro-eleetrie stations at llninlru, Jonha, ainl 
llirni and one or two larj*e steam i)ower statitms 
in the vicinity of Tatana^ar. 

lk)wer ean be j>enerated at b.t) kV and Irans- 
mitte<l on overhead line at 1 1 kV. The see»»ndary 
distribution network ean In* supplied at (».t) or 


d.d k\' pole ty])e outdooi* disti-ibution translormers 
ean bi* used ami outdoor substations will be satis- 
faetory. 

Approximale Co.st ol Possible l.oad 

4'he cost (d* the eiitin* selienie will be about 10 
enoTs of rupees basin** mi about b's. 001)/- per k\V 
for Hydro I'lei trie and Ks. 220 t>er k\V for steam 
ueiieration. The first half of the ]n*o}ii-amnie with 
t)ne Ilydi’o eh'etrie and a steam stations will In* in 
tin* m i^hbmirhood of o erm-es of rupees. 4’he eom- 
pleieil output i)\‘ tin* system will In* abt>ut SO, 000 
k\V im-lmiin'* the existing steam plant but this 
ean be limitid to about 20,000 k\V in the initial 
programme, exi'lmlinn' of ('ourse the j»eneratinjT 
plants of 'ral.i ham ^ Steel (Vn. Ltd. 

To a casual observer it will ap|n*ar that no load 
will be .available* and an <*xlc‘nsivc* sehenie will ap- 
pan*n)l,y fail, but i>n elosc*!* obsc'rvat ion it will be 
found that in an ai^rieultural canintry non-indus- 
trial load will In* available, 'riins irrim'dimi and 
pumpiim \vi!l form a emisiderabb* portion of the 
Inad. .\ll j.lon^i tin* <Iani*c*s \alb*y. Son eanals, 
X<»rlh Piliai*. Saliabad and (»aya clistric-ts a larue 
.‘iniount cd‘ ein*i*uy ean In* utilized for irripat ional 
pur|>osc*s. 4’his in turn will prodin'c* a bet1(*r simair- 
cane erop nc‘(*essilal inn uri'ater use* of powc-r in 
mills. Tin* same is applicable to j»rc'at(*r part 
ol Photanaepnr wliieli is a:jrieiilt iiral. .\ fair 
amount of poW(*r will be taken by tin* ln*avier 
indnstric*s, l.c., coal, iron and steel. Smaller 
industries like* silk weaviiiii’, c-arpet maniifaelure, 
.saw’ ami oil mills will also be ^■r(*atly In*in*ti1ed by 
i hc'ap (*lee1]*ieily. Siieli indust rii's as papi'r mills 
ean In* started when ehesa]) power is available*. 

Popl>'‘t' found in ( 'Imtanaiipur and so is 
bauxite*. (’lie‘mie*al imlustries. aluminium faetorit*s 
and ee*ment fae*lorie‘S will soon be* starte*<l and jiive 
a steady loael. In aeldition to this, some* of narrow 
uauiie railways ean be (‘le*etrilied and trolley buses 
or tramways eemld In* slai*le*d in Patna e'ily. 

With the* introduetioii e)f a sehe*me* of (*le*e*t rilie*a- 
tion, irem and ste‘e*l industry ami eabb* faete)]*ie>s 
in the* ])i'ovine*e* will be i*i*eatly be'ne*fite*el. As a 
ee)nsieierable amount e»f eivil e*n‘'ineerin‘^' work has 
also to be clone, the* m*wly start e*d cement faeteu*it*s 
will j>et an ine'cntive. As a larue* portion of the 
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APPKNDfX I 


iiiiioimt will be spent in the provinee this will help 
to remove the ecfonomic depression. 



□ COAL PowtH STArioH 

o — sua srAT/oAf 


• Tow/vs • 

It is thus evitleni that altlioip^h the inirodue- 
tion of an extensive elect rifieal ion scheme will he 
faced with considerable dilh'ciilty, nevertheless in 
the lon^: run. this will be i)n)filable and conse- 
(luently this is worth considerinji;. 


Huiidru Palls and Jonha’ Falls Hydro-electric 
schemes. 

Hundru Falls:— 

Static Head 412 ft. 

Fatchnient area 400 sq. miles. 

Averajie annual rainfall — 57 inches. 
Approximate output ex pjcTiera tors— 6000 kW. 


Approximate Cost; — 

Ks. 

Fivil eni^'ineerin^- works, e.ji:. 

dams, 

pipe lines, power houses 

;io,oo,ooo 

Transmission 

. . 25,00,000 

Pow'cr Station 

. . 20,00,000 

Sub-station etc. 

. . 20,00,000 

Other ex])enses 

15,00,000 



Jonha Falls: — 


Static hea<l about 175 ft. 


(^ilchment area- *>00 s<|. mil 

(■S. 

Average annual rainfall 57 inches. 

Api)roximate output ex generators — 2500 k\V 

Approximate Cost: — 

Ks. 

Fivil Knjiineerinji* 

;;() lakhs. 

Transmission 

5 

Pt)wc‘r station 

1 5 

Sub-station 

10 ,. 

Other expenses 

20 „ 


Total .. HO lakhs. 


SOIENCB A 
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Notes and News 


Silver Jubilee of the Indian Science Congress 

'riie Silver Jiihilee (»f the liwlirni Selentr 

(‘ongrtss which was a mii(jiic cvinl in the historv 
of seientiHe organization in this eoimlrv terininaUil 
on the fUh .lanuary after full one week’s busy 

|)rograinnu‘. It was truly represi-ntative of seientiHe 
interi'sts in Iiulia and was attended by students and 
scholars of jlilferent branches of seientiHe knowledgi- 
fn-in all parts (»f the country. What makes the ses 
sion nieinorablc is that it was lu ld jointly with the 
Hritish Association for llu‘ Advanetanenl of Seitnee 
which had sent out a strong contingent of more than 
on(‘ hundred dislinguishe<l scientists, led by Sir .Fames 
.leans, who presided o\tr the dciibiralions of the 
session. Ibsides never beb)re in the annals of the 
Indian S<’ienee Congress Association was thcr«‘ such 
a large number of delegates, nor was the niunlaT of 
papers read aiul seientiHe discussiiins and symposia 
held ever larger. 'I'he ditrerent sei tions t(M» this year 
numhered the largest. 

i\n important featun' of the session, tliougli not 
dircitly connected with it, was the arrangement t)f 
delivery <if popular lectures by distisguish('<l Ki!ro|)ean 
scientists on various seientiHe subjects, whieii iiieliul- 
ed among others those by Sir .lames .Jeans, .Sir .\. 
S. h'ddinglon. Dr F. W. >\stou. Prof. C\ (i. Darwin. 
Prof. Ff. .F. Fleure, Sir Arthur Mill, Prof. C. (b .lung. 
Dr C. S. Mvres, Prof. .1. K. I.eiin.’ird .loiies. Dr 
1.. Diidlev Stamp. 'I'hese ailraeted larg»- gath<‘rings 
of laymen as well as sp«*cialisl.s in tin* subji-cts. 
and were very illuminating. We intend to publish 
some of these popular addresst's in our .subse(|uent 
issiies. 


Next Meeting of the Indian Science Congress 

'I'he (reneral Committee of the Indian Science 
Congres.s Association at a meeting held on Salunlay, 
the Sth January, UKbS, dtcided that the ne.\t meet 
ing of the Congress would be held at Jvahore from 
.lanuary 2 to S, IPIIP. 'riu Committee elected Pro 
lessor J. C. Ghosh, Head of the Department of 


Chemist ry. Ciii\ ersity of Daee.a, (ieiieral Pr« sident of 
the session. 

'Pile following have been eh-eted presiihnl bn* 
tin* ditrennl sections of the I.aliore Sessitui ot tin* 
Seieiua* (’ongress: - 


.Sia TioN 

1. Nf \TIIKM ATICS 

wo l^lfVSitS 

2. ClIKMiSTKV 

.‘t. (iKOl.OC.V 

t. PoTWY 

.5. Zooi.o(;v 

d. A NTiimn’onn.v 

T. I i/n wF. 

N. .Mkoicm. Hfsfaik II 

*). Physio i.ociY 

10. PSY( IIOMX.Y 


PllFSIDF.NT 

Dr K. R. Hainnatham, 
.Meteorologist, M’ealher 
OlHee, Poona. 

Dr P. 11. Sarkar, Lecturer 
in Chemistry, Seieiiet* 
Collegt*. rniversity of 
C.'ileiitta. 

Prof. S. K. Uoy, Professor 
of Geology, Indian School 
of Minis, Dhaiibad. 

Dr K. D. Pagchcc, Mycolo- 
gist, Forest Heseareh Insti- 
tute, Dehra Dun. 

Prof. C. II. Nary an Hao, 
Professor of /oology. Cen- 
tral Cidlege, Mangalore. 

Dr 1). N. Majumdar, Liu* 
now Cniversily. 

Dr 'r. V. Mamkrishna 
.Vyyar, Melired Goverinm nt 
iMilornologist, .Madras. 

Prof. 'r. S. 'rininuilri, Pro- 
fessor of Palliology, Medi- 
cal Colhge. Madras. 

J*rof. N. M. Masu, Pro- 
fessor of Physiohigy, Presi 
deney College, CaleiiUa. 

II. P. Maiti, T.eelurer, 

(’aleiitta University. 


'Phe Cominillee re appointed Mr W. D. West as 
(n-iieral Secretary of the Indian Science Cotigrcss 
As.soeialion for the next year. 
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NOTES AND NEWS 
Fish and Himalayan Geography 

KnowK-d^i- of tlu‘ Hiiiwilavan Haii^o is 

f.«» liniitnl that several problems eoiineeUtl wilh ils 
^ee.lojfy and ireo^^rapliy are still in dispute. From 
researebes already m/ide, it seems to be fairly eertain 
that Ibis mighty chain of imiuntains is considerably 
youni;er than the .\ravallis and the Vindhyas; in 
fact it Is rn)\v ^ern'rally believed to be the result of 
at least three major mountain-building movements, all 
of which oeeurrtMl durin,i>: tin* post-Kcurne period 
some six million years a;4;o. 'I'he presvmt-day (bmii 
nanl class of bony fishes had by tin n already appear- 
e<l. If the fish have not ehaiiirrd their habits, it can 
safely be assumed that the directions <if water courses 
haw* always determined tlu' distribution of lisb over 
lar^e areas, b’or instane»‘, if a species of fish is found 
in such wid(‘ly distributed places as Assam, lteni»‘al. 
IJihar, the l’nit»-d Provinces, the Punjab and Sind, it 
can reasonably be e(»ndiuled that the drainage of these 
areas must have had elianees of inlerniinij;lini;* at 
some peritxl sinet' that species came into bein,«x; unless 
of course the fish were introduced through human 
a^’eney — a eoutiuneney which, ideologically spealiini»; 
bei'ame possible only comparatively re<*ently, that is 
l<» say, about one million years a<d’(». 

Relying* on these simple facts and taking into 
(‘onsiderat ion the pres<nt day distribution of the 
Vfirituis kinds of Himalayan fish Dr S. L. Ilora of the 
/oidojdieal Survey of India in two articles in the 
liccintls of tin* Indian .Museum, S<ptember IPitT, 
throws fresh lijdhl on ei-rlain id’coii’r.apliieal problems 
eonneeled wilh the history of tin- Himalayas. 

In the /irsl of liis two articles, after a v'ritieal 
(‘xaminatioTi tvf the tlsh fauna of the Northern and 
Southern siiles of tin- Himalayas, the eonelusion is 
reaelievl that tlnse fauna an- totally distinct from 
ea<h (itln r, thoiiiJ'h both are believed to have mijdraleil, 
presumably at dilVereiit perioils, from one ancestral 
stock in Southern (’hina. 'rinse finding’s have a 
direct bj'ariii^ on the history of .some of the Indian 
rivers which have their .sources in the trans-liima- 
layan an a. He<*:ardin^ their ])ast history, two oppos 
in^‘ v iews are held to clay by «eolo«ists and ^eoj^ 
ra])hers. .Veeordina; to one view, the Himalayas, at 
an early ai^e. bad its rivers Ilowiiij»; north and south 
fnvm the crest. 'Phis sim))le draina;»-e ])attern is eon- 
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.sidered to have been modified to its ))resent form by 
some of the soiith-flowinj^ river.s euttinf? back through 
range and “ eaiduring ” rivers on the 'Pibetan side. 
'Pile mueh greatt-r jireeipitou.sne.ss on the southern 
side of the range, and a mueb st<‘e])er fall, and there 
fore greater erosivi* power, are ])ut forward as possible 
reasons for the unusual behaviour of the south- flowing 
rivers. Authorities holding tin* other vit^w b(*lievv‘ 
that the rivers are older than the mountains, and that 
they kept open their original channels through erosion 
as the mountains gradually arose to their pre.senl 
heights. 'Pile distinctness of the northern and 
southern fish fauna of the iiimalayas, aet'ordirig to Dr 
Hora, definitely favours the former view. If the 
rist- of tin* Himalayas had been .so slow as to (nabit- 
the river.s to keep open their eliainiels by vigorous 
i ro.sion, tln-re would have been little or no dilfen*nee. 
as then* now is, in the fish fauna of the eis-Hima 
layan and trans-IIimalayan portions of such rivers 
as the Hrahmapulra. the Sutlej, and the Indus. .Vs 
a general rub*, tin* Himalayan diain, says Dr Hora. 
was lifted up thniughout its raiigt- in a more or h ss 
uniform manin-r: Inil tinre were some loeali/,ed up 
heavals also. From the distribution of fish. Dr Hora 
traces two such big movements, one in the region 
between the .\ssam and .Nepal Himalayas, the origin 
of the highest peaks, and the olln‘r in the region ol 
the Potwar IMati-au in the Ibinjal). 'Pliest* movemenls 
greatly influene(‘d the normal westward migration t*l 
fish along the Himalayas, and tlivideil the mountain 
range into ils three hy<!ro gra])hieal divisijins of I In 
present day ; the P»rahma])ulra and ils tributaries, I In 
(Ganges and ils iril ”.laries, and tbe Indus and ils tribn 
taries. 'Phere is abundant evidence, both get)logi»ai 
and bitvlogieal, says Dr Hora, to show that before tin 
oeeurren(*e of the above-mentioned loeali/ed upheaval^, 
the three rivers wen* eonlinuous, and drained toward-- 
the west, into tin* .Vrabian Sea. 'Pin* presence in ail 
lln*.se rivers of larger carp such as Holm, ('niltt ami 
M riff til, and of largv* eat fish siu-li as Putiffush ami 
Silondf is clear proof in favour of these uiiheavals. It 
may be mentioned here that in IJtlfi, two ofiieers ol 
the (leologieal Survey of India, Sir K. Paseoe ami 
Dr (j. K. Pilgrim, independently pul forward tor tin 
first time this hypolln sis, and named the united rivii’ 
the “ Siwalik " or the “ Indobrahni ’’ River. Di 
Hora by his studies not only supports their views bm 
also throws further light on tbe eastern section of Ih ' 
river. 



NOTES AND NEWS 

Progress of Agriculture in India 

In ;in illuininatjn^ broadcast bctiirc from Delhi 
sfniion Sir Hryce Hurl, Vice-Chairman of (he liii 
j)crial (’ooiicil of Aicricidliiral Hcscarcli, siimmarizcd 
the progress made in agriculture in this country 
tiuring the last forty years and gave interesting ligiir* s 
of the number of research and ex])erimental centres. 

“ 'I'liere are now in India agricultural instil uti s 
and laboratories concerned with the improMintnt of 
ero)> ]n*oduetion, about JiOO experimental anil demoji- 
stration farms, a teaching and research stalV of SOO 
ortieers and assistants anil nearly 2,000 ottieials engaged 
in the introduction of the successful rivsults of research 
into general agricultural practice. Improvements in 
erop production can be brought about in various ways 
of which the most obvious are introduidion (d‘ new 
ero])s; ]iroduetion and use of good seeds, and in parti 
eular better varieties, of existing ero])s: better feeding 
of the erop invidving tin* greater and more skilled 
use of fertilizers and lietter management of the land; 
[woleetion of the erop against pests and diseases." 

" 'riiere are now jdant breeiling stations in 
India, and work is in progress on .*10 major crops, 
'riiere have been great developments id' this type of 
research during the last few years and, fortunately, 
the results can be lasily translated into agricultural 
jiraetiee. It is known that improved varieties of crops 
now oieiipy some 25 million acres, but this tigure 
(jiiite inade(|uately repnsints the total etfeet on the 
agriculture of the country for it is known that, in 
many areas, the agrreulturai di'partments’ varieties 
are the dominant eomponents of the crops of the 
« (»unl ryside." It has been no easy matter to britlge 
the ga]i between the experiment station and the far- 
mer and a brief reference may be made to the maebi- 
uery em])loyed. Whilst every useful method has been 
trieil and used, most reliance is ])laeed (»n ocular demon 
slrations on cultivators’ own lands, and no less than 
Sb, ()()() (if th<*se were carried out in 

In addition, there were 150 (Government and 
demonstration farms of various kinds. 'I’he demon- 
strations are organized and controlled by graduates, 
•uid others, taught in the agricultural colleges and 
''clmols. 'I'he actual demonstrators are mainly men 
<d‘ tile local cultivating elassi's who have la i n specially 
'rained for the jnirpose. Propagamla has been 


tollowed up by ‘ service ' and the agricultural de]>art- 
menls havi' had to perform most of the seed inerehaTd's 
dutii’s. Last year the numer.ous (iovt'rnimnt seed 
depots issued 12 lakhs of maimds (tf impro\ed seeds, 
150 lakhs ol sugareaiies for planting and (I lakhs of 
fruit Ines. On a smaller scale similar si r\ ices w< re 
periormed in regard to the suppl\ ol implemenl and 
fertilizers. In spreading a knowledge of neom 
mended agrienlliiral impro\ emeiif s most of tin known 
methods (d’ propag/mda have lieen niili/ed. I'ifleeii 
himdiaai agrieidfnral shows wi-n held bast year in 
various parts td’ India. b’ree use has bi eii made of 
veroaeidar pamphlets, arlieles in the press, village 
latilern lectures, and special short courses both at 
agrieullural colleges and schools and at (iovirmmul 
tarms. (iramophoiie records, motfir demonstration 
vans and. last not least, the .\ II- India Radio have all 
b.emi niili/.ed to bring liidp and (ndigiitemneiil to the 
rural ])(>pu1atiou. It is obvious that l>olii the eiilti 
valor and bis cattle ined to In* belter fed and. to Ibis 
end. work is being levi loped on the improvement of 
.grazing lands, of fodder crops, the iiil roduetioii of 
mixed farming and tin- grialer prodiielion of those 
fooil-erops vvliieb are s|)eeially needed (o correct 
dietetic (h lieieueies. 'rin se problems are not simple, 
but several praelieal avenues of advance are opening 
up." 

Living Index Figure.s 

W ith Ihe objeel of obtaining tin- data for a revisi- 
on of tin- official cost of living index figures and 
collect ing information which would be of special 
value in the consideration of the current })roblems 
relating lo diet and iiulritiou, the Ministry for 
Labour in i'.uglaud iii(|uired last autumn into the 
working i lass family e.xpemlilure. 'I'lie response, Ibe 
.Ministry stales, lias been liigbly sat islaelorv . Over 
l.'t.bOO boiisebolds have forwarded their "budgets,’’ 
giving a detailed analysis ol Ibeir expenditure in one 
week of Oetoln-r or Novt-mber last. -\s prices and 
expeiidiluri- vary in ditlereiil periods of the year, it 
would be necessary to supplement Ihe information 
-dreadv i>li* *d li i-lati ig t< if 

the year. 'I'he inipiiry forms ask for parlieiilars of 
Ihe eompo.sition id' tin* lions<--hold. rent and rates of 
Ihe Imnse or dwelling (ogi-ther wilh Ihe number of 
rooms oeeuiiied, Hu- uimdw r of rooms lei. if any, and 
Ibe rent received, the (|uanlily and the cost of eaelv 
item of food bought tbrougboni Ibe vveik. r\])endilvire 


131 


Vol. 111. No. 8 
FEURIIAKY m» 



NOTES AND NEWS 


on gas and rln tricity during ilir wtvk, on coal, t*oko, 
clothing, furnishing, utensil fares, amusements and 
any other items and various t)tlM‘r particulars. 

Philosophy What should it be? 

In his address lu l\)re I he Allahabad riiiversily 
IMiilosophical Assoeiati»)M on .laiiuary 17, 

Lord Samuel, President of the Hritish liislilulc of 
Philosophy, who has come to India in eonin'xion of 
tin- Silver .lnhih<‘ of the Indian wSeiem*e (‘ongress, 
pleaded tor the need f<)r a lU'w start in our philo- 
sophical ideas. 'riu‘re was confusion, he said, in the 
world today, Ixeaust*. nations did ?iot get eiiouglr 
philosophy to ruh' their i<leas, religion.art, polities, etc. 
It was (‘sscuitial that then' should he some ])hilosophy 
which would guidt' tlx' nations. Hi*, thought that 
philosophy should he (*asily understood in order to 
have a gi'ueral inlluenee. An ordinary man had to 
learn philo.so]>hy, a?)d so he ehost* to do without it. 
Further, if philostiphy was to h<‘ alive and inthu'iilial. 
it must deal with the world of to day and not of 
old. We must avoid the danger of classicism. We 
must make a fresh start, form ideas for mirselvt's 
and shap(* a philosophy suited to the modi rn world 
after studying what had already been said. 

1‘iXplaining the relation between philosophy, 
science and religion. Lord Samuel said that philo- 
sophy must lake the eslahlislied eonelusioiis of science 
as its basis. More speculation without scientific 
proof was of no \alue. It was useles.s l<) proclaim 
and not to ])rj)ve, as Professor Uadhakrishan has 
said. Philosophy was a matter of intellect, of 
rational judgment. When one came to the realm of 
intuition or mysticism he was in the domain of reli 
gion. Doctrines, Mnj/a and Karma were outside the 
sphere of philosoi>hy. They belonged to religion. 
Philosophy, science and religion had each their in- 
dividual province. Conlliels of religions could be 
solved by an appeal to j)hilosophy because ])hilosophy 
stood a))art from all religions; the ])hilosophcr could 
go to different creeds one by one and ask them to 
emphasize the eonunon points and not differenees. 

One truth could not contradict another truth, said 
.\bdul Haha, of Palestine. 'Phis was an important 
doctrine. 'Pruth must be true everywhere. It was 
a dangerous doetrint* to say that diversities in reli- 


gion did not matti'r. Religions must not say things 
that w’cre in conflict with the established views of 
Science hh the miracle of the Aaron’s Rod being 
turned into a snake. Religious creeds must modify 
themselves so as to conform with the latest discoverirs 
of science. 

On the other hand seienee must become inui*h less 
materialistic as it had already become. Philosophy 
must lielj) in bringing about this reform. Philoso|)hy 
should help in bringing various religions together. 
In this eoimcxion he mentioned the work that is being 
done by the World Fellowship of Faiths. We musl 
emphasize their points of agreement rather than the 
points of ditfen'iice. 

Continuing Lord Samuel saiil what the world 
needed to day was. above all, a synthesis of philo 
Sophy, science and rt'ligion. 'Phis did not mean that 
tlh'V should be one as c'aeh had its own province. 
It was the business of philosophy to bring aboiil 
this synthesis. 

Visit of Sir A. S. Eddington to Allahabad 

Sir .Vrthur S. Kddinglon F.H.S., the fanioiis 
astronomer and astrophysicist paid a \isit to Allahabad 
on Dee. 2d, on his way to Calcutta from Dtlhi. In 
his honour, an astrophysieal eonferenec was held ;il 
the Idiysies Lecture* 'Plu*alre, ami this was attt*nded 
by the h ading Indian workers who have dom* seie rilire 
W’(0*k in lines in which Keldingtou is inten sled. Pnd. 
A. (’. Ranerjce, Ileael of the Departimnl c! 
.Mathematics, weleoiin d Prof. I'hldingtoM in a s])e« ( 1' 
which we reproduce clscwlu re*. 

Papers w’cre read by 

Sir S. M. Sulaiman, Prof. N. R. Sen, Pnd. \’. \ 
Xarlikt r, .Mrs. R. C. .Majunidar, Dr R. C. Ma jmud.i. 
.^lr. il N. Srivastava and Prof. .M. N. Saha’s papi i 
on the Pn)bh‘ms of the Solar Corona was tak« n m 
read due to want (»f time. 

After each paper, Sir Arthur Kddinglon indieal< *1 
his vie'W’-point on the subject of that j)aper. .Sir Sli d. 
Sulaiman appeah'd to Sir Arthur Eddington I" 
persuade some of the great experimentalists to p< ! 
form experiments in respect of the problem of gr-o i 
tation w’ith the help of the solar lights. 

fn the course of his concluding prt'sideiitial i' 
marks. Sir .Arthur said that the lime was much i' 
short to discuss the seit'iitifli* subjects. What h- ' 
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hvvn interesting him lately, In‘ said, was tin- eonner 
tion between relalivity and (niantiini t henries and the 
value of fundamental eonstauts in nature. Helati\ii\ 
dealt with inaero physies while (|uantuin tiuory dealt 
with miero-physies. 

After explaiiiinn- further the theories in (|Ueslion, 
Sir Arthur Kaiditij^ton e.xpres.sed his feeling- of delight 
at his l)(‘in^’ abh* to visit Allahabad, when*, lu* la 
marked, he had ^reat seienlifie ties in Prof. Saha, who 
has done very orit<inal work in astro-])hysies. 

'riie nuM-lin^ terminat«*d with a vot«' of thanks to 
Sir Arthur pro))ost‘d by Prof. M. N. Saha w h<», due 
to want of time, did not speak on his j)aper. 

in thaukinji’ Sir Arthur for aeeeptiii^ his invitation 
to >’isit Allahabad and tj) preside over the meelin«‘. 
Dr. Saha j)ointed out the ditlietdlies of I lie seientisis 
in India in earryinj*; on researches in astro physics. 
In the first place they were all si'altireil. 'I'here 
was hanlly any astro-)>hysieal laboratory in Imlia. 
Dr. Saha hoped that steps would be taken in future 
to have a suitabh* aslro-physieal laboratory. 

Civic Reception by Allahabad 

Sir .Vrthur K<hliiigton was ae<‘or<lt‘<l a ei\ ie recep- 
tion by the inunieipal board of .Vllaliabad on ‘lie same 
day. .\n address in a beautiful silver casket was 
|>resented to him by tlu- board. It welcomed the 
(iniiient seieiilisl ‘in this aneiinit city of Praya^/ hi 
loursi' of the address it was poinU-d out that amongst 
the ])rofessors of the Allahahad L’ni\< rsily there were 
persons of whom any inslilutioii in the worhl woiihl 
he j)roud. Hut this city badly lacked an astronomical 
ohservatorN . 'riiey bad e\ i ry hope that persons iii 
ten*sted in the advaiieemeiil of seieiiee would lose no 
time in iiroviding the I’niversily with siu-h an ohsrrva 
lory, a ervin^jf need which did not ivipiire furtlu r 
emphasis from them. 

Sir Arthur Kddin^ton, replying!: to the address, 
< xpres.sed f^real deliuhl at the civic wi’leome accorded 
to him and thanked the municipal hoard of Allahahad 
lur it. Ffe paid tributes to the important eoiitribu 
lions made by Indian scientists. It was lioped. In- 
said, that llie visit t»f Hrilisb seii iilisls would be oi 
heiieflt to Indian scientists, but e«'rtainly it would be 


of benefit to tliemselves. 'Phey Ixdon^ed to many 
sections, but everyoiu* of them hail some eollen^jue 
aiiioii*;; Indian seientisis with wliom he had close ti«*.s. 
Indian s<*ieiilists had done a ^real deal in the most 
moilerii prn^:ress of astronomy both by their indiviilual 
oork and hy inspiration to others. Allahahad with 
his colleague. Prof. Salia, was one of the j^reatest 
centres of malluiiialieal astronomy and he could only 
indorse the words of the municipal chairman as to 
the irrcal la nefit of an observatory cither here or at 
any suit able place in India where they had the mini 
to lake ad^'atlla^e of it, heeaiise it was the man |)ow’er 
ill an ol».ser\ alory that was of importanei*. .Mlahabad 
was assoeiattd with llu' de\ elopimiits of astro- physics, 
whi r«‘ Pnif. Saha and his piiplis wen* werkiii^; on 
lines similar to his own. He hoped Allahahad realized 
what i>real work Prof. Saha had done for astro 
physics wlu ii he published his famous paper in 19*21. 

Sir .\rlhur h'aldin^ton once a^airi tiiaiiked the 
municipal hoard f( 0 ‘ its extreint‘Iy kind welcome and 
said that in fill lire years lu* would think of Aliahaliad 
with special feelings of ;iireeliou. 

Inlernational Congress of Psychology 

'I’lu* Klevenlh International Congnss of Psyeho- 
loiry was held m Paris during the last w’eek of July 
iiiuler the presidency of Prof. H. Pieron of College 

I''raiiee. Prof. Pierre Jaiit t kindly eonsi iih d to be 
its Honorary President. 'I'he opining eeniimny took 
place in the famous (irand Amphitheatre of Sorbonne 
in presi-nee of M. Delbos, Miiiistrr for foreign allairs. 
amidst nearly nuiiibers hailing from all over the 
world. OfKi’ial delegati‘s were sent hy Prance, 
(iermanx. Italy, America. P.nglaud, Japan. Huugary. 
\i?iM\ay and Poland. 'I’he Calculi a INyeliologii al 
Siu’ii tv was n pn seiiled by Mr H. .\. (ihosli. 
■' J'’rom Mioemeiit to Conduel ’ was the I'enlral 
theme on which no less than live s\mposia were hehl 
aiul ill which many emimiil psychologists teok ])arl. 
Of the papers read before the ('origress the following 
deserve s))eeial mention. ‘ 'Phe outline of the nature 
of elumsiiiess ' hy Prof. Pear; ‘Social (’ondiiel ’ hy 
Prof. Janet; ‘ Speech 'riieory ’ hy Prof. Hiihler; ‘ The 
law of Klfeel ’ hy Prof. Kolfka; and ‘ 'Phe Kliieida- 
tion of the animal behaviour ami the human eonduet ' 
bv Prof. Kal/. Hesides lliese. Prof. .Vdi'ia'ii, the 
well known physiologist of Camliridge, delixereti a 
gem ra! leeliirc on ‘ the psychological iiilerprelalioii 
of tile l^leel^i< al manifestations of eerehral aeliviti«*s.’ 
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Crop Research in India 

The Ailvisory Hoard id' llu* Iinporiul Couiu'ii 
of Ayricidtiiral IHsianli, wliich will nircl from 
Marc h 7 to 1*J, is < ( lo draw iij) a sciriilifir plan 

of ai»Ti(iiIlural ri-scarch. 'I’lic (io\ (‘rni!i«»‘ Hody 
has alns’idy laid down the “cni ral linrs cd' approach 
io Ihc research prohlc.ins in this conniry, and I lie 
conchisiien has hccii ihc urgent need for carry in**- I he 
rcsidls cd* research lo ihe cullivalors. 'The (jucslion 
ol sellinii- lip a special coniniillca' which will i*‘o in- 
to Ihis aspeel oi Ihe mailer is now en^ai»ini>- lh<‘ alien 
lion of the anlhorilies. who it is understood, arc in 
eoimnuniisit ion with llu‘ I'rovineial (hnernmenK in 
order lo ascertain whether Ministers or tlieir Parlia 
iiieiilarv Seeis laries eir their Directors of A^rieiillure 
would prefer to sit on the' spc'cial connnitlec*. 

As reyards the impro\ eirienl of agricultural li\e 
stociv, the' provinces are at present s|)i‘nding an 
a/;-^Te_i»‘ale of Its 2 crores, most of which i'de s to dis- 
trict or^^ani/alions. IHil the* CJovcrnin.!** Itody has 
decided that the Council also should do what it can 
in this Tc'speel. lATorts are heiii^' made to examine' 
the whole ejuestion. and it is fe lt that erne of the most 
iisetul cont riluit iems that could he made is somelhinp*' 
in the' nature ol a survey of the methods of propa- 
i'-anda in diU'e-renl parls cd' India. 

It is also |)roposed lo eolh'ct information as to 
llu‘ ways in which agricultural c-.ri'aiii/alioiis in India 
are' .uivin** dcinoiislrations to cultivators in iinproveel 
mc'thods cd c'liit i\ ation, so that when any new 
method is tound le» he of advantage to a parti- 
cular area it can he tried euit in other arenas 
under analogous eondilions. A mass of materials arc 
hi'inif e'cdle cted on methods that have alre-ady come to 
the' notice' of aulhorilies, and these will he jdae-e'd 
befein* the meetings of the Advisory Hoard in March. 
One of the mc'thods su;;-]u:e‘sted is to demonstrate' to 
\illai'-ers the- results of agricultural research hy means 
of ciiK'ina films which invariahly ap})«'al lo pe'ojdc in 
rural areas. 'I’hi' re'e'oinine'ndations of the Advisorv 


Hoard will In* revie wed at a special niteting' of the 
(jovernin^ Hody in .lime at Simla. 

Activities of the Marketing Board 

A brie f study ed' Ihe re-sults hitherto aehie'ved hv 
the e'c'iitral ma riveting staff slmws that the'v have 
alre ady e slahlislu'd 15 e xpe'riine'iital grading and mark 
ing stations dealing with eight or nine' ditl’erenl 
e ommodilie's for e'xam])lc, eggs, loliae'co. orange s and 
grapes. More' than ,‘12 lakhs cd’ e'ggs. (i.OOO hides, 
ahmit lwe> hiindreel thousanel poimels e>f diH’erent kinds 
<d fruits and 75,000 pounds eif loliace'o have* he’cii 
grade'd and marked according te) the' rules. K\eii 
alle>wing for the' diseareU'd de'feclivt' prexluce' luit 
withe)ut making alletwanee' on saving in freight in 
respe e l of lrans])orl of sue li prealuie' grade d prodiie ls 
in the* e'ase' of fruits have* she>wn (i le> 15 pe*r ee'iil., 
lu-tte r total re turn e'ompared with the' ungraele el one s 
and in the' e-ase' of eggs about 10 pe r e'e nt. e'o eipe ral i\ e 
egg grading asseieialion estahlislu'd in the' Xorlli 
West h’remtier Hre)\ inee* has maele* a net predil etf 
Its. I-.OOO - in the' course' ed' e ight and half months ami 
at the end of the period of expe'rinie'iit has pure'hased 
an e'gg grading mae'hiiU' e'osting about Us. !)()() - and 
has alse) take'll eive r the* graeling staff with a \ ie-w lo 
rinning the station as an inde pe nde nt eeinee rn. H..\a 
minatiem has slmwn tlu' ample se-ope' for reelue lioii m 
the price margin between the |)roducer anel the- eem 
sinner and this eilfe rs a nieisL promising line of eleie- 
lopineiil with the' obje ct of se euring be tte-r priee s for 
the' ))roelui'('r. 'Ihe' jirndue'e'r of wheat and riee- for 
insta’ie'e' ge'ts about 00 pi'i* cent, of the' priee* p.iiil 
by the' eenisiime'r while' in the c'ase* of eggs the jiro 
diie-e-r ge ts one* se'vcntli to twei-thirds of a e-onsume r s 
rupe e. As re'gards ' ghee' ’ the question is e'eiinjilical 
ed by adulteration, but the' producer a|)pare'ntly ge ls 
about 00 or 70 pe'r e'ciit. of the final prie'c'. The' 
position as regards fruits is worse, 'i’he grower e)f 
Nasik grapes gets less than half the prie'c' paid by tlu 
e'onsumer in Hennbay while' a prodiu'cr of Kashmir 
apple's gels about 20 per cent, of the e'onsumer's 
prie'C's. 'riie difference between the' prodiu'crs, ami 
consume rs, jiriccs re'prcscnts the total c'ost of disliihii 
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lion including wastagt* and tin* charges for freigid, 
packing clc. and steps arc being intensively slu<lie«I in 
order to niinirnise these faelors. 

Oil from Grape Stones 

According to Ihi* Herlin eorres|)ondenl 77/e 
7'/7/ie.v, tile latest achit'vcmcnl of (ierman chemists 
is ])rodnction of (/il from grape stones. According to 
experts attached to the UhiiU‘land wim* imtustrv, it 
will l)ecome a commercial possibility within a year. 
It is estimated that 1(),0()() litres of oil can lx deriv- 
ed from the stones alone, 'there is nothing, it is 
(‘laimed, to ])revent the production of a milli(»n litres 
of fine graded grape stone oil / very year. 

Timber Research 

'l’ht“ (fovirnmeiit i>f Imlia, it is miderst«)od. have 
sanctioned the depiilatiori of Mr. S. Kamesam. limber 
devi'lopemenl ami w<iod ])reservalion <»Hieer, I'on si 
Kt'seareh Instiliile, Debra Dun, as llu Ion slry r\ 
pert of tin* proposetl 'I'ra\aneore [’fii\ersily for a 
periotl of thn-e years. 

.Mr. Kfimesam’s main wt»rk will be to earr\ out 
seientilie investigation into the forest resources <d‘ 
Travain'orc and the possibilities of I be replacement of 
ir«m ami sl<'el by 'rravarus»re timix r f<»r engineering, 
building eonstriietion and other allied objeels. 

It is pointed <nil that such a replaetineiit of 
iron and steel by timber has been made by .lapan, 
Sv'Miidinavia and otin r e«viintries and it has resulted 


in great economy with no diminution in »‘fli(‘iem‘y or 
safety. 

Search for Sources of Eugenol 

At the jnsligatie)M of Netlnrlands ami other 
Knropean elnanieal inlensts. the <‘()ni))elent service's 
e)f the Netherbiod Indies ( ietvernimmt an- now isni 
ducting experiments to determine whether the* Nelher- 
lamls Indies may bt‘ee>me a tie pe iidabh' source t>f 
re asonably prieeil vegetable' raw unite rials or e xtracts 
eeiiitaiiiing eiigenol, an essential in the' inannfaelnre* 
of vanilin. Fields of search incbidi* cIom s. cinna- 
mon le'af e)il, and pimentos. 

--7'//e (lu niical .hfi'. 

Higher Fatty Alcohols 

Higln-r fatly alcohols haxe* be-e-n pr<*par<-d in geiod 
yie lil by the' sodium itliyl aleeilml redm'liem eef esle*rs 
by Milehovilch aid Stcfaimvilseli rrnd. 

J'Ht, .‘{Kii). Fapially geiod yichls we-re- obtaimal 
when slarting from e thyl este rs (e.r/.. e thyl olealc) 
ami glvceritle s (oK'in, palmitin, e‘lc.). I’lic mcthotl 
conid also Ik- ;ip))Iieel to the- reelmtioM eif e)Ii\e* e>il 
ami other natural glyccriihs. .Vee'ording to the in 
vestigateirs a yit'M e>f <>() to !K) pe r eciil. is peissiblc 
whin observing the* following precanfieuis: Complete 
frce'ele.m fremi wate r of the' e'lhyl aleeehol and Iht' 
glyceriile-. complelc solution of the fatty snbslanec, 
\ igeU’enis stirring, rapid introdnel ion eif the sodinm, 
anel mainleiianee of the* ethyl ale'olml at the* boiling 
))e)inl thronglmnl the e>peration. 

'I'hr ('lirmicul Atfc. 
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New Subscriber’s Telephone Set Counts Number 
of Calls as Well 

Ajoy Kumar Ghosh 


'rile widr list- of (rli'piioiK* as a iiK'HIis of rf>ni- 
iiuiniratioii has iici'ossilatod (hr invnilion of various 
(h'vicrs of rrcordiii^’ (hr iiutnlur of t liVrlivi* calls. 
'rhouj»h (he jrtncral ])ul)Iic has tt) pay accordiiif*; to 
the niiinlur of cllVcIivc calls rc^isti-rcd in the sid>- 
scriher’s inclrc at the cxchan^-c, liny have no means 
of checking tin* corrc<tnc.ss of tlu‘ statiincid in this 
connexion given hy the teIc])honc company, (‘alls an* 
n'gislercd by oj)eralors in the ease of manual exchange 
syst»‘m, while in the aiilo-excliange, Ihi v are recorded 
automatically. It must be admitted that tln re cotdd 


station (i lephoiie set iiiiairporating the call rcgislcring 
device has l>cen devciopt'd. 

'rids new t(‘h'phone set has two additional push 
buttons projecting outside ami one t digit counting 
meter visibh* through a glass wimlow. A sim|)le 
instrument has to be installed at (he exchange to 
supply series of impulses compounded with tom- 
signals signifying incll'ective calls like ‘ engaged,’ ‘ no 
n ply,’ etc. 'I'he princi])le is that if the ‘ finder ’ 
cannot t-stablish conmation with the called iminbcr 



be ern>rs in the former sysbun although in the latter 
errors are not possible. To do away with lids and 
further to satisfy the natural desire of definitely know- 
ing what one pays for and to get an estimate of the 
nundier of culls any time during the month a new sub- 


or if after the establishment of eonneetion the ringing 
current passes to the called line or the called litu- 
receiver is not lifted more than a certain period, the 
impulse will pass, say at intervals of three, seconds, 
to the calling line. 
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Wlu‘n after r«-moviii^' llie nccivi-r a is 

j)n‘ssr(l, tiu* meter juivanees liy one and only linn 
a eail can he ori^inattal. Mtahanism makes only a 
sin.i!:lt‘ sueh advaneemcnl possihh' t\»r one eall as wi ll 
as only a sini»le eall in one arh anennent. Diiriri”, 
inellVt live tails, wliieli were also recorded, llle (»llu r 
hiilton is j)ressed; the same meler sets hack or relraels 
hy t>ne, hy the impnlsi- a\ailahle only diiri!i,ij; inellVe 
livt‘ calls. Oidy one relraefion afler oin* ad\aneem< iit 
is possil)le. It has been found that generally o\er 
SO', of calls heeome elfeehAe and it neetssilales 
pressini*’ of t)ne hiitlon for them: in ‘JO eases the 
siihseriher smiajihly i^'els his own refiitid hy the st t tmd 
knoh. Nothing- more than lifting the receiver anti 
replaeiiiy; it when tinished. is napiind during- reeeiv 
ini'- calls. The meter is tin re fore l)eyond the etmtrtd 
of either j)arty so as to manij^nlate it to Lin* tlis 
adeantai'C of the opposite side. Another ad\anta;.»f 
(d' the new set is that 1)\ a ke\ the set can lx* render- 


ed inaetivt* lt> ori^inatitm of calls leaving*- it til lo 
reeeiv<‘ calls. 

'riiert* can he two types of such call re^islerinjij: 
ielt'phoiu' sets. oiu‘ for maimal e\ehan<!;e system and 
the other for automat ie exchange system, 'riie latter 
type is nmrt sim})le so far as insitle mechanism is et»n- 
eenied. In the I'oiiner lyp'' a separate lot»p has l)een 
put which is automat itally control hit hy a relay 
durint;- the passa»'<* of rin^ifiii; <‘urrent to the inslrii 
meiit amt thus the circuit for incoming calls has t)een 
separale<l from the circuit for tiultuhiii' calls which 
later must pass throui.*h the meler. Kurtlnr a Hash 
in^ d< \'i(‘e is provided to draw the attention of the 
operator iinlep« iidi ul 1 \ of cradle movement. 

rin new sfl is so dt pt ndahle that hy its inlrodiie 
li«m it is possihle to \ liminale call recordin:^' e(|uipmenl 
installed a! the • \ehanoe .-ind there can he no cause 
of misumh rsla'idiu|> and siispicittn and furtin'r in Llie 
maim.'d sxslim the oper.ilors \\ill lie reliived I roni 
attendinijj to the nieteriu};' join 


Utilization oT Tomato-Seed Oil 


I'.xpi rimeuts in tin* use of tomato seed oil as a 
sul)slitule for linseed oil are heiiii;' earrievl out in Italy. 
The oil «il»lained is semi siccative and is i»ivin<»- very 
satisfaetorv results for paint. The mi\lure heiiii;' 
used is one of .‘tO jn r cent tomato se«(l »vil. with TO 
per cent linseeit oil. The e<onomy of the svstem is 
< usun d hy the enormous vpianliiy of tomal»> se« ds 
availahle from tlu eanninj;' industry. 'I lu- <»rain vvlu n 


press* tl flash iiivts ;dx'.ut ‘JS to ‘JD ]>er *eul ot oil 
with 7*0 per c*nt of water. When the drieil seeds 
are j»ress<*l they .i;iv** ‘Jd'.'t per cent oil, .‘tO .So p**r 
e* III protein, and o‘.-> per « enl ash. 'I'lie oil has a 
l omposit ii>n of l o p< r I'ciit tdeiii. .S I- ‘J p» r cent lin- 
idein, l‘J’l *7 pvr eeiil palmiliii, .S'sp per eeiil stearin 
and ‘J'll jar vent of uusapvuiitiahles. 

Tlir (In mical ./</e. 
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DiolertnV ('onslanl of lonr/ed (j?.S(’s 

hiii'iii'j iMTilt 'T.Mi-s a lai-'.'i* iiumln'i' »»)' iiivi-sli- 
jjatinns liava l)ct ii ('ari'i.'l ni:l in Mi<‘a’sni‘(' ili' 
(lii'Iarf !'i(' <".iislaiii (if an innir.rd in ti’-.lcr 

to trsl llic \;ilii|i!y of fin* I'a 

dritiainl- iliat llir rir ^".nislan* of an 

ioni/(‘f| vas slioiiM la* loss ll:;ni niiilv doci-iM? ii'ir 
1 'ly wIlIi tlin incri-asf of iooir rni- 

o'-'jf I'mI ion. 

1'lio o\ poriiiM'iils with inni/cd nast‘s wore f'i'd 
p(M-t‘oi‘nH'd hy I'.aflon and Kilhy {Phil. A/np 26. 
ofiT. l!Mdi w lu) Tailrjl to any olian*.?'. in il)i> 

di(‘l( <l rio oonslaril \\ lina as van Pol’s in\''sli‘i 
alion (Thesis, rirerld. showed Dial the vahn* 

of the dielei'l I'io emislanl of an ioni/i <l n ‘s was 
”'rea1ei' 1 hall unity and lhal only in tiie east* (d* \ 1 1 ‘\ 
small ionie <‘oiieent rat ion, the value of the dieti «* 
li*i‘‘ eoiislaiil was less lha.n iiiiily. (iullon and 
Cleiinnl iC’(i;np. Rnul. /St. Ill, HtliTi and tJidl ui 
{Ann. (li‘ I^h\)>i<jin' I (I’J, Itt.’IO', also olis{‘i‘ved that 
foi* lilt fa hi'.;h fi*'-(|ueiie('s the values of the 
dieleelric eiiusfaiil of an ioni/ed 'ias was less llnan 
unity foi* small ionizations. rsiiiL*' vva vtdeo'd hs 
rainjinu la Iweeii hs m and l! m. S/.ekely (Ann. dc 
PJmiquc X i. 112. 11*21)' hound that the dieleelri<* 
eonstaiit (d' ionized air was erealef than oiu' for 
all i(.nii<' eoiii'em r,il ions. Vpphdon and West 
ohserved that the d'ehelrie eonstant of ionized ail* 
in a dis<*hai ue tul.'e was slight ly leos Ih.iii oin* for 
extremely small presv;iire,; and for sn»a!l lulm 
euriaaits. .Nppleton and Childs A'liiLM.iU. ( 7 ), Kh 
p. !)()!), IDh’d) also ol)serve<l similar features. In 
lhi‘ir e.\p( rimcnis the piaus <d' the experimeiital 
eondtMiser were inside the tiiseharue Inhe. With 
external eoiideiisei- plates .\|ipleloii ami Chapman 
(Pfoc. Php. Sue. 44, 2-111, 11):;2'. found that the 
dieleeti'ie eonstant of ionized air vvhieh was less 
than one <leer(‘ase(i steadily with tin* ineri'ase of 
I he tube eiiriant. Khast.iiir and Imam {Phil. MaiK 
May, lOdT' found the same thiii”- with eldoriiie 
ami thalium diseharoe tiilu’S followin'-*- a different 
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metho<l. Plae’iin.*: tin* disehariic Inhe between the 
two Lej'hei* wires, Mitra and I’anerjee {Nature, 136, 
.712, 11)2'7) determined tin* value of tlie dieletdrie 
eoji.stant (d* ioni/e(| air tor various fre(pH‘nei<<s in 
tt'e ultra hi'.:h raiipe. 'I’he di(‘leetrie eonstant was 
fi iiiid to be h‘ss than oin* and it varie<l diri*e||y .is 
1 /r n]» to a eertain value id' tin* frecpieiiey whence 
the <i!<‘let'l rie eonstant im-reased as 1 /'■' increased. 
'I'he anomalous iimroa'-e of «li'‘!e(drie eonstant was 
also observed l.iter by Isln'mli'-ii’ and Imam nsimj 
*t lh.*i!ium tube ;ind follow iniv their nn‘thods iloc. 
nl\ Tlw nn!iii.‘''1akabh‘ lurniuL* point in the 
trn‘le«dri<' ein.st.inl 1 I' eurve was also observed 
in about the sam«* i-e'.iion when experiments were 
p( rf"riin I vvith an j*!M-froiiie iin'«liuiii as found in 
a liiuh-vaenum timrmionie valve (Khastivir ami 
Imam. Ind. Ivin. Ph]iirs II. Part I !. 

Pxperimeiitiii'j with pure elect ronie mediiiia. 
I’enluim {Phil. XImJi. iT) 11. -177, iDdlt ami 
PeriHiiann .and l)iirin«> (/bin. de /Viin. ( 2» i I, lllfl 
p)21) I >howed that tin* di(*le< I I'ij* eiuistanl <d‘ llie 
medium was less thari urdty. Kepeatinii' Peremanii 
ami |)iiiin,u's work, Sil {/^hil. A/ai?. 16, 1111, 1!):>:C 
oliserve«l lh;il the value of the dieleelrii* eonstaiii 
vras some! inu’S h ss. sometimes greater and some 
times euual to unity. Prasad and \'erm;Cs I'Xpi ri 
mental results with an ebetronie im‘dium in a 
screen .ja'id v.'dve (Zeds. /. Ph\pih, 99, 7 /S. PJdi’ 
showed some aL'i’eement with hiceles-l iU rmor tin'or; 
for i. nj'er w.-ivelenetls iSlni to 72()iii'. It w." 
poiiUed out by Sil and Kliast -jii* and Imam dia' 
tin* a'toni'dme: variation (d’ the <li(*lecl ri(' ('Oiistam 
<d' an eleelroiii" atmosphere in a hiuh-vaenum valv- 
eo'.ild be explained in vi« vv of e(*rtain ('haraelei 
isties as.stx iated with lhei-mionie valves. 

tJenerally lln*iM* have ]»een three explanal i<'i. 
.liiven of the value of the dielectric et)nslan1 of ai^ 
i(»nized jias or(*aler th;in om‘:- --(l) P«)rmnti»)n o 
ioni<* shi*ath.s on the conden.s<'i* p]at(*s when the;, 
are placed inside the disehariie tube. (Ai)plelon 
idea) (2) Kxistenee of (juasi elastically boui; ' 
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oleotrons (({utton’s idoji), and i'W KlVtM't <»f foti 
diK'tivily a<M|uin*d hy tlio iDiiizcd nu dinni ; idt-a uT 
IVdorsoii, A])]>l(*l()n. Mitra (dc.). 

Tlial till* sli(*al is lias hmi slmun 
l»y A|>l)l<'1nM aii'i C’liiMs. I\Iiasj;.dr ami iiari'jn 
|)a<lliyaya (In hr puhlishrd) liavr slmwii that llu- 
sliralli (*lT(‘(*t is lo hr hnnid rV4-ii wiiru tin* cnn- 
drnsrr plalrs arr ontsidi* llir disrhacitr inns- llu- 
I'oniialion ol* iunir slusifh lirinu' nii ll'r insiilj* ran* 
ra.rr of llir disidiaryi* liihc. Slu-alh htriii.il ion )i,-,d 
littir or IK) rfVrrt in Milra and iiain rj <-’s rxprri 
iii(*nts. Tlir lintton rll'iw'l has Ik'oii ('Naiiiiiird I'V 
Appirion ainl Chapiiian doc. til.) and sh.nx^n lo h:* 
a distinrt pliriioiiirnon iii.l rniiins-lrd will) Ihr 
anomaly. Tin* rondurriv ily ( H'm*! has horn «h i.ion 
siratrd hy Uanrr.irc {Phil. 17, .\prii li‘.“»!' 

ami Miti’a hohls that llm aiminaloiis rise i.t' llm 
dirli'rtrir ronslanl oT ionized air as ohs<i-vrl in 
Ihrir rxprrimriils on Ihr \aria1ioii ni' K uith 1 '/•’ 
ran In' rv plained as diir lo I lie <* »m|iirt j\ ily a«*.j:iii’- 
rd hy tin* nas. I‘’nr1hri* ex p*i'imriilal re‘snlls arr 
auaitrel with intrresl. 

.S. H. Klui.\t*^ir. 

Dietary Prevenlio)! ol Fatty I ivers 

Trirl hyl /? h\ droxyrl hylaiiiiuoiiinm hvh‘oM«h‘ 
was pi'rviously I'rporlrd 1o ha\r rholiiir lihr arlioii 
in prrvi'iil iiiu' fat de'positioii in Ihr !i\(‘r.s id' rals 
rri'riviin^ dirls hinh in I'als and low in (*holinr .imi 
jn'ottin. Us arlioii was ahnul 'id of Ihal ol' 
rholiin*. (diannon, I’lall and Sniilh i IVtodicni. 

U, IT^lh, lh'!7) r»‘(*i>rd I In* rrsnll'> of rxprrimriils 
with two I'nrlhri* rlioiinr analouan s, viz., 'rripmpyl 
d iiydi'oxyrl liylaiiiiiioiiiinn h\di'o\idr iTripropyl- 
rliolinr) and Irinirlhyl ydiydroxy pi'op^l amino 
niuni hydroxide { hoiiiorholinr ). Uronps ol' i-Js, 

• aril of 10 animals or mori* win* |)lar<‘d on iln is 
produriii; 4 ' rilhrr tin* “ rholrstrrol ’’ nr " lal 
Tatty livri*. Simnitaiironsl.y onr id’ Ihr drrivativrs 
or rlioJinr itself was adniinislri'rd lo oIIkm* nronps 
rreriviiij;' the same dirt. Alolrriilar <‘((ni\al<Md 

• luantitirs of tin* eompoiinds wrrr imorporaird 
in the diets. 

Itonumlioline lias hrrn Tonnd to hr im>rr 
rffeetive* than eholine in eonirollinn thr i)rri*rnlaM> 
of j'at in the livers of rats rrm-iviim dirts whieh 


('Jiuse eitlier tin* ‘‘ fat ’’ or ‘‘ eholest(*rol ” fatty 
liver, d'he trijivopyl-i holinr was fmind to hr 
|)hysiolo« 4 irally inarlivt* in nmlra''! with the* 
previous lindlims in rns]ii-i*l of 1 rirl l!\ Irhniiiir. 

II. N. B. 


Isolation of Ascorbic A(i(l from Urine 

Indeed llirl’e is iin rcliiplele pl'noT th;il as‘*«irhir 
;n id is normally pi-rsmt in urine. Ihoindi indirerl 
rviilenro ()hl;iinrd h_\ ;nialysl.s nl' ni’ilir from lloi’iiial 
and ''■enrhiilir siihjrrfs si[,':'jrsls th;!l il is. Altrinpls 
at hiidoriral idrnt i!i( at ion have Tailed due lo 
lu\irii\ id* ni iiK' ilsrIT. Ih iimm. Srarhoroinjli and 
Stewart \ liiorlicm. J., )/, l.'^'ri, l!ld7' I hrm Tme j^ivr 
del.dds of ihrir alirmpi lu\\;irds llte ;ielnal isnla • 
ioHi of a di‘rivaii\r oT asrnrhir jirid from normal 
Ml inr. 

l‘\‘rsidy passed noi‘m:il urine was mixed with 
''UTiieii III l{. oxalii* arid to prodiirr a roiirenlra- 
lion id I id tin* .irl i. 1 L! hlirs o| ihr aridiiied 
nrlnr wrrr (‘vaporalrd al at iiio,',i)tii rir pi-essiirr in 
t '( > to 2 liirrs. 'file dark hrow u roiiernl ra I •* was 
kepi n\rriiivh1. lilh'rrd Trmii Ihr ppl. ;iml rlarilied 
hy noi’ilr. The rxrrss oT oxalie arid was removed 
a.^ <\'io\al;de and tin* drliydroasrorhie arid rr- 
(lured li\ i I S. I lie i xe» s>; of II S was remo\(‘(l 

fi\ ‘ ^ .\n esiimalioii nT a,M*orhie a( id at this 

;.ii.ii I'-. ii-* usual nirl Imds slmwed lhal no loss of 
asri»!;M«- .ii id orriii'ird hy llie ah()\( prm < ^,s. 'file 
urine » o'leeni i .-i Ir was .iridiiird v\ith I It 'I to l2.d/V 
streiivll; .'Ud llir ;iM‘orhie :u‘id oxidised to dehvdro- 
aseorliie hy adding a sliviit rxrrss oT A- Iodine 
sidniion. i! ; I I )inil ruphenx Ihydi’a/.ine sululion in 
tint ik.hA lit'l w a 1hrn ;iddrd and the mixliirr 

imiii .iied ad 4l) loi* t da\s. The prt ripilali*d 

pln i- \ I llMlloaZom* oT deii\ dl o.iseoi*hie ;iei«l w;is 
l‘ill<*rrd. w.aslird, dissolved, ami linally purilird 
;iltri‘ repi'.iled adsorption mi aliiminium oxi<ir, 
rrv.st,'illis;il ion Trom .■irrlie arid I’rom aertoiir or 
a<‘eliine-a Iridiol. Its idmlily was rslahlishrd hy 
its rrNstalliin* Torm. m. i». and mixed m. p. with 
synthrtir arid (d' aiitliriitir spri'inn'ii. 

A .s(rond hydra/.oiir, similarly adsorbed, has 
lu't n isol.'iteil, hut not y('1 idmlilieil. 

//. N. B. 
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Inlernuclear Distance of the Alkali Halide Molecules 

The inroniiHlioii ms rcjiJinls the very ini])<>rt}ml 
(lalilin of a nioleeiile. its inin* iiiH'lear sopavatlon, 
is best (»])taiiio(l ri'oni an atialysis eitlun' of the 
purely rotational hands appearini* in the i?ifra-re(l 
or from that of liie vibrational rntalioiial bands. 
It thus be(*onies a pi’obleni when a mob'eiile refuses 
to (lev(‘lop bands eoime<diim‘ its slate <)f rotation. 
Moleeules whieh are lypieally ionie are found not 
to e-ive rise to band thr»)Uyh whieh any infoi-ma- 
tion re^ardinj^ their rotational state ean be deriv- 
ed, and lienee any inl'ornialimi as rc'uanis their 
inter nuelear si'paralitiu i.s sought from other diree 
tioiis. The tither w ell-knou n method b>r this 
inter-nuel(‘ar s(‘paralion is by a study of the ery* 
stal structure and tlieia* exists a lar<*(' amount td‘ 
data for this (juanlity from a study i.d crystalline 
j)rop«M'ties of alkali harnles. Ibil the inter 
nuclear separation as obtained from a study of 
the crystalline state may not be the same as 
obtained when the mob'cule exists in its purely 
molecular torm un|)urturbed by foi-ces of any 
kind, crystalline or ot liei‘\\ ise. Thus L. U. .Max- 
well, S. li. Hemlricks, and V. M. .Mosely use the 
electron diffrai'iion method i 32, DtiS 

to JMeasur<‘ the intei- nuclear distainn* <d’ 
alkali halide mob'cub's wlien llxw exist in a purely 
molecular state. 

\ v«‘ry sii»iiificant obser\'ation about tlu‘se 
results is that they ar<‘ found to ln> detinit<‘ly less 


(about 10% for the hali<lrs of Na, K, Rb) than 
the correspond i 11 fi’ known distances in their cry 
stal lattice. In the case of (’s halides the dis 
taiices obtained by elect i*on <litifractiou methml 
are as lariii* as b‘ss than the separation 

found in crystals. A table compariny' the inter 
nuclear distance's between the crystal and the 
iras is repr<»(jiU'ed below from tin* above |)ape*r:. 

mb let ion in 
^'oin^ from 

fias. Lattice. «Tystal to 





t he ;^iiS. 

.\a('l 

2.0 1 (A) 

2.S1 t (A) 

lO.S 

Mr 

2.1)1 

2.‘»81 

11.1- 

I 

2.00 

;j.2;ii 

10.2 

KCi 

2.7!) 

H.l.’U) 

1 I.I 

Mr 

2.!) !• 

;{.2!);i 

10.7 

I 

;i.2:i 

:t.;)2l) 

s.l. 

MbOl 

2.S1) 

:i.27 

il.t; 

Mr 

2.01) 

:li-27 

. 10.7 

1 

;i.2(; 

.‘LUl).'! 

1 1.0 

( ’s( ’1 

;{.()u 


1 1.0 

Mr 

;i.i 1- 

:t.7i;t 

l.=).l. 

1 

:t.i 1 

;l!):>o 

L! .(> 


The data on the unclear separation .inivmi 
above* for i»as are expe<‘1<Ml to prove vei*y used’nl in 
lestinii the‘oi*ii*s ed‘ ionic latti<*es, since any sue 
ce'ssful Iheoi'y shonhl pi’ovieb- also a sal isfaclor\ 
explanation ed' the nue-lear elislain'e in yas. 

.S. C. /)(■/•. 


Oil Refinery hydrogen Sulphide found to be economical Sulphuric Acid Source 


h\ L. ('raise and K. S. iJrown. Clwm. ami Met. 
Kiiff. 44, liTtl !l (duly LIdT). ( 'e)n\ertin»: an in- 
elustrial waste* pretelne*! ,irito a hiuhly pretfilable 
by-prodne*| was an e)|)]MU'l unity whieh pre‘se*nte*el 
itself to the LI Sej^iiiielei re*line*ry e»f the* Stamlarel 
Oil ('e)mpany ed‘ California. This plant use*s in 
its erae'kinu plant a e*riiele eiil runninif fremi O'.”) 


tei ’iT) per e*e‘nt sulphur. The* jrases fremi the eriu'k 
injr i)lant run four to six per eeiit hydro^'n 
sulphide by veiliime*. Suitable eepiipmeiit has be*e‘n 
elesi^iie*el for remeiviu'^;, ])urifyiuy, traiispeirtiny. 
measurinji, aiiel analysiiij;- this hyel reiji-eu sulphide 
:\y. we*ll as ceniveTtiiur it later into sulphurie* arid. 

Jour. Cheat. /Iwi- 


S Cl K N C K St 
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A Ni>te on Dr. S. Diitt’s paper on 
** Keri-Ilori and Mustard Oil.” 

Considerable inlerest has rei*(*ntly been focusseti on the 
etiology of epideinie liropay (popularly known as ‘ Beri- 
Bori’> (broUKb the reaearehes oC l^al and Roy' who have 
traced the eaua(* of the trouble to the iny.e.slion «»f an 
unknown poisonous substance, conveyed through the aKeney 
of mustard oil. This announeeinent ha.s naturally drawn 
the attention of numerous investiKalois to an exafiimation 
(»f the various eheinical constituents of pure and adulterated 
mustard oil. 

Allylisothiocyanate, bein^ chiefly responsible for tlie 
pungent smell of mustard oil, has been niosl ineriininated. 
Lai and Roy' have recently :i(Ulue<'d evidence t(» show that 
Ibis constituent i.s not coneerned in the production of .symp- 
toms resemhlirjg epidemic dropsy. Ttu* hydrogen cyanide 
content of mustard oil i.s so .small that attention wa.s not 
previously drawn to the pcissible role w'hich this constituent 
might play in the production of epidemic <lropay. The find- 
ing in certain consignments <if mustard oil of a fairly large 
amount of hydrogen cyani<le by Dr Dutf and the sugges- 
tion put forward regarding the ass()<*iation of thi.s consti- 
tuent with epidemic drop.sy are therefore of very great 
importance and deserve more than a passing notice. It 
will be of interest to examine elo.sely the data presented 
by Dr Dutt and to see whetlier the eonelusions reached 
by him are tenable in the light of modern knowledge about 
cyanide poisoning. 

(1) It has be(*n stated' in page jSfi and page 2.)7 (second 

column) that the .symptom.s commonly a.s.sociated with epi- 
demic dropsy are similar to fho.sp produced by "cardiac 
poi.sori.s like thevetim*, digitoviii. strophanthin. hydiocyanic 
acid and the cyanides." Physiologi.sts. pharnumologists 
and clinicians will find Jl h.'ird to agree with such a .st.ate- 
rnent. Though the etiolog> of epidemic dropsy ha.s not yet 
been finally work(*d out, .suffieient work *' “ ’ has been 

reported on the clinical. ia<liological and patlmlugieal as- 
pects of the disea.se, and the evidence available i.s conclii- 
.'<ive enough to warrant the statement that the circulat<iry 
rrianife.stations in epidemic dropsy are typical and charac- 
teristic and do not agree with the symptoms produced by 
drugs of the digilalis group. Hydrogen cyanide ha.s b<'eM 
unf(»rtunately classed in the s;»nie categDry as the digitalis 
group of drugs. HCN i.s really a poi.'-’on t(» cellular re.s- 
piration and interferes with cellular oxidations and the 
circulatory symptoms a,ss()ciated with cyanide poi.soning 
arc really secondary to a.sphyxia of the tissues. Digitalis- 
likc drugs fire all characterized by an increa.se id 
tone, excitability, eontraetibility and the refractory phase of 
the cardiac mii.scle, with slowing of conduction through the 
auriculo-ventricular bundle. Such manifeslations .ire .sel- 
dom, if at all, met with in cyanide poi.soning. 

(2) The maximum conceniration of HCN reeonled by 

Dr Dutt in a con.signment of oil from Ilenares i.s 0.7 per 
cent., which is equivalent to 7 mg. of HCN per c.e. of 
mustard oil. As is generally known, HCN is one of the 
most pow'orful poisons and the fatal dose is al.so very 
small. The fatal dose has been recorded by different 
Workers •’ as varying from .'M mgtns. to .'iO mgm.s. for 

an adult weighing 70 kilograms. Toxic, manifestatioms will 


he produced by even .smaller amounts. powerfully toxic 
or fatal dose of HCN would therefore be obtainable from 
.*■1 to 7 c.c. of adulterated mustard oil. a quantity which i.s 
not infrequently consumed by a large .section of Hu* Hi'iigali 
population. So far no evidence ha.s been available which indi- 
c-ates that any of the epidemic dropsy ca.ses ever suffered 
from attacks resembling acute cyanide poi.soning by taking 
adulterated mustard oil. Apparently HCN in .such high 
concentrations is not introduced into the .systi‘m. 

(.‘D Mustard oil is seldom taken in an uncooked state 
Most of it is usually eon.sumed along with curriCH and 
fried vegetables. HCN is very volatile and when it is 
.subjected to cooking at a temperature in the neighbour- 
hood of 101) C. it i.s natural to expect that quite a large 
amount of it. if not the whole of it. will he volatilized. 
Dr Dull admits that the small quantity of H('N ordinarily 
obtained from all brands of mustard oil (2 parts in lO.tKK)) 
will be completely volatilizeil in the proee.s.s of cooking. 
It is difficult to .see why under identical conditions, a larger 
quantity of the same volatile substance will not escape 
during the process of cooking which sornetinie.s takes more 
than I.*) to oO minutes. At any rate, if a i-onsiilerahle pro- 
portion of HCN i.s volatilized, the remaining portion, will 
not be ill a eoneenlratlon sufficiently high to prodiu’e any 
undesirable symptoms. 

(4) With regard to t .si-Htemeiit. " iVrhaps the 
constant intake of such oil ., w’ith high H(?N content) 
might produce slow eyanidi poisoning," it may be pointed 
out that HCN i.s .seldom known t< produce chronic poison- 
ing. 'Phougrb chronic cyani le poisoning has been described 
in the older lilerature ’ '* recent workers ' ’ have 

failed to substantiate the.se finilings. On the contrary, 
it ha.s been .stated that the body develop.s tolerance for 
HCN. The human body i endowed witl biochemical 
defen.se rneehanusm wbiel ran detoxify a number of 
chemical poisons. If HCN is ;iilininisteri*d at a rate which 
i.s slower than 11 s normal <-apar'ily T letoxifieation of 
the system'' d mg. per kilogram per hour in rabbit.s and 
0..') mg. per kg. per hour in dogsi, many time.s the ordinary 
fatal dose of HCN could be tolerated. 'I’he IK'N introduced 
is alino.st immediately converted into a eompar.alively non 
toxic compound of the type of IISIW "" or HCNO ' 
through the mediation of the sulphur compounds of the 
body like ystine, eyste glutathione, ete. Whether it is 
a purely oxidati\e corivi‘r.sion or a proee.ss in which 
»*nzyniatie reaetion (Rhodanase i enters i.s still an open 
question. The reactions which take plaee may be 
repre.sentt li as follows; 

'■■f «HCN ■R.SII ♦«. .'ra rH.,ai. 

(CylU 


H > ” S 

■ I < KCM tHjO - JR.3I ♦KCRO. 

It will therefore be appreciated that slow cyanide 
poisoning is not possible on tlieoretieal grounds. HCN 
either brings about an acute toxicity or is completely 
detoxified in the system. lnge.stion of sublet hat doses of 
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HCN for evt*n a long poriod is thoreforo not likoly to load 
to slow cyanide* poisoning. 

These considerations indicate that the suggestion put 
forward by Dr Dutt with regard to the causation of 
epidemic dropsy through the constant ingestion of large 
quantities of hydrogen cyanide, which is obtainable in 
certain brands of mustard oil, is little fur-fetched and is 
not based on the modern conceptions regarding the 
physiological rcaclion.s of HC’N on the system. Unless 
more conrlusi\e biological evidence is available the sugges- 
tion cannot be developed into a theory. 

Biochemical .Standardi/atioii Laboratory. H. Mukerji. 

All India Institute of Hygiene and Public Health, 

Calcutta. 

2,V12-:t7. 

1. I/il k()\, lud. J<un\ Muf. hV.s*. July, 1 HT. 

2. L.il K'ly. I'rtir. Ihd. Sci. ('nHfp'Hifii. Ah.sttacts. ]). 
2H, I'H.s 

.5. S. Dun. >’t / A’ ('ul , ■{, l'>.r. 

I t'ho|ji.i \ t ljoinlliui V iS: D.-. hid Mc«L f/ar. )‘v. Jmii. 
I'tU. 

> ^. hiipra i inmillnirv. AuHni' pt u\ l*el» 

0. t-liopra. t. li.iui llnir \ iV Sen ( lUpfa, imi . l/td. fiV/..?. 


hyacinth and (3) rice straw. First of all they were dusted 
to 20 mesh sieve and for the extraction of lignin, 72% 
sulphuric acid was used in each case. The lignins were 
washed repeatedly with hot water till they were 

completely free from acid, and dried at lOO'C and 
from the filtrates acetic acid was estimated. The 

Jignins were ignited in platinum crucible to red 
heat by adding alcohol till carbon-free ash was obtained 
and the difference in weight of the crucible gave 

the weight of the ash. It is quite evident from the table 
that ash contents of Ciongwa and water hyacinth lignins 
differ slightly whereas the a.sh content of straw lignin is 
very high. Pure cellulose was also obtained from the same 
sources by the c.hlorine peroxide process. The lignins were 
exhaustively methylated and acetylated by dimethyl sul- 
phate and acetic anhydride re.spectively and the methoxyl 
;iiid acetyl groups present before and after the exhaustive 
mcthylation and acetylation were estimated by the usual 
processes. It is obviou.s from the table that the methoxyl 
and acetyl groups of the lignins from different sources are 
not the same. The lignins were also chlorinated and nitrat- 
ed by chlorine gas and 5 A/-Nitric acid respectively. Th<* 
chlorine contents were determined and the soluble and in- 
soluble residues left after nitration were examined. 'The 
nitrogen content of the solid re.sidues wa.s determined by 
combu.Htion and the soluble re.sldues were shaken with ether. 
The ethereal and aqueous layers .showed on examination the 
pro.sen(‘tt of anisic acid and oxalic acid respectively. Tin- 
vapours obtained by heating lignins with 127' H(M did noi 
react with phloroglucinol, showing the absenci; of peiitose.s 
in lignins. The carbon and hydrogen cont(*rils were al.sw 
determined by combu.stjon. 
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The results, as shown in tin* following table, indicate 
that under the same reaction conditions the lignins from 
different sources do not behave identicolly. 

7 on the wiMght of dried .sub.slHnce.s. 


1 1. 


Gongwa 

Uice 

straw 

Walcr 

hyaciiiili 

lagnins 

M1.2 

24.2 

15 7 


Acetic acid 

4.0 

9 9 

10. 

der . 

Pure c*ellulnse 

Wi.O 

n.G 

42.0 

1 M2 V 

7f on tin* 

weight of 

in’id free lignin. 

mt. 


Gongwa 

Rice 

straw 

Water 

liyacirilh 

k nnati* 

Ash 

.\let}iox.\l (jlroiip: 

1.92 

2 a 

1 (i 

liigan. 

Before mcthylation 

14.2 

4.17) 

2.«> 

Ulrica 

After methylation 

.\eet.vl Croup: 

2fi.2 

11 9 

11 :i 

Before acetylation 

i.;j 

2.2 

i 1 1 

h.3. 

After acetylation 
Chlorine (after 

2r).2 

;{r).r, 

:u.9 

chlorination) 

Nitrogen: 

17.;; 

16.1 

29 2 


In solid residue 

6.7 

3.9 

Jl.l 


Ethereal layer 

Anisic acid 

Anisic acid 

Anisic acni 

*'xper. 

Aqueous layer Oxalic ,, 

Oxalic ,, 

Oxalic ,. 

Carbon 

53.8 

42.11 

29.0 


Hydrogen 

5.13 

3.25 

4.18 


The piece of work was carried out in the Department i»f 
Applied Chemistry. University College of .Science, Calcutta. 


StiidleN un Ligiio-relliiloKe 

The pre.sont work deals with the nature of Lignin. In 
this investigation the behaviour of lignins obtained from 
different .sources under identic.Hl reaction conditions was 
.studied. The sources of the lignins were (1) h'.reoeraria 
atftil lorha (vernaeular Gongwa) .saw du.st, (2) dried water 


Ranchi. P. N. .Sengupta 

7-1-.38 H. K. Sen. 


Maniifai^ture of Pharmaceuticals in India 

I was very glad to read in the December issue d 
‘ .Science and Culture,' the first instalment of the article on 
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LETTERS TO THE EDITOR 


“ The future and prospects of Drug Industry in India ” 
by Messrs J. C. Gupta and B. Mukcrjce. Unfortunately 1 
find from the article that the authors aiv quite unaware 
of certain facts regarding the manufacture of alkaloids, 
etc., going on in India. The manufacture of Slrychniru* 
has been going on in the very heart of Calcutta for a large 
number of years in the factory of Messrs Smith Slanlstreei 
& Co. Ltd,, IS, Convent Hoad, Entnlly. Aecrn'ding to the 
information obtained from the Manager as w(‘ll a.s from tin* 
impression formed by me in going through their factory 
every year during the la.st five y(*sr.s, it v^-ould liot be far 
from truth if I say that about 50'^ of the world eonsump- 
tion of Strychnine is being manufactured in CaJciitfa. Of 
course, there is a pn)blem about the <lispo.sal of the by- 
product Brucine which has to he .sold at a very cheap lah*. 
Hegarding Caffeine, 1 am informed that if wa.s manufactur- 
ed for some time by Messrs Smith Stanistreet Co. Ltd., but 
they had to give it up due to the reluct an<e ol the Tea 
Association to supply them lea du.st ov»*n at the .same price 
as paid by the American importers. Some morphine is al.Ko 
being manufactured at the Government Opium Factory, 
(ihazipur, but of course, there is a big field for under- 
taking the preparation of various .salf.s of morphine by 
Indian concerns. As regards Sanlonine. it i.s being manu- 
factured at Baranuila (Kashmir) for tin* la.st few ye.ars. 
In the year I‘)*29. I tried to get Artcmesia from Kashmir 
but I wa.s informed by the Director (»f the Foi<‘.st Hc.soarcli 
Institute, Dohradun. that it could not Is* sujiplicd to U. I*, 
from Kashmir and that a certain Hritish lii-m Jiad taken 
the monopoly of the same. 

By the above. 1 do not mean that there i.s no future for 
the Drug Indu.siry in India or that we .•^lu.ulct not miilor- 
tiike the nuinniaoture of alk.aloid.s, or other subatanci^.s not 
so far manufactured here. On the contrary I feel that wi 
should try to manufacture all llio.se prodiict.s of which the 
raw materials are available in India. Wh.at 1 depre<-ale i.s 
the tendency among Indian mainifaeturers .siinplv to copy 
the product .s made ne.<t door by IJieir competitors without 
at all thinking of taking up new ljm-.s of activity. No 
firm thinks of experimenting on the manufacture uf .syn- 
thetic camphor, vitamins, liornioiics, etc., but a pharma- 


ceutical manufacturing concern does not hesitate to take 
up the manufacture of printing inks, bool polisho.s, etc., 
though these products may have nothing to do wdth the 
Drug Industry and w'hich are being manufactured by other 
industrial concerns. Manufacture of a large number of 
synthetic organic drugs couhl be undertaken hut unfortu- 
nately nobody think.s on those Im-s. vi.sit to thi* 

various manufacturing eoncern.s olTen make.s me despair 
when I find that the same thing i.s being lepeaied and 
copied everywhere and .sometimes wrongly, leading to 
pric4*-eiitf ing and marketing of umleislamlanl drugs. One 
person w'ho had originality and love for researeh on new' 
lines i.s unhappily no more with u.s. I mean the late Mr. H. 
Fooper, who in the mid.st of his numerous admini.strative 
duties, w'as always .seen carrying on rcscai*chi‘s on the 
utili.sation i)f Indian resources. I wi.sh the manufrK'tur- 
mg concerns in (\ilcutta show' soim* originality in the 
tdiarmacculical field and take up products uol at all manu- 
factured in Triilia instead of dissipating their energy in 
doing things w'hich may do good to nobody. 

Department of F^harmacc'utics, 

Henare.y Hindu Thiiver.sity. M. L. .Scliroff. 

13 I -.'IS. 


.Metallic (’oniplexes with Oxaleiieiliuriiidoxiine 

Dxalt'nediamido.xime’, (NH'i).- ('• (NDH)., b.ss been found 
to combine with Ni •, Ou *. Hg*-. ele.. t<» form coloured 
inner metallic cfu.jplexes of the type MeB-j, where 
B CMl'.NiOi. The niek(‘l compound i.s completely insoluble 
in water umler certain conditions, and r.ravimctric esfima- 
tion.s up to ’Olg. Ni have b«‘en success fully earried out. 
'I’he estimation of im'reuiy i.s in progre.s.s. 

'rhe eff(‘ct of substitution of the amiinj group by 
(NHsCONH) i.s un<li*r investigation, and det.'iils of re.sults 
will be publishiMl elsewhere. 

St. .lo.seph'.s (’ollegi*, Kamgopal (’halterjee. 

Darjeeling. 

31 - 12 - 1937 . 

1. Her., 1931 (iSSin. 
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Poison Gases in Modern Warfare 


The Great AVar of 1914-1918 was responsible for 
the development of a technique in attack and de- 
fence through the use of chemicals which were not 
explosives. Early in 1915 it was apparent that the 
war of attrition had begun. The battlefront in 
the west expanded from the Swiss mountains to 
the sea; the British fleet were effectively prevent- 
ing the entry of essential raw materials into 
(rei'Tuany, In their desperate attempts to break 
through this cordon in lainl and sea, the German 
High Command determined to adopt measures of 
extreme ruthlessness. Indiscriminate submarine 
attack ill sea and extensive use of poison gases on 
land were the outcome of this policy. ^ 

Never was the critical factor of surprise in war 
nearer success than when the Germans launched 
their first gas attack at Ypres on 22nd April 391t5. 
Field Marshal Sir John PTeneh described the situa- 
tion as follows : — 

"Following a heavy boinbardiiieiit, the enemy used 
poison gases for the first time. Aircraft reported that thick 
yellow smoke had been seen is.suing from the enemy 
trenches. What follows almost defies description. The 
effect of these poison gases was so virulent as to render the 
whole of the line held hy the division incapable of an^- 
action at all. It was at first impossible to realize what had 
actually happened. The smoke and fumes hid everything 
from sight and thousands of men were thrown into a coma- 
t<»se and dying condition and within an hour the whole 
had to be abandoned together with about 50 guns.’ 


Competent critics nre of opinion Unit if the 
Germans hud completely grasped Die probability 
of such colossal success and pre.ssed the advantage 
with rigour, the channel poris might have fallen 
and the fate of the war might have been otherwise. 

In May 1915, the Germans made similar gas 
attacks upon the liussians immediately west of 
Warsaw and with equally deadly results. “ The 
gas was discharged for a total lime of not more 
than half an hour on a front of about 6 miles. The 
affair seems relatively small, yet what was the 
result ? The Kussiaiis lost not less than 5000 dead 
in the field and their tolal casualties were 25000 
officers and men." No other weapon could have 
produced results under the most favourable condi- 
tions for its use in as many days what gas was 
able to do in as many minutes. 

Poi.son gases having proved their deadly effi- 
eicney, their employment on a large scale was 
decided upon by all the combatants. In the early 
attacks the gas under compression was discharged 
from cylinders into the no man’s land in front 
of the trenches by means of lead pipes, and was 
transported into enemy lines by favourable winds. 
The advantage of being able to command the 
locality of the incidence of gas cloud was imme- 
diately realized, and ga.s shell came into vogue. 
The poison gases can generally be compressed into 
the liquid state; and into the shell were charged 



POISON GASES IN MODERN WARFARE 

ihes<" liquids, which, by the use of a small amount 
of hijih explosive in the shell, were converted into 
tine mist when tin* shell burst. Since yases can 
diffuse a wide area, the ^^as shells need not 
1 ) 1 * tired i'rom ^nns with the same accuracy of 
ai)n as hi^h (‘xpiosive slo^lls. (tuns of simpler 
mechaiiitail design can therefore be used for this 
purpose, (leneral Ludendorf tells us that <lurinj»: 
tl’.(‘ bi^- (Jerman atiai'ks «)f I ills, oas shells 
were us(‘d against artillei'y and infantry \n (pianli- 
ties which had n(‘V(‘r been seen Ixd’ore, and even 
in opmi warfare, the troops were askin**; for j^as. 
Jt is surmised that about oO'V, of the shells tired 
in the last phase of the war were “as shells. 

The cond.)ination of poison »as with aircraft 
presents the ])ossibility of attaining: stratejfic 
effects of immense value by chemical. means, Tlie 
actual hostilities need no lon“:er be confined to the 
battlefnmt alone, and the extensive us(‘ of poison 
“as bombs a“ainst civilian population has now be- 
come <‘ommon practice. Italy wofi the war in 
Abyssinia chiefly with the aid of this weapon. 
llarrowiiiiLi' tales of air-attack now reach us fre- 
quently from the theatres of war in Spain ami 
(diiiia. Tlie cruisin“' distance of aeroplanes is 
ra[)idly increasin'*’, and <lestruction of eTiemy head- 
<piarters evoji at a distance of 2o00 miles is not 
outside the rany:e of p?*ol)ability. .\nti-aircraft 
measures and anti-“as precautions have therefore 
become imperative in the cities of Western India 
which are within the strikiuj^ zone of powerful 
aircraft operatin}|f from lu)stile bases in Africa. 

Poisonous j*ase.s may be classified in terms of 
their physioloHieal action or in terms of their 
tactical value in military operations. The simplest 
“aseous iioisons have asphyxiatinji: jiroperties. 
The i)oisonous action of carbon monoxide, for ex- 
ample, is chiefly upon the blood which is prevented 
from trans])orlin“ oxyj»eri, althoii}»h the lunf»s 
are well aerated. Hydrocyanic acid, on the other 
hand, directly poisons the tissues which are pre- 
vent e<l from usin“ oxyj*en althoimh it mij’ht be 
brou“ht to them in ample amount by the blood. 
In concentration of 800 parts per million it is 
rapidly fatal. The French use<I this j»:as in lai’j^e 
(luantities and had very definite evidence of its 
mortal effect upon Herman j»unners. 
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The irritant {<ases produce lesions and cun{,^es- 
tions in the respiratory system and cause death 
by .suffoeation. Chlorine, phosgene, diphosgene, 
cyanogen chloride, chloropicrin, chlormethyl chlor- 
formate are some of the ])ow'erful irritants whose 
deadly efficiency in war has already been demon- 
.st rated. (Mdorine and jiliosgene are fatal at eoii- 
ccntralions of 40 jiarts iier million and these were 
the two gases whieh inflieted such heavy easualties 
in the allied armies in 1910 . 

Another type of gas whieh has great military 
value is known as Lachrymators. They produce 
temporary or permanent hlindness liy weeping. 
Typical examples of these poisons are mustard gas, 
bromaeetorie, xylybromide and many complex 
bromine compounds. An ae(*ount of the first 
mustard gas attack by a Hritish officer is given 
below : - 

‘ We were gassed l>y the niustar'l slufTon July 22, mi 7. 
The gas was clearly vi.sihle and had exactly the same 
smell fis liDtse radish. It had no immediate eflTcct on the 
eyes. We suspected a delayed action on the lungs, and I 
gave orders for all to put on the mouth-pieces and uoseclipv 
of their masks so as to breathe none of the stulf. Next morn- 
ing all of us were absolutely blind. The horrid stulT h.id a 
tlelayeil action on the eyes causing temporary hlindness 
about seven hours afterwards. The casuallx elearing sta- 
tions were tivercrowded. I however recovered and on tin- 
IStli .August I was sent to a hospital at homo with my eves 
still very hloo'lshot ami in an i‘xtreuiely weak condition". 

Mustard gas lias also another property which 
revealed tlie possibilities inherent in chemical war- 
fare. It produced vesicant or skin-burning effects, 
which, although rarely mortal, were sufficient to 
put a man out of action for several months. Ex- 
tensive researches in the direction of preparing 
more nowerful vesicant poisons are in progress all 
the world over, and the Americans claim to have 
prepared a liquid called “ methyl ” wdiieh is so 
powerful that a drop anywhere on the skin wouhl 
cause <leath in a few hours. 

The chemicals which produce sneezing caiac 
into use in the later phases of the war when lli»‘ 
mask had become a part of the soldier’s noniijil 
equipment. Tyjiical substances are some arseni‘‘ 
derivatives — diphenyl chlorarsine, di phenyl eyaiui i- 
sine. These are solid substances enclosed in 
shells and are transformed into ultramieroseopi<’ 

44t; 
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dust when Iho sliolls burst. This dust was 
(?d to ponotrato the protect in« nialorials in the jjas 
mask which arc meant tor al)sor])inj*' j;ascs and 
vapours. Once a speck jfets into the nose, violent 
sneezinj*: accompanied by int<‘nse irritation ot‘ the 
nose and throat bej’ins; the i)roleetive mask has to 
he taken oil* and then tlu* other Udhal ^a.ses have 
full play on the victims. 

The jreiieral protoplasmic poisons, specially the 
compounds of nKM'cury ami lead, are now reeeivinji- 
special attention. Tetraethyl lead is now in com 
mon use as an anti-knock com])onml whieli is 
blended with jAasolene. Larj^ely diluted with 
petrol it is almost harmless. Itnt its vapours may 
1)0 absorbed into the system through tin* liin«:s; 
and acute poisoninj>‘ takes viobmt numiacal form- 
the patitmt often committing suicide. The <rreat 
.surprise of the next war may l)e the Iarj*e.seale 
use of such compounds, which by absorption 
lhrouj»h the lunjis or tlu* skin Avill derange the 
nervous system of the combatants and throw entire 
armies into confusion. 

Lastly, we eoiju* to tiu^ camoullaj»t‘ cliemieals. 
Tliey are extri'inely malodorous compounds like 
bulylmer<‘aptan, dimethyl thioearbonate which are 
useful to mask the presence (d* lethal ‘‘a.ses. Such 
(‘ompoumis have an obvious military value. They 
^■nforce the continuous use of the ))roteetive mask 
which is extremely disaj 4 re(‘ahle to the wearer, or 
in the alternative, eneoiirajic a fatal car<*les.snes.s 
in the individual’ soblier. 

From the point of view of military opera! ion.s 
I he poi.son ^■as(‘s may be <livided into two ela.sses- - 
the persistent types and the uon-i)ersislent types. 
The latter are. relatively volatile substances which 
are useful in attack as it entails little ri.sk to 
occupy the around vacated by the enemy a f(‘w 
hours after the ^ 4 as attack. The hi^ihly persistent, 
hi“:hly lethal compounds have introduce<l a new 
typ(‘ of strategic and tactical obstacle, Mustanl 
uas is par excellence the war chemical of this type. 
In the (lermaii offensive of March 191S, Ihe 
L'ermans ])n)tecte(l their Hanks by exlensiv<* use 
of mustard f»:as which practicaHy converted open 
JU-eas into absolute obstacles against the movement 


of hiiffc nia.s.ses of nu'n owin»: to the cc‘rlain1y oi 
a hi»»h percentage of casualties. It is said that for 
purposes of defence, the (leriuan lliah Fouimand 
believes more in chemical barraj'e.s tem])orarily put 
up than in permanent costly fortifications which 
often become death-traps. 

Devices for the protection of the indiviilual 
ajrain.st th(‘.se i>oisonous chemicals havt* tried to 
kee]) pace with i)ro«j[ress in attack. The ^as mask 
is desi^iicfl to protci't the eyes, nos(‘, throat ami 
the skin of the face. Tin* American pattern is 
shown in the following diaj»ram. The mask proper 
is made rubberizeil fabric and is title<l with eye- 
jilasses ami with inlet and outb‘t tubes fitt(*d with 
valves. The inb‘t tube is joined by a rubber tubinj* 
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to a canistei’ which contains absorbin}.>- materials 
llirouu'h which the air must pass duriim inspira- 
tion. The canister is IixcmI on tin* (*hest of the 
wearer. The chief disadvantage of a mask is its 
resistance to breathinj*'. This resistanc(‘ becomes 
less as the thickness of the absorbinu' material 
decreases. Intensive res(*arches are in proj»r(*ss 
with a view to increasiim the etficieiicy of tln*se 
abst)rb(*nts. h’or protection aj»ainsl sneezinj^- com 
pounds a disc filt(*r })rc’pari*d by a special m(‘thod 
from thi’cafls of cotton is fi1tt*d on to the 
canister. The last WfU'd has certainly not been 
spoken in tin* striie'jije be1w(‘en tlu* mask ami the 
cln'iiiicals attcmptiim In pen(*trate it. In d’able 
I are j^iven the types of canister for protection 
umler various conditions rcf'ommended for use in 
lb S. A. 


447 


Yol. III. Mo. % 
UARCH U38 



POISON GASES IN MODERN WARFARE 

It is very difficult to counter the effect of 
vesicant poisons or poisons which are absorbed 
into the system throuf*:h llic skin. An oil-skin 
undorjjfarment and rubberized fa])rics for outer 
{irarments appear to be the only solution. The 
physiological effect of such apparel, which abso- 


They are, in times of peace, engaged in manu- 
facturing acids, alkalis, fertilizers, dyes, drugs, etc. 
But, at a moment’s notice, their activities can be 
switched on to the production of war chemicals. 
If an ounce of a chemical having great military 
value has once been prepared in a research 
laboratory, it can be produced in tons in these 
factories in a fortnight’s time. In Great Britain 


TABLE I. 


ConditioiKs 


(1) Protection igainst organic vapours, 
.siicli fi.s aniline, gasoline, benzene, 
ether, toluene, and the like (when 
not over 20 per cent in air) 

(2) Protection against acids such as hydro-, 
chloric, sul))hur dioxide, nitrogen 
j)eroxide. chlorine and the like (not 
over 1 per cent in air). 

(.1) Protection against ammonia gas not 
over 3 per cent. The .3 per cent limit 
cannot be long endured by the wearer 
because of the skin irritation from 
the gas. 

(4) Protection against carbon monoxide 
(not over 3 per cent). 


(.S) Protection against all of the above 
ga.ses ; the “all service mask”, 

(6) Protection against a combination of 
organic fumes and acid fumes. 

(7) Protection against amiiionia and - 
smoke. 

(S) Protection against hydrocyanic acid 
gas (not over 2 per cent). 


Contents of Canister Colour of Canister 


600 cubic millilitres or more of activated Black 

charcoal. 


600 cubic millilitre.s or more of soda lime 
or fu.sed caustic soda. 


White 


Copper sulphate and charcoal. 


(keen 


A mixture of metallic oxides known as Blue 

“hopcalite" which catalyzes the combustion 
of carbon monoxide with oxygen from the | 
air and produces carbon dioxide. 

All of the absorbents mentioned above, but Red 

only .small amounts of each. 

Activated charcoal and soda litne. Yellow 


Copper sulphate and charcoal with a filter Browti 

pad for smoke. 

Caustic soda impregnated on pads. with a green 

; stripe 


lutcly prevents ventilation of the skin, specially in 
tropical countries like India, lias not ycl been pro- 
perly studied. Til any case, the mask and this 
kind of protective clothing imist be very disagree- 
able device’s to the wearer and there is no denying 
that the physical and mental efficiency of the 
wearer goes down very considerably. 

The clieiiiieal industries of Geriiiaiiy, England 
and America hav(5 eeiniprnent and assets which 
may bo valib'd at a thousand million pounds. 


alone, it is estimated that two million pounds are 
spent every year for researches on these war chemi- 
cals and for the perfection of devices for prolce 
tion against these poisons. Experience has shown 
that a nation which is industrially backward has 
practically no means of self-defence in a modern 
ivar. War-work of this type is being carried onl 
with such secrecy that it is difficult to forecast the 
surprises that are in store even for industrially 
advanced nations wlien the big powers go to war 
next time. 
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The Future of Statistical Work 


K. A. Fisher 

Galton Profejsor of Butccnics. CJniveraity Collose. E^mdoti. 

In the original sense of the word ^ Statislies ’ 
was the scienec of Statecraft; to the political 
arithmetieiau of the eighteenth century, its func- 
tion was to be the eyes and ears of the central 
government. It could tell the Prince how many 
able-bodied men he might moliilize, how many 
would be needed for the essentials of civil life; 
how numerous or how w'oalthy, were sectarian 
minorities who might resent some contem])lated 
change in the laws of property, or of niarriage; 
what was the taxable capacity of a province. Ids 
own, or his neighbours. 

This aspect of statistical information seems t«» 
liave been long iu‘glected in Kngland, and we 
should have to look as far as Italy for a centraliz- 
ed statistical service capable of ensuring that II 
Duce is the best informed ))otentate in Europe. 
Jt is certain that the power which such knowledge 
gives, like the power of lethal weapons, may be 
a])used. On the other hand, it Is in the public 
interest that statesmen responsible for political 
(ieeisions should b<* able, so clearly as is possible, 
to foresee the consequences of their public actions. 

In denioeratic, countries the emphasis has long 
fallen upon the important task of provi<ling public 
infonnation. This function of official stati.stics is 
of value both for the aid it gives to private enter- 
prise to use its initiative wisely, and for allowing 
public opinion an opportunity, at least, of aecpiir- 
ing such a knowledge of quantitative facts as will 
enable it to pursue aims which are not only 
worthy, or desirable, but arc also within the 
bounds of practical jmssibility. It enables public 
opinion, If it will to size up its problems. The 
Socratic dictum know thyself is applicable 
even more to peoples than to individuals. 

Statistical work is also largely employed as a 
means to internal effi'eieney in each great depart- 
ment of Clovernmcnt. I need not stress this aspect of 


official statistics, which is not, I believe, (M)mmonly 
neglected; save to point mit that here also the 
official service requires a supply of men, who, if 
they are to be competent, should have at least 
some specialized statistical training. 

More recently, the great centres of scientific 
research have discovered that statistical science 
has a vital i)ai*i to play in all quantitative problems. 

I will later give some acc«mnt of this devel<q)menl, 
which has revolulioniziMl the teclmieal methods of 
statistics, and has greatly (‘xtended the ])iiblic. 
functions it can fulfil. Heads of research institu- 
tions in all countries are feeling the advantage* of 
having as right-hand men statistie*ians technically 
capable of drawing up a research ])rogramm(‘ or 
of applying to a projected research a rational and 
<»bjective criticism. 

I have formed an oi)inion, which, be it right 
or wrong, 1 should like ye)ii to l)ear in mind 
throughout this a<ldrcss, that statistics in England 
lias snlTeTCfl severely fnmi the wide se])aration, due 
to onr long political history, which has grown up 
between official and academic statistics; (»?■, to 
speak functionally, between flu? duties of collec- 
tion, enumeration, tabulation and publication, 
which absorb the. time of official statisticians, atul 
the <luty of study, analysis and interpretation, 
which falls to the lot of the* mathematical or 
theoretical statisticians. A Ixxly, such as the 
Koyal Statistical Society, docs something to bridge 
this gap. 

How wide the gap may seem may be illustrated 
by some witty eomments made by A. L. Howley 
in criticism of the presentation of official data. 
He was moved t(» draft an ideal footnote, which 
might find a place in any government publication. 
I cannot recall his exact words but the following 
is an attempt to recapture the spirit of his 
criticism. 
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Footnote: — (a) The leniis used in the headinj^s 
and margins of the table are all employed in a 
teelinical sense, known onl^v to oflieers who eompil 
ed it, and whieh they are unable for ofTieial reasons 
to divulge. 

(fc) The sub-divisions of tlie table and the 
regi(m to whieh it refers have bec'ii ehanged sinee 
the last return was published. 

(c) ItefoiT tabulation the data liave been sub- 
jeeted to numerous adjustments, allowanees and 
other eoi'reeti(jns, of a kind to vitiate any tests of 
signifleanec* whi(‘h the reader may be tempted to 
apply to them. 

The aeademie mind, as we know, is sometimes 
eapable of assuming an aggressive attitude. The 
otlfieial mind, on the eontrary, is and has to be, 
expert in the art of self-d(‘fenee. If half of 
rM)vvley^s indietnu'iit is true, it will always be easy, 
when aiialytie methods are rashly applied to offi- 
eial material, to show how fre(|uenlly the material 
falsifu's the assumptions nunle in the eourse of 
analysis; to sn(‘er at the elaboration of the ealeiila- 
tion <‘mployed, or at the refinements whi(*h have 
been introdiieed, always without emphasi/ing the 
obvious faet that the more imperfeetly the work 
of eoiiipilation has be(*n done the more elaborate 
and diflieiilt must be the task of extraeting objee- 
tiv(‘ inf(U*mation. My j)oin1 here is that in 
<leveloping her statistieal serviees India might 
learn from the dilTieulties whieh Kngland had 
eneountered, and siuuehow eontrive neither to 
allow ofHeial statistieians to be blinded by ignor- 
anee of nudlnal, nor to allow aeademie statistieians 
to be sterili/.e<l by laek of res])onsible experienee. 

So re(*ently as twenty years ago the task of the 
slatistieian, faee<l with an aeeumuiate<l mass of 
observational data was understood to eonsist in the 
(aleulations of eertain average valiu's; by that 
time also it had bei^oim* usual to employ the 
(juantities of the s(*eond degree, sfpiares and ])ro- 
diu'ts, to elicit from the data what are known as 
“ ]»robable errors ”, regarded as appropriate to 
the average values obtained. In putting the 
matter in this way I meaii a wide interpretation 
to be given to the term average, for these are of 
many diflVuvut kinds and any large body of data 


will yield an immense variety of them. \Vhich to 
choose must depend partly on what sort of infor- 
mation it is desired to obtain, and this part is not 
properly a statistical question. But expert statis- 
tieal knowledge was recognized to be necessary for 
a comprehension of the arithmetical processes 
sullfieient to ensure, that they were appropriate to 
the meanings to be placed on them. This narrow 
measure of responsibility was however enlarged 
by the fact that all extensive bodies of data are 
liable to contain information (Ui points which were 
not in view when they were collected; to recognize 
such information, and to find the means of eliciting 
it was most stimulating part of the statisticians’ 
task. 

As an illustration I may point to the wide- 
spread and important type of data kmjwn as time: 
series; such as are provided by annual figures of 
births, deaths, exports. i)im'es ami the whole range 
of vital and commei’cial statistics, the pi'()per treat 
men! of which has beem a c-lassical probbmi to all 
who are interested in national or sociological 
(juestions. Data of the same kind are amas.sed by 
nielcoroh)gisls, and aris(‘ when agricultural experi- 
mentation is carri(‘d out continuously on the same 
land. In studying suc'li data as this at Kothamsted 
it was found that a series of av(‘rages, using 
weights determined by position in tin* sef|uence, 
would provide, first, the linear tiauid repre.scmtijig 
the greater |)arl of soil deteri(»ration, next, a few 
terms repirsenling other slow changi's ascribable 
t(» changes in variety, cultural practice ami inteii 
sity of weed infestation, and finally, a residuum (*f 
more rapid fluctuations dominated by the variation 
of the weather from season to season. Moreover, 
the .separation effected in this was such as to alhnv 
the \T:’r-fo year fluctuation to be studied in rela- 
tion to meteorological causes, just as if the series 
were not aU'ected at all by the large, slow changes 
actually present. 

The classical theory of errors due to the great 
Derman mathematician (Jauss had shown how the 
interpretation of such estimates could be sided b,> 
taking account of the whole body of discrepancies. 
The residue of unexplained variation provides, in 
fact, the material for the calculation of probable 
errors, or in more nnulern usage, of standard 
errors. Fii 19()S the late W. S. Dossett, whose 
untimely death last year still casts a shadow on 
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our discussions, wrote under the pseudonym of 
“ Student a paper, little appreciated at the 
time, which opened the door to a refniemeiit of 
exactitude of which the theory of errors hatl 
hitherto se«‘nie(l iiicapahle. 'Phe ct)nce|>t «>f 
staiidard error is in fact insuthcieril ly exact for 
application without reserve to the small samples of 
observations which the experimenter can command. 
Nevertheless, it was shown possible in an im- 
portant raime of cases to develop rigorously exact 
tests of sijiiiifieance from which the concept of 
standard error may be entirely eliminated. That, 
the importance of Student’s sni^Kcstion was not at 
once reeojjnized illustrates all too clearly how 
ignorant academic statisticians were of the im- 
portant decisions which experimental scientists, 
like statesmen, must take, always on the basis of 
a limited knowledge (d* fact. Uiolo^ical research, 
liowever, throuf*hont the world bristled with pro 
blems which only exact tests adapted to a very 
wide variety of logical situations had come into 
existeiice. Jii a few years more they were in 
jneiieral use amonji* experimentalists. The period 
which followed has shown the somewhat ludicrous 
.spectacle of entonioIoj?ists. foresters, plant physio- 
logists, and others with no trace of mathematical 
pretensions, applyinj»* freely ami with understafid 
in" in their daily work mathematical refinements, 
W'hich most othhnal statisticians conhl not under- 
stand, and which too ma?jy teachers in mathejuati- 
cal deparlments were unable to expound. 

The development of exact test of sij?nificance 
had been based on the mathematical solutions of 
.1 number of wdiat are known as problems of distribu- 
tion. The solutions found w'cre not very ditlficuit 
niatheniatically. Certainly they were not beyond 
the power of the jii’cat series of mathematicians 
who, fnuu the time of Ijaplace, have i^iven their 
minds to the theory of pi’obability. Had these 
minds been put into direct contaet with the pro 
hlems which beset the laboratory worker we ean- 
not doubt that they would have been solved by 
them some sixty years earlier. I \vant to irisist on 
the important moral that responsibility for the 
teachinj? of statistical methods in our universities 
must be entrusted, certainly to hij?hly trained 
mathematicians, but only to such mathematicians 
as have had sufficiently proloiijyed experience 


of practical research, and of responsibility 
for draw’inf? conclusions fnmi actual data, upon 
Avhich practical action is to be taken. .Mathemati- 
eal acuteness alone is not e!K)U"h. My revered 
teacher, Prof. Whitehead of (’amlnmljie, used to 
say in one of his courses: “ The essence ol‘ ai)pru‘d 
mathematics is to know what to ii»norc.” Ami 
wlicn I read current ])nhiications in mathematical 
stn1isli(^s 1 am continually and forcibly i‘(‘mindcd 
of the wisdom of this remai'k. 

The .solution of problems of distribution, 
althou"h stimulated by the praetieal needs 
of ehemists and biologists, had at nriec 
im]M>rtant mathematical conscipicnccs. Pnr. 
if the statistician asks himself, as he 

c)!!"!!!, “ What is my ])est mctluHl of avera" 
in^^ or combining' the data before me,” so as 
to elieit information on some delinitt* issue, it is evi 
• lent that he must he »nided by the maj'iiitiide, and 
the nature of the sampliu^i; ernu’s to which 
different estimates arc liable. Tliis, in a few 
words, is the j;'euesis of the theory of estimation. 
In this theory we diseiiss what advanta#»(*s each 
of innumerable i)ossible estimates possesses, and 
what procedure will enable us to combine thcs<‘ 
advantages in our esiimates. I shall hope to 
develop tlic tlu‘ory more fully in a series (d! 
lectures at the L'niversity of (’alcutta next week. 
For the moimmt, I want to not(‘ only the conse- 
c|uences of the progress so far made in this field 
as they affect the future of statistical n'search, and 
the position and responsibilities of the statistician. 

A few years aj»’o no statistician who had com- 
pleted his work on an extensive mass of data could 
feel any rational assiiraneo that some other statis- 
tician, usiii" the same data, eould not by some 
new method calculate estimates much mori‘ precise 
than his own. In these (‘ircumstaiiees it was 
natural that if his results were aelually rather 
precise he slmiild display them with some satis- 
faction; if not, lie mi‘dd in his eha}»rin even 
sup|)ress them. Hif»h eorrclations aTid strongly 
sigiiifieant comparisons were displayed with con- 
siderable pri<lo, for they seenuMi to indicate not 
merely that the data were good, but that they 
had been brilliantly handled. But now, observe 
the change, so soon as any young graduate who 
has mastered the theory can lay down the equa- 
tions for the most efficient estimates possible, the 
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whole tone of the subjeei hias been altered. The 
statistician is no lonji:er an alchemist expected to 
produce {jold from any worthless material offered 
him. He is more like a chemist capable of assay- 
inj? exactly how much of vahu? it contains, and 
(capable also of extractin$^ this amount, and no 
more. In these* circumstances, it would be foolish 
to commend a statistician because his results arc 
])recise, or to reprove lu'causc they are not. If 
he is competent in his craft, the value of the result 
follows solely from the value of the material j^dven 
him. It eontains so mueh information and no 
more. His job ms only to produce what it eontains. 

The mathematical measurements of quantity of 
information has another and more fruitful conse- 
<1 lienee. If we want more than has been found 
to be present we are no lon^rer tempted to harass 
the statistician to work miracles. On the con- 
trary, since he can evaluate the material, we may 
reipiirc him to explain what was wronj[( with the 
data that more did not come of it. What supple- 
mentary information which could also have been 
collected would have been worth collecting? 
At what points could the material be 
most profitably ainplifieilf In what resjieets 
also lias the labour of eollectioii been un- 
profitable, so that our resources may be employed 
in future where the yield is highest? Oct the 
statistician to redesign the enquiry, and to justify 
his new plan by the methods of costings accoiint- 


aney. Here the door is opened on work very well 
worth doing indeed. Immensely laborious calcula- 
tions on inferior data may increase the yield from 
95 to JOO per cent. A gain of 5 per cent of a 
perhaps small total. A competent overhauling of 
the process of collection, or of the experimental 
design, may often iiierease the yield ten or twelve 
fold, for the same cost in time and labour. To 
consult the statistician after an experiment is 
finished is often merely to ask him to conduct a 
post mortem examination. He can perhaps say what 
the experiment died of. To utilize this kind of 
experience he must ‘he induced to use his irnagina- 
lion, and to foresee in advance the difficulties and 
uncertainties with which, if they are not foreseen, 
his investigations will be beset. 

1 have tried to show that India, in the construc- 
tion of her national organization, has a great 
opportunity to utilize the newly discovered possi- 
bilities of Statistical Science. This (^)iiference is 
itself the strongest evidence that the will to seize 
this opportunity is not lacking. When I set* too 
the widespread interest developing in this country 
in all branches of statistical work, and above all 
the brilliant school of workers that Prof. Mahala- 
nobis has gathered round him in this University 
I suggest that we can put every confidence that 
the work will be carried forward with the intellec- 
tual integrity that such a task requires. 

* Presidential Addre.ss of the First Indian Statistical 
Conference held at Calcutta on January, 7, 8, and 9. 1938. 


Synthetic Perfumes Excel 


The synthetic perfumes of modern tencent 
stores excel those for which perilous sea voyages 
and hazardous caravans probed the Orient in the 
Middle Ages, Dr Charles F. IT. Allen, of the 
Kastman Kodak (^)mpany, declared at a recent 
meeting of the American Chemical Society, 

America's beauty bill, he added, annually runs 
to over 200,000,000 dollars, even when a most con- 
servative estimate is taken. Much of this is profit ; 


for, said the scientist, the jar containing the 
cosmetic may well be the most expensive part. 
For example : jar, six cents ; contents, two cents. 

Synthetic perfumes duplicate natural perfumes 
in everything but cost. Natural oil of rose costs 
175 dollars a pound, while the same product, 
made in the laboratory, costs only $22.50 a pound. 

— Science Service 
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till* rojiularily oT thi* climalf a coiisidcrahU* liolp. 


H. J, Fleure 

Professor of (icosraphy, ITnivorsity of Manchester. 

Formerly it was Hit* (‘usioin ti) make history brjrin 
with a loni? Neolithic* ])t*rio(l durini*: whieh, it 
was supposed, men were Ieartiiii“’ the arts of 
eullivation and the s(‘ttled life, and various 
attempts were made to loeale a Kuroj)eau eentre 
where these arts d(*ve]o]>ed. The most foolish 
of these attem])ts su^Rested the Italtie as the 
primary home of eivilization. AVerc* it not for its 
disastrous political eoiist'ctuenec's this perversion 
of seienee mijihl ])ass unnotieed. its value seienti- 
fi rally is nil. 

We now realize that the Neolithic* ])eriod was 
really a short one heraldinj^ the advance of metal, 
ami, indeed, we are c*ontinuall,y «ettinL^ hints that 
finds we call Neolithic are finds of the remains 
of people who were in clirc*ct or indirec't contact 
with metal users Imt lacked much metal them- 
selves. They were i^eople spreading- from hand 
to hand as much as t)c)ssil)le cd* the arts of culti- 
vation and its ac*companimc‘nts of polishc‘d stone 
tools, element ry metallurj»y, j)c)ttery, huildiiiL^ in 
wood, in stone, ohservation of the* hc*avenly 
bodies, riles of fertility, ])lon<»hinj»-, eare of domes 
tic animals, for milk and work and in some 
areas flesh, and so on. Metallm’j»y ?ieecled more 
orjianizinj*- Hum the other arts and so did not 
spread as fast. That is why we have a Neolithic 
period and in many pa?*ts of Knrope it dicl not 
really last oOO years. 

When these arts j»ot to the Mediterranean Sea, 
they found many thinjrs to help them. The olive, 
vine, and fiR- tree, either native there or brought 
from some place not very far off. Rave 
a Rood source of fats and suRars. The 
myriad bees made honey on the heaths. 
The island with embayed coasts Rave opi)or- 
1 unities for fishiriR and the chains of i.slands 
in siRht of one another Rave oj)portunities for sea- 
trade in the small boats of those clays which had 
no compass to Ruidc them, but no doubt foiiml 


These all eneouraRed .settlemc'iit in towns on a 
liarboiir, especially as .so much of the rock is 
lime-slone, and sprinRs are to be Inund only at 
special points near which, naturally, ])c*ople c*on- 
eeiitrate. Trees beariiiR olive's ami Ars Rrew in 
the laml.s anumd and Rave welcome shade in the 
dry summar heat, and when trade clevc'loped 
supplements of Rrain c*oiilcl be brouRht in from 
roRions better sniliMl to its Rrowlh. So we have the 
City as 111.' basic idea in .social ordc*r in the Medi- 
terranean and yet wc* notice with interest liow 
bniR it look to transplant this complicated orRa- 
nism from easi to wesi in that sea. The* cities 
at. the east-end are almost two thousand 
years older than those of the* weslc*i*ii basin. Some 
of us snspecd tliat tradiiiR monopolists tricsl to 
kee]) the vv4‘st for themsc*Ivc*s ami so hindered the 
spre-ad of the cily for a Iour lime: but Unit is 
speenlatioii. 

AVhat is important is to notice that the Mediter- 
ranean lancls of Fnrope, which had devc*lc)])ccl 
liic idea of the* city csirly, evolved the* idea of 
the nation very laic*, in fac*l, imporlc‘cl it from 
the northwest in the Ulth century. Their ideas 
and idt'nis, as one c*an Rather from, literature, as 
well as from life, Raihcred aronnd the city and 
in man.v ])Iaces, evc*n vc‘ry small ones, tlie popula- 
tion of perhaps a few humlrecl cultivators lives in 
what one c'annot but call a miniature c*ily. The 
real vilhiRe, as India c»r Knropc*, north of the 
Medi1c*rranean, woiibl nmlc*rstancl it, is rare. The 
rivalry between the cili(*s was the c*nrse of anc*ient 
Creeee, and Home sli'ove for a nnilied c'oiitrol of 
all the eitic's aronnd the Mc'diterraneaii, not for 
the creation of a Homan nation as we should 
understand that word. 

When we turn to non-Mediterranean Kurope 
the eontrnsl is a dramatic one*. Arcdiac'oloRy tells 
a story of the Rradiial advaiiee of villaRCs from 
east to west throuRh central Kurope, choosiuR 


453 


Vol. III. No. 9 
MARCH 1938 



THE IDEA OF THE NATION IN EUROPE 

iiatiinilly the lands less thickly covered with forest. 
The villajz’es wore at, first a])parently rather 
temporary affairs, lasting’ lor a few years till the 
people left exhausted patches of soil \o clear new 
ones. Kar away from the sea the communications 
were not j»()od enouj^h to liive ris(‘ to larjio » roups 
of trailers, such early tra<le as there was seems to 
hav(‘ ilepemled on little stations for travellinir 
jj^roups. In (‘ast central Kurope there were 
practically no cities until I, ()()() years after cities 
had y:rown near the Ae.uean Sea, and in western 
Europe the city heyaii to appear only very shortly 
before the In*” inning’ of our era, /.c., some seven 
centuries after the foumiation of Rome. In the 
lon«»: period of villajie civilization tine can of course 
trace a <*onsideral)le development, h'rom beiiifj 
temporary the villaji’es became more i)armanent 
and Jar»(T, and it is obvious that the pt‘ople came 
to have more doim?slic animals, that they learnt to 
smelt copper pyrites with tin sand ami so to make 
bronze ami that when Hohemia, Iberian Peninsula, 
Brittany, (Virnwall and lr(‘land were all pro<luc- 
inj? one or other of these important conimo<lities 
lironze became much commoner and e(|uipment 
improved. But aft<‘r an advance there came a 
setback, the forest trees of Denmark changed, the 
oak which thrives in rather drier warmer con- 
dition «:avc place to the beech which has (Idicatc 
leaves suit(‘d to wetter cooler summers, peat bogs 
spread in many places that had previously had 
forest covering in Prance, Jtritain, and Scandi- 
navia, the lake-shore villages of Switzerland were 
swamped by the increase of the lakes, passes 
through the mountains that ha<l been used for 
trade became blocki'd all the year round by snow’. 
The old civilization that w’as growing up near the 
w’est Baltic declined; the legends tell ns of cold, 
dark wdiitcr following one another wdlh no 
summer in betw^een. It is interesting that this 
phase of cool damp climate is indicated for most 
l)arts of Europe, that it apparently brought a 
valued increase of rain to the Mediterranean, and 
to some parts of Araliia, and that even some of 
the Egyptian bases, sueh as Kharga, had a fresh 
start after many centuries of utter barrenness It 
\vouI(l be a most valuable line of research to find 
out. whether India also had any change of climate 
in the remarkable period of her sages. 


The setbac^k made the peoples of Europe north 
of the Alps Tuueh more dependent on eattle and 
much more mobile, so they moved southward, and 
history tells us of Rome's campaigns to keep them 
from ravaging the borders of her urban civiliz- 
ation. M’ith all licr ecpiipment in thought, in 
means of communieation, in discipline and in iron 
work Rome did .so siieeeed for a time with the 
result that the idt*a of the city was added to that 
of the village in the wtsI. 

In the .south of Prance the vine, fig and olive 
would all grow’, Medilerrunean life was possible, 
cattle and sheep could also be kept in numbers, 
esi)ecially if they were led up to tlie hills for 
summer pasture. There was an opportunity to 
fuse together the urban and the village civiliz- 
ations w'ith the urban predominant, especially as 
communications were easy in a low-land without 
much dense forest and with gravelled river 
terraces to ad as pathways. We thus find southern 
Prance deeply Romanized with Roman cities like 
Nemis, Arles, Toulouse still important to-day, 
and cherishing the great buib lings that they put 
up ill the time of the Roman Empire and still use 
to-day. Tlie Roman tradition has left a deep mark 
in their s])eech which is not (piite standard Prciich; 
it is known as the Langiie d’ Dc. After the set- 
back that followed the break of Roman oi'ganiz 
atioii and the advancM* of Islam cutting Mediterra- 
nean trade routes they show’ed the power of the 
Roman tradition by adopting Roman Law as their 
guide ill settlement of disputes, and by other 
features it would take too long to discuss. With 
that revival of law in the 12th century of our era 
they became energetic in building and built as the 
Roman had done with the round arch and the 
dome. This is Roman France but both within and 
on its borders it makes a transition to the oilier 
Prance which must next claim our attention. 
France, north of its eoiitral highlands, could not 
grow the olive, but it would keep cattle more than 
the south; so it got its supply of fats mainly in 
another way. It could grow the vine well only 
in w’arm spots on the sunward hill slopes, it was 
a good wheat land wherever the soil lay over 
limestone or sandstone, and there was a lot of lime- 
stone. So it had become a land of eattle and crops 
with villages to which the Romans added cities that 
in many cases began as camps for soldiers. One 
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can still find main features uf a Homan camp in 
(juite a number of French towns, but almost no- 
where do we get the great buildings of the Roman 
times preserved. The Franks who knew little 
about a city conquered the land, and soon Tslam 
liad cut Mediterranean traile. So the Roman 
cities declined to grow again some centuries later 
in what we in Europe call the Midcllc Ages under 
the leadership of the Homan Church. To these 
towns came the villagers to markets ai\d fairs; so 
rural and urban lives were linked together here in 
the early Middle Ages more than anywhere else 
in Europe, and this was a linkifjg of the l(‘ss 
Roman with the more Romaic. 

Hut here, in contrast to what we find in the 
south, the courts decided by local custohis not 
according to Roman laiw, and the people rebuild- 
ing churches and cities so(m gave up the round 
arch and invemted a s])ccial style with pointed 
arches and other features that we call (bdliic. 

In spite (d’ tlicsc and many idlno* di(Vcrcnccs 
there was howcvci* <*miugh in common 1)etw(*cn 
north and south for them to grow to imderstajul 
one another ami in the emi to work togetiun*. For 
more than one Umusaml years th<‘y have had a 
(‘oniimni measure of thought and feeling in sj)ite 
of many wars, and that (‘onimoii measure lias given 
a eommon motive ])ow(‘r that has built up the 
French nation. Yet there is enough <livcrsity 
hetweeii north and south; one mighl also speak 
of east and west to give variety within the unity 
of the French' people. They are a eas<‘ of unity 
in moderate diversity, everywhere the Romaii 
trailition, still expressing itself in religious forms, 
every wh(‘re the balance of url)an and rural, of 
Homan ami non-Roman, the two together enrieh 
ing the eommon life by much more tluni the sum- 
total of their respective eontrihulioiis for their 
conjuncture has led to the mountain of new things 
that, as it v/ere, surmount the differenees between 
the two. That is the great advantage (»f co- 
operation between diverse ju'oples, well eondnete<l 
it leads to freedom of thought and all sorts of 
initiative. France is an old nation now, well 
matured, free from the fear that some part of her 
may want to separate itself, unfortunately full of 
the fear that a neighbour may attack her; but 


even that fear is made to promid unity in action. 
As an old nation that can allow her people to think 
for themselves she has a government that can he 
criticized by the (*itizens who elect it. France is 
what we call a Democracy. 

Let us try to get a sketch of (Jermany in the 
same way. tlere, the lie of the land is a very vital 
fact. In the first place tlie Rhine, of old, made a 
considerable harrier hefeuv rocks were blasted and 
navigation developed, it was once a national 
fi*o!iti<T, and was used as such by the Homan 
Empire with resulls that an? still clearly apparent 
in modern life. It has thence been thought by 
some superficial observers that it might he a 
frontier again, hut tliis is impossible so long as 
fnmtiers mean what they do to-<lay, and if a reign 
of good-will re])laeed the i)n*seut om* of lust of 
power, there woiibl he no reason for a frontier 
there. We Jiiay therefore briefly (*onsider tlu* 
Hhine in its relation to (i(*riiian life wilhout bring- 
ing in any implieation about frontiers at all. 

The Homans had fi*ontier eam])s that grew into 
a long line of eities from Koln to Easel and, wlien 
the Roman Kmpire b‘ll, these eities had (’hi’istian 
bishops, who k(‘pt up the tradition of law and 
onler to some extent so that the bishops^ eities 
mostly siirviv(‘d the disorderly centuries that 
followed, tliough they were reduetui in ])opulation 
as people harl to move out into llie country to 
grow footl for themselves. When the revival of 
tratle came after about otK) years, the idea of the 
city began to spi'(‘ad into the country east of the 
Hhine wber(‘ many clearings ha«l lieen made in the 
forest by cultivators. 

Fast of Ihe Hhine (leriuany divi«lcs ils(‘lf broad- 
ly into three regitins. In the south there are the 
great basins of Danube, Main and Neekar outlined 
by the ridges of the .\lpine Foreland and some 
older hloeks like the IJlaek h\u‘est. In the eentre 
is what the (Jerman scholars call the Mittelsch- 
welle, an old highland block broken by faults and 
variegated by voleanie lumi)s making a tangle of 
dee]) valleys among tin* bills. In the north was 
the (lerman part of the norlliern European plain 
marked into longitudinal zones by morainic hills, 
seamed often crosswise by great rivers the Elbe, 
the Oder, with the Vistula beyond the truly 
(Jerman area. 
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The o(*oiu)mi(* <iovcl()i)iiicnt oF the northern 
phi in as such was lonj» delayed. Its soils were 
poor, its eliniate severe. The Klho was accepted 
as a Frontier for a while. The southern basins 
were easier to develop, and we j^et Swabia, 
KraiUHUiia, Ihivaria. and so on, standinj* out as 
rival units at various limes. 

The middle rej^iou with its de(‘ply divided 
valleys became a multitude of small states. There 
was here no one centre that could jfather the 
country around it as did Paris in France. In fact, 
the physical fji^oyraphy of this rej'ion is one of the 
main reasons why a (lerman nation did not arise 
alonj^side of the French one in the early Mid<ile 
Ajics. 

Instead, we find a desire to redevelop a Komaii 
Kmpire with the Rhine and Danube as its basis: 
the idea of a unity of derma n-speakin}» people had 
hardly dawned. AVe also find that the ideal of the 
city spread from Rhine and Danube (‘astward and 
north-eastwanl into regions where no towns of any 
eonseqiu'uce existe<l. Some towns j»rew around a 
site occupied by a bishop, some around the castle 
of a lord, some at fords and other modes of com- 
munication where j^roups of ti*aders gathered 
under tin* rather distant ])rotc(‘tion of the Fmperor 
or a lesser but sometimes more effective lord. A 
f^reat deal of effort and no little pride and ideal- 
ism that in Knj?land and Franco expressed itself 
as patriot i.sm went in flermany into the city, and 
the ticrman Fity with its Founcil House 
(Rat-haus) has Ion*'- be<'n one of the yreat features 
of Kuropean civilization. Its bur{;her families, an 
aristrocacy of tra<le ami commerce, usually con- 
trolled it even if a bishoj) or a lord were some- 
where near. The cities of the south centre and 
centre were the greater number but the famous 
Hanse commercial cities jirew on and near the 
north coast. 

These ^^rowths of cities beyond the old Roman 
frontier create<i centres which had but an imlirect 
and vajiue connection with the Roman tradition 
unless any city had been founded by a bishop. At 
the emi of the Middle Ajres therefore, when the Did 
(Miurch bi'oke down, it thence came about that a 
deep relijrious rift developed from the south and 
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west of Germany and the northern plain while 
the hilly centre became patched with both alle- 
giances. This delayed the pi’oeess of national 
unification for eenturies while that development 
was going on strongly in Franee and England. 
It also led to some gains for German culture. 
Many minor courts, put out of deiilomatic import- 
ance hy the growth of eommunieations became 
patrons of musie and learning, while philosophers 
made efforts none too successfully to transeeml the 
leligious division. 

Meanwhile, however, a new faetor appeared. 
Through weleoming refugees tJerlin had become a 
centre of thought. Canals were built from Oder 
to Spree and so to the Kilhe giving the plain real 
access to the open sea. Also new crops, such as 
potatoes and turnii>s, spread and revolutionized 
agriculture and population on the northern low- 
land; so H(‘rlin, a (piite small place in UibO, began 
its immense growth that ultimately, with tin* 
advent of railway in the nineteenth century, wjis 
to furnish the nucleus amund which the milional 
idea could grow. 

It grew, with dilVerenees that make the (lermnii 
nation contrast very markedly with the I'h'cnrli 
and the English. In the latter two the growth was 
already well mlvanc(‘d ’n tin* days of Joan of An* 
and of Elizabeth. The nation was a concept deep 
in the minds of the rural aristocracy ami had 
spread, from them to the people in England: in 
France it began in much llie same way but gaine«l 
a new passionate intensity in the revolution of 
1789. rommercial and industrial development in 
the 1 9th century was therefore a concept very 
separate from the idea of the nation in France 
and England; on the other hand, the two ideas, 
unfol'bng themselves together among a people 
with very strong burgher traditions, have l>e(*n iii- 
cxtrieahly interwoven in tlie picture of the nation 
that the Germans have formed. The burghers 
keen on their town affairs have often boon will 
ing to leave the highest control in the hands nf 
a leader, Kaiser or Fiihrer, who is, as it were, head 
of a firm, the departments of which must fit int«» 
one another to avoid waste. Polities are not the 
natural occupation of the aristrocacy as they were 
of old in Hritain. It is the husinessman’s code 
rather than that nf the rural .sportsman which 
sots the tone, and, in international affairs fhi>= 
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hieans a code practically unchecked by law 
— Per total Kricf;. 

Suminin<jf up, one may say 

(«) That a fund of experiences and ideas 
common to the j>reater j)art of the peo])le is a {‘real 
aid to national unity as it restricts rifts in opinion. 

(b) If there are deep rifts in opinion the 
common and cheap way of dealin)^ with them is 
by niethods (»f suppression, usually costly in the 
lonj> rini as the dissentients who jfet supimessed 
and persecuted include some of the ablest of the 
people as well, (d‘ course, as sinne wln» favour brute 
\iolence. To discriminate Indween these two ilis- 
sentin'»- types is yeiierally imj)ossible. Another 
dilTiculty of this policy is that it re])resses science 
and so makes a community fall back. 

Ic) Deep rifts in opinion may be loIerate<l in 
the hope that a eomnum measure may arise in ilue 


course, but this is a difficult policy for a nation, 
and it needs to be supplemenletl by efforts to 
transcend the rifts thnuu»h some new synthesis. 
AVhat iuif>hl not India have won ,had Akbar really 
been able to briiijr about a reliuious synthesis! 

((/) It is therefore better to have oruanizat ions 
of national character on not too lar<»e a scale, so 
that the common measure within the nation of this 
size and character is ext)osed to serious danj;er 
unless it can link itself ]iermanently with others 
like it — for example in a confederation, of which 
the Swiss may be taken as an almost ideal example. 
Kurope is in neetl j)f such a fe<lerati(m; its 
se])arate nationalisms are a sad hindrance. May 
India help us by showin»i us the way to a fctlera- 
tion with freedoiu both for the dissimilar units 
and for the minorities within (‘ach and all of those 
units.* 


I.oetnre at Cali'iitta dm Jami.'o\ >. U>.tS 


Injury by Drugs and Cosmetics 


After reviewin^^ the state of national health 
duriu" the past year, the annual report of the chief 
metlical otlficer of the Ministry of Health, Sir 
Arthur MacNalty, directs attention to some 
instances where injury has bt*en caused throuj^h 
misuse of chemicals. A warninjr is yiven that no 
slinniiiiif* drtif^’ or ])reparatioJi should ever be taken 
except on medical advice and one drim <lini1ro- 
phenol — should not be taken in any cireumstanees. 
While it is true that diiiitrophenol is now covered 
hy the new Poisons Rules and can only be ob- 
tained by medical proscrijition, untoward results 


jiavc been only loo frc(pient even wlieii every care 
has been taken. ( ’osmetic ]>reparations have some- 
times been found to be a source of »lan«*er. In the 
ease of lipstick, the <lye was mostly at fault, and 
et)sin was frcipiently fouml to be responsible. It 
is stated that hair dyes of vegetable origin woiibl 
seem to be innocin)Us, l;nt those which <lcpen<l 
U])i)n p-phcnylenediamine or its derivatives mij^ht 
j^ive ris(* to most severe dermatitis with other 
developments, and fatalities had ))een recorded. 

-The Chemical Age. 
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Mechanism of Cyclones in the 
Bay of Bengal 

S. N. Sen 

Indian Mateoroloflrical Sf>rvi(?«. Poona. 


The priiKMpjil jiir musses’ over the Indian 
refrion may he eoiivenieiitly elassified as follows: 

(a) Cold . — The eold mn'tliwesterlies from llie 
(’asi)ian Sea side (llie AVostern Hima- 
layan air) and the eold northeasterlies 
from Tibet and China (the Eastern 
ilimalayau air*). These* are eold eoii- 
lineiilal or*^ exlra-lropieal ’Nmrrents. 

ib) Moist. Thv “ <*<(uatorial ” eurrenl, or 
tile southeast trades and the south- 
west monsoon aeeordinjr 1o season. 

(c) Warm and only slij^htly moist 

westerly drift or “ tropical ’’ air pre- 
sumably eomin^ from tlie thermal 
eciuntor. This is to be dislinjjuislied 
from the hot eonlinental air generated 
over India, itself in the summer 
months. 

The proj;nosis of the formation arnl movement 
of eylones in the Indian seas is still a vexed pro- 
blem. The horizontal lempeT-aturc j^radients at 
the surface, assoeiate<l with the Indian eyel<in<*.s, 
are weak in eompari.son with similar jrradients 
in the ease of eyelones of hijiher latitudes. This 
difficulty in re{?ard to modern analysis may 
perhaps be overcome if it is assumed that an 
Indian cyclone is tlie outcome of two conver- 
Sfcnces between three air masses, viz., a coiiver- 
{^enee aloft between the extra-tropical which 
brings cold, and the. eipuitorial which brinf«:s 
moisture, and another below between the tropical 
briiififinf? warmth, and the equatorial. It should 
be mentioned that the (wo converffences may pass 

^ This has to he dtslinpiiished from the tnaritime polnr 
air from the Pac ific. 


throujth various adjustments before the final 
structure is established. 

The movement of discontinuities between any 
tw'o of the three air masses is generally small from 
day to day. Takiufr advantaj'e of this fact, the 
writer, since 1930, has ])een drawing; a progressive 
series of convergence p/itterns at the several levels 
aloft between the different air trajectories, paying 
particular attention to the dominant currents and 
the simulation ” of trajectories in different air 
masses in juxtaposition, together with the de- 
formation fields ” which ari.se out of a strong 
convergence. This method has been successfully 
applied in daily forecast ing and in the analysis 
of charts for the predictions of the birth of 
cyclones in the sea areas and also of more localized 
.storms .such as nor’westers in llengal. 

In order to avoid complications we shall, unb'ss 
otherwise stated, confine our attention maiidy io 
the trajectories fdoft between 2-3 km. above sea 
level as shewn in the diagram below. 

The two fields A and R, which arc the charac- 
teristic .seasonal fields of large dimensions, may 
be called the general deformation fields. AVhile 
drawing the convergence patterns it is helpful tn 
remember the following seasonal peculiarities: 

(a) During the winter and summer the 

dominance of the deformation field 
A arising out of a strong convergence 
between the western Himalayan 
current and the southeast trades; 

(b) the dominance of the field B during the 

monsoon resulting from a strong <*on- 
vergenee between the eastern Hima 
layan and the southwest monsoon 
currents ; 
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(c) the co-existence of the fields A and H 
or their intermittent activity parti- 
cularly dnrinj? the transition months; 

GENERAL 

DEFORMATION FIELDS 



{d) the more or less inert character of a de- 
formation field arising out of a strong 
convergence between the tropical and 
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extra-tropical cnrnnjts chiefly over the 
Arabian Sea in spile of threatening 
isobaric distribution at the siirface. 

It may be mentioned that, at^ least in the ease 
of the field A when well established, the pressure 
readings ft»r appropriate levels which are daily 
available from a number of hill stations, fully 
bring out the characteristic isobaric distribution 
of an uleal lljerknes’ deformation fichl. There 
call be no doubt regarding the seasonal ])ersistency 
of the axis of extension in varying ilegrees. As 
a matter of fact, a consideration of these points 
and of the urge and reactions, produced by a de- 
formation field growing in height, often associated 
with characteristic pressure changes in tJie 
ditferent sectors or “ lobes ”, is of great help in 
daily forecasting in all seasons. In the ease of 
the northeastern half of the field A, the periodic 
appearan(‘e of roll clouds, extending from south- 
east to northwest and travelling from southwest 
to northeast, towards Assam, in the summer 
evenings and nights, is one of the markeil seasonal 
features of Bengal. When the fiehl is active 
typical afternoon thnndm'storms occur almost 
daily along the axis of extension and the summer 
regional maxima of rainfall appear in Assam ami 
the south of the I’tminsula, a])])roximalely the two 
eytreinities of the axis. As regards the motion 
of translation of this axis, it is found from charts 
of average winds aloft that, during the first transi- 
tion period, the western Himalayan air is pushed 
away to northwest Imlia and beyond, from over 
the Bay, and returns to this area during the 
second. In this connection the primary and 
secondary maxima of the frequency of cyclones in 
the Arabian Sea, as shewn in the following table, 
are interesting. In August the western Himalayan 
air is more or less outside the Indian ai*ea and 
cyclonic circulations originating on the Arabian 
Sea side in this month are rare and restricted to 
(lu.jerat and neighbourboo<l. Those monsoon 
de])rcssions however, which travel from the Bay 
of Bengal to Northwest India, often inten.sify while 
over Uajputana witli the temporary return of this 
air mass and travel north-eastwards. By the end 
of August the southeast trades apparently re-enter 
the Indian area and the tropical current licgins 
taking possession of the south Arabian Sea prepar- 
ing the southwest monsoon to retreat. 
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In the cMse (»f the liny of Henjrjil, on the other 
hand, there is onl^v one peak in the fretpieney of 
eyclones and this is reaehe<l at the height of the 
monsoon wlnni the field U is esiahlished. Tliis 
field, however, must remain more or less hypo- 
Ihetieal, fer tin* present, owiiij* to hiek of upj)er 
air ohsei'vations to the east of Longitude 1()()"K. 
It may he poinled out that a marked divorj^enee 
in the cliaraeteristieally thiek layer of monsoon 
winds aeross lUirma is often noticeable and, when 
monsoon depressions are forminj*, heavy rain- 
sfpuills j'-enerally set in over the Tenasserim, East 
Heimal and Assam O'.e., alon^' tlie axis of exten- 
sion). 


fall of temperature underneath the cold liinbs 
siip:y:ests essentially the same mechanistn. It is 
thus clear that fresh supplies of cold air aloft 
and a eonver«:en(*e between the moist and warm 
currents below may eventually furnish the defor- 
mation field with an axis of extension with a 
sharp thermal f»‘radient acro.ss it and also appro- 
priate humidity conditions. 

Another important source of instability con- 
tributing: towards the formation of cyclones may 
now be mentioned. A strengthening’ or partial 
dissipation of one of the four limbs of the deforma- 
tion field, when more or less over the sea, usually 
leads to a loss of ecpiilibrium along the axis of 
extensit)!! originating either to the left or to the 
right of the neutral point. The loss of swaying 


TABLE k 


Percentage Frequency of Cyclones and Western Disturbances. 
Annual Variation. ( 1891-1935 ) 


(\vcloncs originat- 
ing ill 

. .Inn. 

hVb. 

M»f. 

.Vpr. 

M«y 

June 

July 

Aiitf. 

Sept. 

Oct. 

Nov. 

Dec. 

Bay of Eengal 

. 1.9 

0.0 

0.6 

2.5 

6.1 

t).S 

14.4 

15.7 

16.6 

14.8 

12.5 

6.2 

.Arabian Sea 

, 0.0 

0.0 

1.6 

47 

14.1 

31.3 

7.8 

0.0 

6.2 

18.7 

10.9 

4.7 

Western Distin- 
bancp. 

. 15.0 

14.1 

16.0 

13.8 

8.3 

3.2 

1.3 

1.0 

2.6 

6.9 

7.0 

11.8 


When a cyclone is brewing, the seasonal defor- 
mation field is found to grow and extend up- 
wanls to large heights and ac<|iiire increasing 
persistency. There is evidence to show that these 
growing deformation fields aloft also characteris- 
tically influence the surface circulations, thus 
directing convergence between tropical and 
ecpiatorial currenls in layers below 2 km. The 
available records of upper air temperature point 
to the fact that, on the eve of the formation of a 
cyclone, the deformation field obtains fresh 
supplies of extra-tropical air. In the case of the 
field A these cold waves aloft are often associated 
willi the northeastward passage of western depres- 
sions or of disturbances in the Arabian Sea. In 
the ease of the field B the characteristic trend of 


balance may be In'ought about by many factors, 
such as interaction of two deformation fields, local 
heating, snhsidenee of cold air along slopes (in 
eluding katabatic How-), orography and the 
accentuation of seasonal low pres.sure areas etc. 
Eor example, in the case of April cyclones the 
limb K,N(\ of the field A is often dissipated when 
a western dislurbanee is affeeting northwest India 
and cyclones usually generate in EoNCo. This 
diagonal relationship between the di.ssipation of a 
cohl air limb and the formation cyclone in the 
moist air lobe opposite holds in all months. 
From this fact, it is reasonable to conclude that 

t The ha.si« of this is the .same as that of Table 1 in 
Science and Cui.ruRR, June 1937, p.598. 
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duriiii? the monsoon, the liinh is 

jifcnerally dissipated j'ivjjij^ rise to a eyelone in 
E,N'C '2 throiij'h ttie loss of swayin» balanee 
iiloiij? E'lN' and that no marked thermal j^radient 
is, as a rule, to be expected over the Andaman 
8ea in this season. 

A eyelone does not necessarily form near the 
axis of extension’^ of the main deforiiiation field. 
As a matter of fact, the thermal {gradient arisin*^ 
out of the eonverjience of the moist and warm air 
may be some distance away from the axis of ex- 
tension. Jn these cases what pri'sumably happens 
is that, once the swaying- ])alance ot‘ the general 
delormation field is lost in the manner alrea<ly 
explained, the peiietralionl of cold air proceeds 
until a sulisidiary deformation field arises in the 
appropriate moist wind Jobe. This in its turn 
gives rise to a core which eventually grows into 
a cyclone. 

As regards the direction of movement of a 
cyclone it is to bo observed that the motion is along 
the moist air trajectories. As a matter of fact, 
once the centre of a depression can be located, the 
moist air trajectory on top of the cyclone passing 
over the point, gives the future track when due 
allowance is made for extraneous causes such as 
outbursts of the tropical current, etc. These con- 
siderations may eventually furnish a basis for the 
determination of the speed of travel of a eyelone 
at the various stages. 

It may so happen that the field may produee 
a depression and hand it over to the field A for 
future movement ami intensification. Even two 
depressions may simultaneously exist in the Eay 
of Bengal at the extremities of a. trough and even- 
tually coalesce. These phenomena are often 
Jissociatcd with a dou])le system of su])sidenee of 
cold air over the Bay of Jk'iigal and Ihe sniijeel 
•‘•ay be reserved for a future discussion. 

The following points should be rememliored in 
connection with the premonitary signs of the 
bn’i|;iatioii of a cyclone: — 


t If instead the moist air penetrates the cold air lobe 
‘hiring the life history of a depression an occlusion occurs. 


(i) One of the two thnndorstorm areas at the 
ends of the axis of extension, away from tin* neu- 
tral point definitely peiietrates into the moist air 
.'‘Cctor in which the cyclone is to form. This fact 
along with the characteristic regional c'hangcs of 
temperature and absolute humidity is often useful 
in overcoming the handicap of large interpolations 
involved in the ilrawing of the <i(‘formati(>n field 
over tlu* Ikiy of Jk'iigal. 

(ii) In the Indian region localized lieavy rain 
is often regarded as one of the iiremonitary signs 
of the formation of cyclones. This criterion, how- 
(ver, should he used with caution in view of the 
fact that heavy rain may even occur 

(fl) along the axis of extension during the 
seasonal growth of the deformation 
fiebl as the plane passing tlirongli the 
axes at the various levels temls to be- 
come vertical, 

(b) along the track of small whirls, 

(c) when soim* passing external disturbance 

induces a temporary penetration of 
one of tlie cold air Jimlis into tin* ad- 
joining moist wind sector, 

{d) wlien external reaidions (*ause merely 
oc(*liisions or convergences, 

(c) due to an accentuation of seasonal low 

pressure areas. 

The following factors contribute to the inten- 
sification of cyclones: - 

(a) the augmentation of the cold air supply 
in the deformation field from external 
sources, 

(h) the descent and availability of cold air 
lielow the 2 km. level, 

(f) a decrease in the dislain'e of the eentn* 
of a cyclone finim the neutral point, 

(d) an accentuation of the tliernial gradient 

across the axis of extension, 

(e) the coalescence of two whii’Is originating 

at the extremities of a trough. 
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The Catalogue of the Coins of Ancient 
India by Mr John Allan 9 1936 — a Review 

Durga Prasad 

Benares. 


Undoubtedly Mr Allan lias a<l<l(‘(i anolhor valu- 
able ooiitrihulion to Indian Numismatics liy 
publishini^ a prol'usoly illustrated Catalogue of the 
coins of Ancient India in the Jtritish Museum. 
The book is divided into o parts with Indexes, and 
mainly deals with the three different indiju'enous 
systems of ancient Imlian eoinaj>e, namely, the 
copper and silver punch-marked coins; the iinins- 
eribed cast and die-struck coppers; and the chro- 
nologically later inscribed cnjiper and silver coins, 
which are still available fi*om the known ancient 
sites like Taxila, Ahichliatra, Kosambi, Madhuri, 
and Uajj^ir. Mr Allan has rij^litly state<l the lack 
of the recorded historical ami exact chroiiolojfieal 
data with which one is faced when studyinj*: the 
innumerable varieties of coins of the ancient 
Hindu India, up to the bej^innin^' of the (..‘hristian 
era. Jhit tfiis should not be counted as an ab- 
solut<‘ly hojiele.ss task. A careful search amon<i:st 
the ancient Imlian archaeoloj^ical inoimments and 
remains for the symbols engraved upon them, and 
rcsifilng of the ancient Sanskrit Hrahmanieal and 
Huddhistic literature, {^ivinjy allowance for the 
peculiar ancient custom of describin'^ facts mingl- 
ed with the s(Ncalled myths and exaggerations 
prevalent amongst almost all the aiieient civilized 
nations millenniums before the Christian era, pro- 
vide us with clues in which wo find a sort of terra 
firma to stand upon, and obtain clear glimpses 
in the hazy period of ancient Indian history, which 
enables us to assign, with .some amount of certain- 
ty, definite places to the ancient Indian coins 
ehronologiccally. 

It is easy to measure the length of a room or ji 
rod accurately with the help of an instrument of 
precision correct to a small fraction of an inch, 
but when it is required to measure the inaccessible 
distance of the Moon wc adopt a different method, 
and feel satisfied if after careful mathematical 


calculations and measurements we arrive at a 
result which is correct within a few humlred miles. 
The same is the case with ancient coins. Dcfinilc 
periods of many punch-marked and uniiiscribed 
<lie struck, and cast copper coins have been deter- 
mined and, of many more, could be a.ssigned if 
carefully studied. 

The silver puucli-markcd coins bearing the 

symbol of three arched hills ^ with a crescent, 

the Tripnri, are definitely Mauryan. Dr 

K. P. JayaswaTs Mauryan Symbols in JRAS, »Iuly 
UKU), Numismatic Supplement \h)l. XLV^ May 193.); 
and the Jubilee number of Ibe same). 

In tbc illustrations in the Catalogue the silver 
punch-marked coins are jund)led together on 
Pis. \LI and XLII, without any arrange- 
ment of the wellknowii systematic grouping 
of symbols found on the coins, which go 
to indicate cleai'ly a conneeling series of coins of 
different known periods, and are helpful in deter 
mining their chronological order and age to a con 
siderable extent. The illustrated plates of tli(‘ 
inineh-marked coins are not at all he! pi ill tor 
studies and comparison; they arc quite unlike the 
plates of the catalogue of the Ciipta coins o1 tlic 
British Maseum or the Tribal coins illustrated in 
this very Catalogue. 

The description of some of the coins as well 
as of their symbols is not correct, and some of tin* 
latter are inaccurately drawn, and some new 
figures which do not exist on the coins arc illustrat- 
ed in the list of symbols in the in1roductit)n nn 
pages xxii to Ixrx. 

It would suffice to quote a few such mistakes 
in the catalogue. 

Coin Fig. 4, on PI. VIII — has a clear bull staml- 
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ing on 1*1 ri-arched hill, 32e PI. XXXV 

Numismatic Supplement No. XTjV). Tho tops of the 
upper two arches arc scon on the coin, an<l there is 
no rhinoceros as illnstrate<l and described on page 
(>.‘1 under the variety “ f ” (d* the coins. 

Coin Fig. 24, on PI. VIII — is wrongly cla.ssified 
under variety ‘‘ t! on page 71, the symbols on 
the coins are clear, there is the sun symlxd with 
sl.ant rays, the six-pointed “ Sadarachakra of the 
type 10 illustrated on page xxiii of the catalogue; 
a rhinoceros is also to lie seen with its horn on 
the snout bent backwards and one ear near the 
neck correctly depicted (piite unlike the figure on 
coin 12 on the same plate; the 4th is a eomplete 
figure like No. 10 illustrated on page xxx, and a 
tree not very clear on the coin. T have a similar 
well-preserved coin in my cabinet, weighing only 

44 grains. As the C(»iu is not much worn out, it 
seems to be a coin of 2o ratli standard weight of 
the ty])e of the sun-symbol coin. It may be a 
coin of the 5th century lk(\ of iMagadha: (*oins 
of different types of 25 ralti standard weight or 

45 grains, of the kingdoms of Parieala, Kosala, and 
Suraseiias are known, the first two are in the 
Lucknow Museum and the drd is in my cabinet 
which I obtained from Mathura fresh from a hoard 
of 25 coins. 

The sun symbol is shown with 14 rays in every 
symbol-group illuslratinu in tin* (Catalogue, which 
is inaccurate, for it shoiibl lie of Ifi rays, 

I had the occasion of particularly counting the 
number of rays of this syml)ol on over SOOO silver 
punch-marked coins from a. dozen hoards now in 
the Patna, Lucknow, Lahore, Taxi la, Peshawar, 
ik)mbay, Madras, and (Calcutta Museums, and 
other private collections including mine (»wii. 1 
could notice Ifi rays on ninety nine i)er cent of 
the coins, and very rarely 14 or 20 rays all drawn 
radially with a few exceptions of slant rays on the 
coins of earlier type. 

The sun symbol is not always seen completely 
on the coins, but the number of rays can be easily 
calculated from the arc of the figure punched on 
the coins, which is generally found to be Ifi. 

Some of the 6 armed symbols the sadar-chakra, 
as illustrated in the Catalogue on page xxiii, Figs. 


3 and 4 arc incomplete, the eomplete figures arc 
illustrated in the Numismatic Supplement Vol. XLV, 
PI. XVr, Figs 22 and 23. 

Figs 1 and 4 on page xxvi, arc not correctly 
drawn, no elephant with raised trunk is seen on 
tlic silver punch marked coins, it is seen with its 
trunk hanging, four legs and tail, d(‘picted with 
fi thick lines and a small dot in the head represeiil- 
iug an eye, two long curved tusks. 

Pigs. 4, and 5 on page xxvii, are not symbols, 
thy<* are seen owing to the sui)erimpositi()ii of 2 or 3 
.symbols and llaltening of the figures oil tlie coin 
l)y long use. 

Fig. 7 on page xxvii is the symbol td‘ an elephant 
with a taurine over it, the coins referred to on 
PI. V, \n. S and IS clearly show the hanging trunk 
and the 2 curved tusks llalteued and joined to- 
gether. It is not a taurine. The eorreet figure 
copied from a well ]'res<*rved coin bearing the same 
symbol group is illustrated on 1*1. 2tl Pig. 29a of 
the S. Vnl. XLV. 

h’ig. I on pag(‘ jfxvi -the ciuudiant bull is not 
eorreet; it is a standing bull with 2 fishes in a 
frame, ami owing to the small size of the bull its 

4 legs are not s(‘en s(*parati', but gel mixed. The 
lines of the fi*ame and hoofs of the legs are seen 
(HI the right top corner of the coin No. 4. PL VI. 
of the (\italogiu‘. 1 have never s(‘i‘n a coiicliant 
bull on silver punch-markeil coins. For tlic 
(‘orrcct figure see Numismatic Supplement \'ol. 
XLV. PI. 2(1, No. 32e. 

Pigs. 10 and II on page xxx are not eomplete; 
l*\»r the complete figure sei* N. S. Vol. XLV', PI. 2fi, 
No. 5.4. 

.Most of the tigiii-cs of jilants and trees are 
not <irawii j'orrectly, to enumerate them would 
be lengthy, but it may just lx* said that the figures 
an* drawn as seen by the artist on the coins, but 
I thiid< if an altcmpl of classifying the coins bear- 
ing the same symbol grouiis and tlic allied series 
were made and illustrated on the same plate in 
an order, such mistakes would have been elimi- 
nated, and the complete figures found out ; 1 wish 
AFr. Allan were as accurate in the description 
of punch-marked coins as he was scrupulously 
correct in his (lupta coins. 

It is the symbols on the coins and their group- 
ing by whieli the silver punch-marked coins can Fie 
classified and arranged chronological Ly. Hence 
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injieciiraoios in drawinj^ tlic symbols would bo 
mislojidiiij?. 

The single i}fpe silver punch marked coins are not 
struck Persian standard. 

Dofdiny: with llio single typo silver punched 
coins on pa«e xvi, Mr. Allan while describing the 
Inmt.-bnr silver punclied coins (Snlakas) ns illus- 
trated on ri. T, Nos. I, 2, and >1 says, The inter- 
estinvr features about these i)ieces are that they are. 
struck on a IVrsian standard and re])resent double 
sigloi, or staters, lialf and (piarter sigloi. The 
sigloi does not seem to be known.” 

Formulating this theory of Persian origin he 
emphasizes on tlie point of prov<‘nance of these 
coins in tlie N. \V. Pi'ovinees, which was in the 
neighbourhood of the (*astern (‘iiipire of the 
Aclieminids from tlie end of tlie hth ct'iitury to 
the middle of the 4th (*entury H. ('. 

Jbit til is theory that the bent-liars-punch- 
marked coins were striK'k after the Persian 
standard of the weight of a double siglos does 
not stand the l(‘st when we examine the w<*ighls 
of *,]:] similar coins whieli were dug out from l^»ir- 
nunind at Taxila during the excavations of .l924-2r» 
along with 1059 silver |)iinch marked coins, 2 fresli 
coins of Alexander, a fresh coin of Philip Aridaeiis 
and a worn Persian siglos of the type of the 4lh 
or nth century J5.C. all found in an earthen pot 
mixed with some gold ornaments of the Mauryan 
or Pre Mauryan type. The heaviest oiu* of these 
22 coins weighs 179.4 grains, and the average 
weight of all the 22 coins including the worn ones 
comes to 175.6 grs. The following are the weights 
of the so called bent bar punch-marked coins now 
in the Taxila Museum: - 




grs. 


grs. 



grs. 

No. 

1 

172.3 

No. 2 

174.9 

No. 

3 

173 

No. 

4 

177.2 

No. 5 

177.5 

No. 

6 

178.1 

No. 

7 

177.4 

No. 8 

175.1 

No. 

9 

176.9 

No. 

10 

175.3 

No. 11 

175.1 

No. 

12 

178.36 

No. 

13 

169.5 

No. 14 

175.5 

No. 

15 

177.4 

No. 

16 

179.4 

No. 17 

174.6 

No. 

18 

176.4 

No. 

19 

177.9 

No. 20 

172.3 

No. 

21 

174.0 

No. 

22 

175.3 

No. 23 

176.0 

No. 

24 

176.9 

No. 

25 

175.3 

No. 26 

175.0 

No. 

27 

177.6 

No. 

28 

173.0 

No. 29 

177.0 

No. 

30 

172.3 

No. 

31 

176.2 

No. 32 

176.6 

No. 

CO 

CO 

175.9 
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The maximum weight of a Persian Siglos is said 
to be 8(5.45 grains (Cam. Hist of India, Vol. I, 343). 
double of whic'h would be 172.9 or 173 grs. 

The heaviest of the bent bars in the llritish 
Museum, No. 2 PI. 1 Aveighs 177.3 grs. and the 
average weight of the seven coins excluding No. 4 
Avhich is very much worn is 174.9 grs. 

Hoav could the differences of excess weight of 
the heaviest coins of Birmound and of the British 
Museum by C.5 aiul 4.4 grains respectively be 
ex])lained ? Even comparing their average weights 
Avliich ar(‘ 175.6 and 174.9 grains respectively the 
bent bars are found to be heavier than the double 
of a siglos by 2.7 and 2 grains in their worn condi- 
tion. It may also be noted that only six of the 
Birmound coins. Nos. 1, 2, 13, 20, 28 and 30 weigh 
173 grains or a little less, while the remaining 27 
coins weigh 174 grs. and above, of which 10 are 
heavier Ilian 177 grains. 

If they were actually struck after the standard 
weight of a double siglos the average Aveight of 
these coins should be less than 172 grains as the 
coins are actually somewhat Avorn; unless it is 
proved that the actual Aveight of a siglos Avas 90 
grains, the doulde of Avhich would be 180 grs; 
it Avould be hazardous to say that the so-called bent 
bars Avere struck after I he IVrsian standard Aveight 
of a double siglos. As far as 1 know no double 
siglos has come to light. It appears that these 
coins belong to (bindhar kingdom and Avere struck 
there after the Indian standard of 100 rattis which 
Aveighed 180 grains. The ancient standard Raclica 
Avas calculated by riiomas and Cunningham to be 
of 1.8 grains, J came to the same conclusion after 
AA-eighing a large number of coins though in the 
time of the Mauryan emperors it Avas a little less, 
about 1.75 grains. 

It may be pointed nut that the word bent-bar 
is not a correct nomenclature for these coins, as 
only half a dozen of the 33 Birmound coins are 
found bent owing to the punching at the two ends 
by big puiudies on the same side, the rest ar<‘ 
straight, salAkri would be the proper Avord, this 
Avas also used by Elliot first, to denote long punch- 
marked coins. 

The symbol at the two ends of the coins is not 
a cross-and-ball figure as described by Sir John 
Marshall. It is neither a wheel, nor a sun-like 
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design, it is a clear 6-pointed s^ymbol well known 
in Sanskrit as Sadaraehakra, the points resemble a 
Trisula and its variations. May it not be the 
symbol of Saivite cult known from very early 



1 would like to add here that coins of 25 raitis 
standard weight, the padas J of 100 liatti Coins of 
the ()th or 7th century ]1.(\ arc known ami 
published. The Paila hoard of over 1100 from 
Panchala, the 11 broa<l of Kosala coiris in the 
Tjiicknow Museum, and 20 Suraseni coins from 
Mathura in my cabinet are all of 25 raiti standard 
weight of about 45 grains (Vide Numismatic Supple- 
ment, Vol. XLV, Pis. I, II, III, VI, and XXXI), 
and the Jubilee Number of the same Supplement. 

Even the coj)per coins of 100 rattis weight of 
early times are known. In the early kingdom of 


Magadha at Itajgir copper coins of twenty 
Masakas of 100 Kactikas, 180 grs., were (*urrent, 
even the higher and fractional denominations were 
known. Coins illustrated on Pis. XII and XI M of 
the new (catalogue are the early coins of llajgir. 
I had obtained several exactly similar coins from 
llajgir, weighing about 100, and 150 ratlh, there 
are four or five in the Patna Museum, Captain 
Martin obtained two at Calcutta from a gentleman 
who obtained them from Uajgir.* In brief it may 
be said that coinage on the decimal sys1(‘m was 
known in India in the early days in copper and 
silver both, and that the hent-bars the Salakas 
were struck ou the Indian standard of 100 rattis 
180 grs., and not on the Persian standard ; the mere 
a])proaeh in weight of a few w'orn hent-hars to 
tjiat of the double t)f a Persian Siglos is not a crite- 
rion of the theory of their Persian origin. 

* CiiiiningliaiM in his 'Coins of .Indent India' has 
illustrated 100 Ratti Coins of Taxila. 


Expanding Work of the Imperial Institute 


A most important part of the work of tlie 
Imperial Institute is the examination of samples 
submitted from Empire eouniries in order that the 
commercial possibilities of tlie product in the 
British market might lie determined. The exami- 
nation is conducted by two departments of the 
Institute, Mineral Resources and Plant 
and Animal Products, both in tlie 
ijiboratory and through conimerciai inquiry. 
The annual report of the Institute for 19157 records 
further expansion in the forging of these eeononue 
links between the countries of the Empire. The 


advisory technical committees on niineTals have 
been reorganized and renamed; these now number 
.sevMui and include consultative committees on pre- 
cious metals, base metals, coal and i)ctrnleum, iron 
ami ferro-alloy metals, ami elicmieal industries. 
The number of technical impiiries dealt with by 
the Mineral Resources Department contimietl to 
rise during the year, the total of 1,101 re])i*esenting 
an iiKM'ease of nearly 19 per cent, over that of 
19^50. liuhoratory investigations involved the 
examination of 317 samples from 30 countries. 

— The Chemical Age 
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A Survey of Recent Advances in Magnetism 
Relating to Chemistry 

S. S. Bhatiiagar 

Director, Chemical Laboratories. Lahore. 


The of in rcliition to 

chemistry has attraet(Ml siH'dal interest only 
durinfj reeenl years althoii«:h Faraday, Perkin, 
(^urie, Honda and Owen show«*d early how it 
eoiild be usefully employed in solving ehemieal 
lu’oblems. These developments had to wait, as 
the theoretical side of majiiietism was rather 
shrouded in mystery. The theoretical advances 
in magnetism Collowinj? the lead of Laufijevin and 
the f»:reat strides in atomic, physics and (|uantum 
mechanical theories have facilitated the applica- 
tion of this subject to chemistry. Special men- 
tion must be made of the contributions of Van 
Vleck, Stoner, Bloch, Heisenberj>‘, Lewis and 
J^*Julin^,^ 

The rapidity with which the subject of majfiie- 
tism in relation to chemistry has ^^rown may lie 
judged from the fact that since the appearance of 
the first hook in English on the subject of magneto- 
chemistry (MacMillans, .1935), two books one by 
Honda, and the other by Klemm — have already 
appeared, and even in the short period which has 
elapsed since the appearance of these hooks, there 
has been an almost encyclopaedical output of work 
on magneto-chemical problems. In my survey of 
magneto-chemistry 1 shall confine myself to the 
following : — 

1. Magnetic moments and nuclear chemis- 

try. 

2. Magnetic properties of free atoms and 

molecules. 

3. Magnetic properties of elements. 

4. Molecular diamagnetism. 

f). Paramagnetism of molecules, free radi- 
cals and bi-radicals. 

(). Polymerization. 

7. Magnetic properties in relation to phiise 
equilibrium. 
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8. Influence of the magnetic field on homo- 

geneous and heterogeneous equilibria. 

9. (■atalysis and magnetic properties. 

10. Magneto-optical analysis. 

U. Photomagnetic efl*eet. 

Magnetic Moments and Nuclear Chemistry 

With the di.scovery of the neutron and the po.si- 
tion as definite ])hysical entities. Heisenberg's 
theory of the neutron-proton constitution of the 
nucleus was put on a firm experimental basis ami 
the older theory of jirot on-electron constitution of 
the nucleus had to be rejected. The only serious 
difficulty which remains to be explained is the 
emission of /^ particles by radio-active elements. 
To circumvent this diffieiilty it has been suggested 
that electrons are formed just before the jC?-rays 
are emitted. This has led to the postulation of a 
neutrino a hypothetical particle with no charge- 
arni with a mass e(|i.ial to lU' less than lliat of tin- 
electron. It is probable that the neutrirm has iiu 
magnetic moment. 

The nuclei have meclianical spins a.ssoriatcd 
with them. The total nnelear spin gives rise in 
the I'liclear magnetic moment which comhincs 
with the magnetic field produced by the electrons 
and with the orbital moment to give rise to tin* 
hyperfine structure. The absence of hyperfim* 
structure therefore indicates the absence of 
nuclear magnetic moment. The nuclear magnetic 
moments are related to the constitution of tin* 
nuclei. Experimeiilal dcteriniinition of thcii- 
values has of late attracted considerable attention 
and the following methods have been developed : 

1. Hyperfine structure . — (a) by spectropholo- 
graphy. This method is due to Ooudsmit and hjjs 
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been employed to determine the majrnetic moments 
of Sc, Cs, Li, K, Na, (^ii-isolopes, Sh-isotopes, etc. 

(b) B}f Polarization of resonance radiation . — 
Kllett and Heydenimrf; have developc'fl a method of 
delennininj? the liypevfine sej)a7‘alions by o])serv- 
injr the ehanjj:e in the intensity of tlie radiation 
from atoms in the magnetic field. Ly this method 
very small hyperfine separations for (\ and Na 
have been determined. 

2. Deflection of Atomic and Molecular Beams in 
a nonhomo geneous magnetic field . — The orij^inal 
method of Stern and (lerlaeli of pnssiiifj a beam 
of neutral particles throuj'h a non-homoj?eneous 
magnetic field, as modified by Stern, Kstermann 
and hViseh, has been employed in particular for 
measuriiif? the magnetic moment of the proton by 
carryinj*: out experiments with para- and orlho- 
hydrofren. An extremely ingenious modified form 
of the atomi(? beam method has been developed by 
Rabi, and employed in the determination of the 
nuclear moments of the alkali metal atoms. 

•i. Other Methods. — (i) From the velocity of 
conversion of p-hydroj^en and deuterium into the 
o-variety Farkas and Farkas have deduced the 
ratio of their nuclear ma^metic moments to be 3.96, 

(ii) By i)assinj»’ a beam of particles through two 
.sets of maj»:netized iron bars used as analyser and 
polari/.er respectively, Krisch, llalban and Kosch 
have developed a method An* determininj^ the si^n 
of the maj^netic moment of the neutron, which is 
shown to be nef^ative, as if the particle carried a 
negative charge (i.e., behaved like an antiproton). 

Magnetic Properties of Free Atoms and Molecules 

The work done with the help of the atomic 
• beam deflection method on the magnetic moments 
of atoms is in entire agreement with theoretical 
predictions based on spectroscopic grounds. 
l)xygeii atoms in an eleetrodeless discharge yielded 
a value of 1.67 Bohr magnetons. In the case of Bi, 
liou obtained an undeflected beam at a tempera- 
ture of 1183°K in spite of the ground-state of 
bismuth being ^83/2. This was attributed to the 
presence of Hia molecules. A discrepancy in the 
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earlier work on iron was removed, Kliibunde and 
Phipps having shown that the magnetic moment 
of the iron atom is 2.03 P>ohr magnetons and not 
zero as previously obtained by (Jcrlach. 

The di-alomic molecules of the elements of the 
sixth group of the Periodic Table (Oxygen, 
Sulphur, Selenium, Tellurium) have two valency 
electrons in an incomplete shell and therefore 
pos.sess a diamagnetic and a paramagnetic ‘Si 
stale. As to oxygen and sulphur, it has been 
establi.shed for a long time both by spectroscopic 
and magnetic evidence, that the di-atomic mole- 
cules are para-magnetic, i.e., is the lower of the 
two states. There is a chance that in the 
heavier elements of this group the level 
may be the lowest. Spectniscopic investigations 
have so far not been able to bring about a decision, 
but magnetic measurements by Bhatnagar, 
Jjossheim and Kh'inna have shown that Sco vapour 
is paramagnetic and therefore has a ground- 
state like (>2 and 80. 

Measurements by various workers on Br, A, Ne, 
Kr and Xe have established the fact that their 
siisceptibiHties are in acconl with Iheoretieal 
values. Jodine in solution was studied in the 
author \s laboratories and was found to ionize in 
carbon disulphide and benzene, but to remain in 
the molecular state in cyclohexane. 

Magnetic Properties of Elements 

Susceptibilit}f of elements en masse. — Tin* magnetic 
properties of substances in the solid or liquid state 
dilTer from those of free molecules in so far as 
owing to interaction with neighbouring molecules 
or atoms a structural influence is super- imposed 
on the molecular magncti.sm. 

In special cases like that of the rare earths it 
is still possible to draw conclusions regarding 
magnetic moments from measurements of the solid 
substance. All of them follow the (hirie-Weiss 
law, except gadolinium and possibly cerium, 
(iatlolinium is ferromagnetic with a Curie tempera- 
ture of 16®C. the low temperature saturation 
moment per atom being greater than that of iron. 
The behaviour of cerium is still under dispute. 

Prills and Coffin examined an amorphous form 
of antimony. Bates and Baqi measured the 
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inaji:ru‘tic sust'rpiihility of (flironiiiiin. A j^ood 
(Iwil of (*()iitrovorsy still exists iTf^ardiiij*’ the sus- 
ceptibility of mercury in the litpiid state, which 
disnj^rees witli that in the vapour state and is 
probably due to lifiuid mercury t’ormin*'* polyato- 
mic molecules. 

Mention must be made of the work on bismuth, 
w'hich on account of its abnormal diamagnetism 
and otlier anomalous magnetic pro])erties has been 
a centre of interest botli theoretically and experi- 
mentally. The bismuth crystal has a layer lattice 
with homopolar linkages within the layers and 
metallic ones in the direction perpendicular to it 
and therefore is bound to exhibit certain peculiari- 
ties. (loetz and F(»cke have Jiiade extensive itive.s- 
tij«ations on its anomalous diamaj^netism, the 
influence of temperature and the presence of 
feu’eign atoms in the lattice. 

The outstanding' event in the work on bismuth 
is the l)e Haas-Van .Vlplien KITect. I)e Haas and 
Van Alphen found that at temj)eralures *of 20.4^K 
and 14.2°K a decrease of nla^^■neti/.ation with in- 
creasing' field strength occurred, wluni the field 
exceeded a certain maj»'nitude. At still hiffher 
field stren«:th the maj^netization is ao*ain normal. 

Magnetic anisotropy ^. — An increasiiif*’ amount of 
attention has been j)ai<l to the exact determination 
of the values of susc'cplibilities alon*^ difiei'ent axes 
in a cry.stal. Jt is mainly due to the work of 
Krishnan and Mrs. Lonsdale that these determina- 
tions have been made the basis of an auxiliary 
method for determinino- the structure of crystals. 

Krishnan aiid his collaborators have studied the 
case of j^raphite and .shown that the high dia- 
magnetism displayed by it in the direction normal 
to the basal plane and resulting in the high ani- 
sotropy, is to be expected from the characteristic 
layer lattice structure of the crystal. Ganguli has 
further shown that the high anisotro])y of graphite 
falls considerably when it is oxidized to blue 
graphite. U.sc has been made of these observa- 
tions by the workers at Lahore in elucidating the 
nature of the activation of carbon. It has been 
shown that this process consists in the dcveloi)- 


ment on the surface of carbon of graphitic crystals 
differentially oxidized. 

Magnetic susceptibility) and particle size . — A pro- 
blem which has aroused considerable interest is 
the influence of particle size on the magnetic sus- 
ce])tibility. Kao observed a decrease in the dia- 
magnetic susceptibility of elements like IVi, Sb 
and graphite and an increase for others like Sii 
and Cu. Attention was drawn early by Hhatnagar 
to the fact that the ob.served effects may be due 
to surface oxidation, adsorption of gases, etc., or 
to a change in the microcrystalline structure on 
colloidalizalion. From a series of carefully plann- 
ed experiments involving a rigorous control of the 
method of preparation of elements, their powder- 
ing, grading and chemical examination, it was 
shown that there is no effect of tin* particle size 
on magnetic susc(‘ptibilily in the case of Hi, 8b, 
8, 8e, Te. Hb, Fu and 8n do\vn to about ().4/i,. 
Ijcssheini has discussed the subject at sonic length 
and has summarized the experimental evidence 
available and eoncliulod that the results are in 
agreement with our point of view. 

Molecular Diamagnetism 

As a result of extensive .systematic investiga- 
tions of the magnetic properties of non polar 
organic compounds, Pascal showed that the mole- 
cular .susceptibility could be closely represented as 
the sum of atomic susceptibilities of all the atoms 
in the molecule and a con.stitutive constant dejiend- 
ing on the nature of the linking between the 
atoms. PascaFs values have been showni to be 
generally fairly accurate but a critical study of 
liis data particularly that of (.'Ha group shows that 
a re-ex.:mination of his value is nece.ssary. Pas- 
caFs value for the CHo group from an examiiia- 
tioii of the nitro compounds is -11.42X10 '’* which 
is in good agreement with the figure -11.36X10 ® 
obtained by Mitra and Tuli by the aid of the 
magnetic interference balance from a variety of 
organic substances. The value obtained by Gray 
and Cruickshank is -11.87X10-®. The lower value 
of Mitra and Tuli has the advantage that the mole- 
cular susceptibility for hydrogen caleulated from 
it is -2.68X10 ® which is in better accord with 
-2.37 X 10'®, the theoretical value for hydrogen 
than with -2.98X10"®, the value obtained from 
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PascaPs data. According? to the additivity law 
the susceptibilities of orj^anic isomers t)U)^ht to be 
identical but recent measurements made at Lahore 
have shown that small but definite difTerences 
exist between different orfranic isomers for 
example, for aliphatic isomerides the. susceptibility 
increases in the order: primary, secondary and 
tertiary; for aromatic isomerides the ortho forms 
liave the highest susceptibility. Pascal had deter- 
mined the value of tlie constitution correction 
factor for a lar{»e niimlier of orf^anic compounds. 
Recently useful addition to this has been made by 
Kapur and Verma in Lahore, who have determined 
this factor for addition compounds. 

Whether or not the additivity law of Pascal 
holds }*ood for jiolar compoumis as w'cll, has been 
the subject of investigation of various workers 
durin^r recent years. The work carried out in 
the w'riter’s lalmrat(n*y shows that in elect rovalcnt 
salts, where the ions have complete inert f^as 
(Minfiyuration, the molecular snsc(*ptibility can be 
(considered to be the sum of the ionie susceptibili- 
ties but in compounds of the type Pdl> the 

values obtained arc*. .sli} 4 :htly hi^lKu*, and this may 
be due to their beinj; covalent. The experimental 
ioni(c susceptibility valu(\s obtained show {generally 
better aj^recMiient with the values calculated 
ac(()rdinj; to the theoretical expression for ionic 
and atomic* susceptibilities put forward by Slater 
and .Niijius than by other investigators. The 
above (piantum mechanical treatments have been 
utilized to discuss the electronic constitution of 
diamajiuetie comiiounds. Althouinh applied with 
success to ('Uses wdiere the (*omi)ound behavt'd 
either as a perfect elect rovalcnt or as a c(»valent 
'•lie, the various plans for the (ducidation of the 
stru(*ture have not so far been successful in cases 
where there is partial dissociation. (Jray and 
tVuickshank have put forward a plan, wdiich 
hel])s in differentiatiiif;’ between* different strue- 
tures including those involving resonance, and 
^*an be applied to cases for w'hieh no method has 
hitherto been available. PAir example, the theo- 
retical values calculat(*d according to this ])lan for 
the two formulte commonly assigned to hydrogen 

peroxide give support to the formula ||>0 ~>0 


rather than to H. Pe(*ently (Mow has 

applied this plan to the study of the much debated 
structure of urea and its derivatives and favours 
the resonating zmlicrion structure which is an 
extension of the cyclic structure of Werner. 

Since the discovery of heavy hydrogen, much 
interest has been shown in its compounds which 
have ceased to be chemical curiosities. One of the 
most useful addition to the subject has been the 
exa(-'t determination of the magnetic susceptibility 
of heavy w'ater. Jskenderiaii has made the inter- 
esting observation that the imdecular susceptibility 
values of I),() and IM) are — 1 2. 95 =L: 0.0 1 X 10 “ and 
— 12.97X10 “ respectively, which are j)ractically 
identical. 

Paramagnetism of Ions, Molecules, Free 
and Bi-Radicals 

As regards the i)aramagnetic molecules, the 
electronic theory (d atomic* sti'ucture assigns the 
paramagnetism of an ion either to the orbital 
angidar momentum of an incomplete electron 
shell or to its resultaiitVspin. In accordance with 
this the experimental results have sliown that the 
ions ol tin* transition scTies and of the rare earths 
are paramagnetic. Tin* ionic susceptibilities of 
t!u* elements ol the Hi'st transitional series are 
given more or less satisfactorily by the ex])ression 

r l)wli(‘r(‘ S is the resultant spin; the 

orbital moment being rendered moi‘e or less (*om- 
pletely inoperative. .\ny deviation from this sug- 
gests the interaction of tin* electronic orbits with 
the neighbouring ions to different extents in differ- 
ent (*ompoumls. In order \n investigate* this point, 
tin^ magnetic moments (d* .\i, Lo. Ain, (hi-ions 
were determined in the author’s laboratories. It 
was observed that both in tin* case of Mn and (hi- 
ions the exi)*‘rimeidal and theoretical values agreed 
well, thereby indicating the total (juenching of 
the orbital momeid. But in the case of the Xi and 
(h)-ions the experimental values obtained varied 
betw^een 2.7^ and 2.2 and 4.97 and 5.27 lh)hr units 
against the theoretical values (d* 2.H2 and 2.87, 
respectively. If there is no quenchiiig (d‘ the 
orbital moment, according to the expression 
Pp^ 1 / -IX (X-i-1 ) t' (A-j 1 ) the values should be 5.20 
and 4.47 for (’o and Ni ions res])eetively. The 
experimental values obtained are in between the 
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two vnliios (*al(*iiI{it(Hl by the two i*x press ions. The 
results iiidiejile, therefore, the partial (lueiiehinj? of 
the orbital iiioiiient. 

Ill the <*ase of rare earth ions, however, the 
ineomplete fleet ron shell whieh drives rise to para- 
iiiajiMetism is one of the inner shells. ( 'on.se- 
(piently, the eoniribution due to tlie orbital aiij>rn- 
lar nionieiituni to the j)arainaj*netism of the ions 
niu.st be taken into aeeount. Reeent observations 
support this view. 

The inns of the transition metals of the first 
series have been found to be paraniaj»iietie, but the 
eom|)lex salts formed by them are diama^-iietie, 
indieatinj*- that during the proeess of eo-ordination 
the unjiaired elei'trons of tin* outer shells beeome 
naired and i'lius aeipiire an inert i^as eoiifij^ur*a- 
tion, thereby destroying eom])let<‘ly the momentum 
of the ion. Where the inert j^as eonfij^uration is 
not aeuuin'd, the ion exhibits ])ara magnet ism 
eoi resjiondinf;- to the number of unpaireil eleetrons. 
Thus by invest i»atin^»' the majiiietie projierties of 
copper eom])l(‘.\ Mmijiounds at Lahore a true eom- 
ple.x fiu'iiiation has b(‘(‘n distinguished from a 
double salt formal ioii. Tlu‘ ioiiie ma.urietie mommit 
of ('ll in eo])p<‘r ammonium sulphate and otlicu* 
eom])lex salts was found to be LSI), exactly the 
same as that of Cn-ion in an eb‘etrovalent salt 
a.uainst the zero mai'iieton value oblaine<l for 
tetrakisethyleiie 1 hioearbamide copper nitrate. It 
is, lliei'efore, to be concluded that in the copja’i* 
ammonium compb*x the various constituents are 
held together by elec'ti'ovalont forces, whereas in 
the other true (omplex salts the constituents 
which »■<) to form the complex actually share the 
eU‘cli’ons with the central atom. 

(d* s<mH* »-eneral interest <lurinj*- recent years 
lu.s been the apiilii'ation of tliis method to the elu- 
cidation of the structuri* (d* the constituents of 
blood. Klemm was the first to invest ij^ate the 
majjrnetic jn-operties (»f ])orphyrin complexes, 
which form the basis of a number of natural pro- 
ducts inclmlini^ blood. The metal com])lexes of 
porphyrin ilerivatives were found to be diama}*rie- 
tic. If there were a salt-like combination 
between the metal and porphyrin, the metal com- 


plex would be paramaj^netic, but because it is 
diiiniaj^netic, it has to be rej»:ardetl as a true com- 
plex and has been assij'ned the structure No. 1. 
t)n the electronic basis the structure is repre.sented 
by diat^ram No. 2. Working: independently, 



Jiovvever, Haurowitz found that Ni comimunds of 
port)hyrin are paramagnetic and hence he conclud 
ed that the union (d* the metal atoms (.ciiirs bv 
the loss of 2 electrons to the orj^anic ‘»n)up. Krom 
the consideraiion of other pi*<»perties, such a:; mob 
cular volume, X ray spectrum and solubility as 
well, they hav(‘ assi^iu‘d tin* structure III to llic 
metal com])lexes in preference to f ami l\'. Tiiis 



controversy about tin* ma'inelic properties (d N' 
jiorphyrin complexes has been closi'd siiic{‘ the 
joint publication cd’ Maurowitz ami Klemm, n Im 
have recently collaborated and reported that the 
differences observed by them ai*e md ?*eal. They 
have fouml the nicked .salt of dimethyl mesopm- 
phyrin to be about as diamagnetic as the pareiu 
porphyrin itself, and the nickel salt of tetraimdiiyl 
ln*maloporj)hyrin, which was previously rejiorlcl 
to be paramaj^netic, becomes also diamajuiietic o:* 
uMfeiiif^, and have concluded that Ni-porphyriu‘« 
eoiilain no unpaired electrons. 
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Tlu‘Sf.‘ (‘onclusions luivo rocoiitly hocn supixu-t- 
(•(1 I’nHM ii study of tlio m;ij>iu*rK* pi’oiiortios ot* llio 
i-onslituonls of hcmojilohin liy I’lmlinj*- mid (’oryoll. 
The autlioi's rcj)oi*t that ‘•loliin hoiiioehroiiio^iai. 
dieyanide litMiioeln-oiiiof^on, nieotiiie iK'iiioehroino- 
ycri, pyridine hemoehromo^-fMi, and Xi ]>rotopor- 
phyrin ar(‘ diaina»neti<‘ and ferrilieine and lerro- 
heme are ])aramaj^iielie sho\vin* 4 ' magnet ie moments 
of r).()!)-r».|):t and r).02-4.H:t lioln* majiiietons res- 
ped ively. These ma‘»neti(‘ m(‘asin‘em(‘nls eorre 
s|)()ml to five nnpaiia'd eleelrons for ferriheme. 
I'our lor t‘er]*oliem(‘ and zero for tlie r(‘st. The pre- 
senee ot* untiaired oleetrons in Terri- and Terro- 
lieiiies indieates, therefore, that tin* iron atom is 
attaehed to the four adjacent nitrogen atoms (d* 
tin* por])hyrin not hy eovalenf honds Inif by ionie 
bonds. On tin* other liand, the presence of no 
nniiaired electrons in the other four hemocbro- 
mo}i(*ns indicates that the M orliitals of the 
Terrons iron atom are involved in the formation 
(d‘ covalent bonds and that the iron atom is ac- 
cordinjily attached by essentially covalent bonds 
not only to the four porphyrin nitroj’en atoms but 
also to two othej* atoms u'ivin**' an octalualral 
ari'anjicment of six atoms about the iron atom. 

( ’ontinuinji- their invest ij^at ions on hemo^joliin, 
oxyhemoglobin and carbon monoxyhemojilobin, 
Ihiulin**' and his collaborators liave studiotl the 
iiia**netic properties of ferro-hemoo'lobin and 
hydroxide, hydrosniphide, fluoride and cyanidt* (d’ 
Terriheinoybdiin. Uoth tin* oxy- and carbon 
iiionoxyhemoylobin are found to be diamagnetic 
and heme to have no un])airefl eh'ctron indicatinj»- 
that the ferrous iron atom is involved in the 
foriiiation of six octaln'dral c(»valent bonds, four 
to the porphyrin nitroj»en atoms, one to an atom 
fl>robably nitroj^en) of the «Iobin and one to the 
carbon monoxide in case of carbonmonoxy and to 
the oxyjven in the ease (d* oxyhemo^iobin. The nuiji:- 
netic susce])tibility of ferrohem()f»:lobin correspomls 
to an effective magnetic moment of b.4() Mohr 
niaj^neton, of ferriheinojilobin to b.SO, of ferri- 
1ienioj»lobin fluoride to r).t)2, of ferrihemoj^lobin 
hydroxide to 4.47 and of forrihemoylobin hydro- 
sulphide and cyanide to 2.2(i and 2.50 respectively. 
The nniffneton values for ferrihenioj^lobin cyanide 
JHid hydrosulphide correspond to one unpaired 


electron per heme, indicatin'*- essentially (ovaleiit 
bonds; for ferrihemofi-lobin and its lhn)rid(‘ 1(» 5 
and for fei'ro to 4 indicatin'.; essentially ioni(' 
bonds; and foi* the hydriixidc to thrci* iiidicaliin* 
bonds <d' an in1erm(*<liatc type. 

It would not be out <d' place to mention here 
that over ninety years a^'o h’araday i n vest i.L;a ted 
the. magnetic iinpierties of dried blood and maih* a 
note** must try fresh blood.” Had he then :lct<'r- 
mined the snsceptibililles of oxy^enatc'd and 
deoxyj»enated blood he would have foun 1, as 
Pauling- and his ('ollal)oriitors have now discovered, 
a considerable differenci* between them and the 
sub.seipient researches on blood and hemoglobin 
would have been considerably influenced by that 
observation. 

Hemmctt and Walden as a I'esult (d' similar 
maj'-netic measurements on phenanthrolim* ferric 
com])lexes determined the nature of linkatics of the 
Ke-atom with the rest of the phenanthndinw mole- 
cule. Klemm and his collaboraloi's have employ- 
ed this methoil extensively to distinjiuish 
between the true and ‘the loose complexes formeil 
by the metals of the transition j»roup of tin* fii'st 
series. They could not, however, ap])ly with much 
success this method to the complexes of the hijiher 
members id* the transition sei'ies, becau.se (d* tin* 
incompl(‘te (pienchiii}*- of the orbital moment due 
to the less interaction of the larger ions with the 
nei»:hbours. 

The maj»netic projierties have been injieniously 
employe<l to decide controversies re»ardinji- struc- 
tures in many complexes. Asmussen, from a study 
of the majinetic susceptibility of ferrous tetra- 
pyridine dithiocyanate proved l{osenhcim’s view' 
to lie incorrect. Klemm and Wertli from a stinly 
of the maj>netic susceidibility of red and blue 
varieties of perchroniates showed that fr in the. 
red variety is pentavalcnt wlu-rcas it is hexavalent 
in the blue variety. 

Sludy of paramagnetic substances in solution . — A 
stmly of the maj^netic. ])roperties <d‘ solutions of the 
salts of the transition series has thrown much 
lij^hl on the nature of the ])hysical and chemical 
chanj^es that take ])lace durin}»- the process of 
solution. For some ions the su.sce])tibilily constant 
remains unallere<l when they jio into solution 
indicat in**- that there is no chemical chanj>e. The 
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(*iisc of Mn suits invest a te<l at Lahore may ])e 
eited as an exam[)le of this hehavioiir. hVr others 
it varies witli eoneentratitin iridiealinjj;' a ehemieni 
ehanjre. Examples of this are fnrnislied hy eo])alI 
salts, vvliieh hy their strikinj*' ehanjies of colour 
and maanetie hehavioiir sup[)ort the view tliat 
(fomplex ions of the tyi)e fot'fi and are 

formed. Investi^ali«)ns hy Simden and liarkvvorth 
on similar lines sim'^est t|ie formation of (‘oiuplrx 
ions of cohalt in hispyridyl eohaltoiis chloride. 

Free ami bhradicals. Magnetic measurements 
have also yield(‘d valnahle infoi’mation re»:ardin«‘ 
the existence of free radicals namely the 
molecules containing' an odd numher of electrons. 
If tlie moment in such mole(*ules he due to spin 
only, as in the case of ions, the value of cal- 
culated from 12.84 y'xAfiT-O) would he 1.73 
Hohr\s unit. This has been .shown to he true for 
.such compounds as NO, NOj, OIO 2 and (MO..,. 
The feasihility of this principle has heen ahundant- 
ly proved recently hy Sujrden and Muller. 
Suj^den and his co-workers .studied a Jiumher of 
such eompoumls and fouml that they were stronj»:- 
ly para maj»‘ net ic. hut with an etVective maj*:netic 
moment rather less than the calculated one. This 
discrepancy was attrihuted to the presence of dia- 
magnetic undi.s.sociated molecules. In contrast to 
these in many eompoumls .stmlied hy Muller and 
his collahorators, the experimental value a^rrees 
with the theoretical one. 

The correspondinj*’ dimeric molecules of the.se 
free radicals are, however, diamajrnelic. The 
maauetic method has heen used hy Muller to deter- 
mine the defiree of dissociation of such compounds 
as hexaphenyl ethane and hexa-aryl .substituted 
ethane and the results obtained are in very fyood 
ajifreement with those obtained hy the optical 
metluxi of Zieyler and Kwald. Hecently 
Kar(piharson has determined the dej»rec of dis- 
sociation of (M.4)« both in the liquid ami the solid 
<tes from nuiK'iietic measurements. 

^;hould he possible w'ith the help of maj>:netic 
measure to prove the existence of hi-radical.s, 
i.e., such s^ihstances as have tw<j free linkaj^es due 
to two nnlLp]^(,(l electrons which do not interact 

SClENCJfll^^ 
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with each other. The spins of the free electrons 
should not compensate each other, and at room 
temperature, ought to have an elTective magnetic 
moment of 1.73 for each half of the molecule. 
Many compounds which on account of their colour 
and chemical properties have heen supposed to 
he hi-radicals, have failed to satisfy the magnetic 
lest and the only exceptions are porphyrindine 
and n?-a/-di phenyl methyl. 

Sugden recently observed that tirmhenzo- 
phenone, which from its chemical and i)hysical 
characteristics has heen supimsed to he a bi-radi- 
cal, is diamagnetic. He, therefore, made the 
suggestion that probably the spins of the two free 
electrons are opposed to each other re.sulting in 
the destruction of paramagnetism and from this 
he concluded that the magnetic test may not he 
a decisive one for hi-radicals. M^his view is, how- 
ever, oi)en to the objection that the word hi-radical 
lias recently heen exclusively applied to those 
molecules which have two free valencies imle])en- 
dent of one another. 

Since it has heen established that “ odd " 
molecules are invariably paramagnetic, the mag- 
netic method has heen u.se<l to elucidate the elei* 
Ironic structure of compounds ami also to decidi* 
in other ca.ses whether those compounds should 
he represented hy the simple or the double for 
mula. LowTy assumed the exi.stence of single elcc- 
troll linkage in Me-ZreXa, where X is (M, l>r or 
NO;,, hut the magnetic Investigations carried out 
at Lahore .show that there is no eviilence of tin* 
exi.stence of single electron bonds in such com- 
pound.s. Klemm found the sodium .salt of hypo 
.sulphurous acid to he diamagnetic. He as.signcd 
to it therefore the formula NaaSaO^ as against 
Nat'Mg the generally accepted formula, whirli 
would make this substance paramagnetic. Sugdcii 
from similar inve.sti gat ions repre.sented hypoph(»s 
phorous acid as IJH^Oo and Klemm repre.sente»l 
n compound formed hy the interaction of alkali 
metal and ^ 2^6 as K 2 H 2 l-\ against KHK 3 . 

Polymerization 

Valuahle information on the question of poly 
merization can also be obtained from magnetic 
measurements, .(.change in mass susceptibility oi» 
polymerization was ob.served at Jjahore in anthr.!- 
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ceiie, acetone, benzaldeliyde, I'lirfiirol and acetyl 
cyanide. Farquharson ari^ued that for n-fold 
polynievi/.ation of tin* molecule B the susccptihilily 
of the polymerized molecule will be 

x„ + 

where A is the constitutive correction factor for 
polymerization ; the mass susceptibility of the ])oly- 

H (// - 1 lA 

meri/.ed molecule is tlicn /- 

//.I/,, 

where , 1 /^^ niolecular weight of the simple 

molecule. If A is known, the tlej^ree <d‘ polymeriza- 
tion can be measured continuously by follovvin^^ 
up the chanj»e in the mass susceptibility. In the 
study of such reactions as the i)ol.ymerizatiou of 
dimethylhutadicne ami cve/o-pentadiene, in which 
each stajic involves the elimination of a double 
bond, Karcjuharson Jihsm'ved a lu'ojiressive change 
in the majin(‘tic susceptibility. Kec<*ntly the mag- 
netic data of polyoxymethylenes, the polymerized 
products of oxymethyleiie diaectates have been 
employed to determine the -dFO — ‘•roups in 
polyoxymethylenes. 

Magnetic Properties in Relation to Phase- 
Equilibrium 

From an extensive study (d’ the magnetic pro- 
l)erties of various phase rule e(iuilil)ria it has lieen 
found ])ossible ti) formulate certain rules which 
provide very useful information rejiardin**' struc- 
ture, formation of intermediate com])oun:ls, etc. 
These jicneralizations have been used by Sveiisson 
in <letectin{»‘ several IMH-IM alloys in the IM-ll 
system, by Stephens and Kvans in estaldishing 
the formation of eom])ound Aji'.rSb in the Aji-Sb 
system only and not in the .\}j: Pb or the Aji-Ri 
system.s and by Fallot in detectinjr the pre.scncc 
of certain superstructures in A'arious iron alloys. 
Magnetic properties of amalgams, however, did 
not attract the attention until recently. The 
author found dilute co])per amalgams to behave 
as mechanical mixtures and Rates and Tai, while 
studying the magnetic pro])erlies of amalgams of 
Mn, Ri, Or and (/u, found that with the exception 
of copper all the metals which are diamagnetic in 
the solid state become paramagnetic in dilute amal- 


gams. Venkatramiah rcc'cnlly observed tliat very 
dilute amalgams show slight lairaimienelism. Ris 
re.sults are, however, open to the eriticisin that 
while eabniating the snseeptibilily of amaliiaiiis, 
the value of copper emplo\ed by him is that given 
ill the International Tables and not the one observ- 
ed under the conditions of amalgam formaliim. It 
has been observed at the Laln»re lal)oralories that 
if the experimental values in these conditions be 
used, dilute amalgams follow the oliscrvations of 
Rhatnagar and Rates. Magnetic ])ro])erties of 
alloys have been employed in determining the 
atomie moments of elements when allowed with 
different medals, (iustafsson has recently deter- 
mineel the atomic moment of Mn wlum alloyed 
wilh (\i. Ag and Au. Fallot has detcrmineel the 
atomie moment of h’e when alloye«l with IM, Si, 
AI, Fr, Au and Sn and .ol)s<*rved the variation of 
atomie* moment of Fe in different alle>ys. Th<*se 
variations of aiomic moment in feiTeunagnetie 
a]le).ys are readily cxplaineMl eui the basis ed' a 
Ci)lleM*tive ele‘clron tr(‘atment of ferromagnetism, 
which is being actively devcbipeMl by Slater, Medl, 
Stoner ami otlieU's. 

Xeit (Uily in alloys, but also in e*ompounds the 
magnetic snsee‘ptibility has be‘e‘n slndicd in rcla- 
tieu'i to ])hasc rule cepiilibria. The authoi* examiu- 
eel the magnedie prope'rtie‘s ed* solid solutions eif 
KMnO,-K(M(),. KFl-Nai^, KRr-KFl and KRr-i\aRr 
ami found that in the* system K('l()4-KMn()4 the 
sus(*eptil)ility eoncemli'atiejii curve is a straight 
line*, while the other systems yie'hl e*urvcd graidis. 
The ahriipt ehange of slope in the* susei*ptil)ility- 
conceiitratiem curve has been r(‘ce‘ntly made use eif 
hy Haraldsen and bis eollalmralors in eletecting 
the ai)pe‘}i?*am e of a new pliase particularly in 
systems in which one component is diamagnetic 
and the e)thcr Is fcrnnnagnctic. An inteUTsting 
cxam])lc is tbunel in the system (NiS-S in which 
aeielitiem e)f sulphur brings abemt no change in the 
magiietie suse*eptibility until the e'eimpeisition 
FeiSi.:, is attain(‘el when u stnmgly iiaramagnotic 
phase* FeiS,. appears. Similar liehavieiur has been 
e>bserved in the system Fr-S. 

Influence of the Magnetic Field on Homogeneous 
and Heterogeneous Equilibria 

The magnetic fielel has l)e‘en feiund to influence 
the course eif a chemical rcactieui. The subject 
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lias IxHMi criticnlly cxainiiird hv tin* author in tin* 
1 realise on Maj^netoeliemistry and from I lie data 
then available the eoiielusioii was <irawn that a 
reaction would he aeeelera 1 e<l, retarded, oi* remain 
unaffeeled aeeordin*'- to whether llie sum of tlie 
moleeular suseeptihililies (d‘ the produets is more 
tlian, less than or eipial lo the sum of the mole- 
eular suseejitihilities of the initial suhstaiiees. 

The intluenee of tlie magnet ie field on the 
phenomenon of adsorption has also been invest i- 
}4:ated in the autlmr’s laboratories. It lias been 
observed that the ditferenee in adsorption inside 
and outside the fiehls dejiemls on the fiebl strenj^th 
applied. Investigations of this type have already 
jirovided valuable information re^ardinj*' the 
meehanism of adsorption. 

Catalysis and Magnetic Properties 

It has been observed that a study of the 
netie properties of the catalysts may yield valu- 
able eliies to the theory of catalysis. Hedvall, 
Hediu and Persson, while studyintj: the reaction 
2N2O — I O2 usinjr Ni as a catalyst, observ- 
ed that the rate of decomposition is suddenly in- 
creased above the Piirie iioiiit, although the X-ray 
invest ij»ations by Nunzio do not indicate any dif- 
ference between the lattice structure of Ni above 
and below' the Curie point. I<]xperiments repeated 
w'ith samples havinf*- different (Tirie points also 
indicated an increase in the reaction velocity 
above the corresponding temperature. 

An extension of the w'ork by lledvall and 
others has show’n that the hydrogenation of carbon 
monoxide and acetylene by Ni and the formation 
CO2 from (M) by lleusler’s alloys is much accelerat 
ed at the (hirie points. The changes involveil in 
the catalysts are als<» partly structural. 

The fact that catalytic activity may have some 
relation to the magnetic behaviour, was also con- 
firmed in an extended investigation by Taylor and 
Diamond, wdio found that the spin isomerization of 
hydrogen at low' temperatures is much more cata- 
lysed by a paramagnetic surface than by a <lia- 
magnetic one. Even in cases w'here the bulk of 
the material is diamagnetic, the catalytic activity 
is attributed by them to a paramagnetic surface. 


This idea, though rather far fetched, w’oubl cer- 
tainly re(|uire further investigation. 

Magneto-optical Analysis 

Allison and Murjihy’s magneto optical method 
of chemical analysis, wdiich depends on the invesli- 
gation of the tim<‘-lag of tlie Faraday effect behind 
the magnetic field as a function of the w'avedmigt h 
of the light used, has bemi the subjeit of much 
controversy during recent years. Hughes and 
Hoslin, Wissink and Woodrow have use(l this 
methotl extensively H)!’ directing the Im-ali/ation 
of metals in organs and to detect vitamin A; 
W'hereas Jepperson and l>ell regard the r(‘sul 1 s 
obtained to bi* due to physiological and ])sycholo 
gical (‘ITects. 

Photomagnetic Effect 

It is desirable in this survey to include also an 
account of w'hat may be termed the jihotoniagnetii* 
phenomenon. Light brings about a numbm* (»f 
physical, phys’ico-chemit'al or chemical changes; 
the magnetic study <d‘ thcsi* effi'cts shoubl be (d' 
considerable value in explaining the nature of tin* 
changes involved. During the last lew yeai’s 
attention has b(‘en paid to the magnetic study of 
photo-phenommia to Justify tlu’ treatment of tln‘ 
results umb'r a separate hea<l. 

Heaps investigated first the magnetic proper-* 
ties of illuminated silvei* chloridi* and sebmium and 
show’ed that no change in the magnetic siisceptibi 
lity takes place on solarizal ion. S«mie preliminary 
experiments on tin* magnetic behaviour of silvei- 
hiiliiles have been carried out in the author’s 
laboratories and it has been shown that a change 
in inagTU'tic susceptibility takes place when tlu'se 
substances are exposed to sunlight for extemh**! 
period". Fhange in the magnetic susceiitibility in 
the case of iodide can (piantitatively be accounti’d 
for satisfactorily, if it is supposed that the hali«le 
decompo.ses into the metal ami the halogen. Tin' 
whole subject is at ])r(‘sent under investigation. 

Another of the vexed problems of j)hoto-( hemis- 
iry is the phenomenon of .pholotropy. Phototrojiie 
substances are know'ii to undergo a change in 
colour on exposure to light of a suitable freipiency. 
This change in colour is completely or partially 
reversible w'hen the exposed substan<?es are kept 
in the dark for sufficiently long time, heated m- 
re-crystallized, (leiierally this phenomenon is m >1 
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ju'coinpairu'd l),y any rlian^c in pliysii'al projMM'tios 
liko iiiollinf*' points, crystal structure, cte. 
iVIcasiircnicnts of the magnetic susce])lil)ilities of 
pli()totro]>ic anils, hydra/.ones, semi-carhazitle and 
antlirac(MU' hav(‘ hecn earricfl out hefoi’c and after 
ex])osinji- them to simli^ht in the aiitlior’s lahora- 
torics. 'rhe valin* of the ex])osed and unex])osc<l 
samples was found to he the same, except in the 
ease of anthraetun* wh(‘re tlie (dianj^e is due to 
j)hoto-])olymeriza1ion. 

h'roni the rate of eohnir vlevelopment Pa<h»a 
suyj>‘ested the im'clianism : 

Lie’ll t 

A, ^ —— 2 A 
Dark 

for 1)enzahlehyde i)henylh yilrazoiie and salieyli- 
deiuwv-naphlhylajniiK'. Itul it s<'ems more reasoii- 
al)!(‘. as was point(*d out hy Senic'r and Shei)h(*ard, 
to assume (hat this (hatiji'e which is reversihle is 
due t(> a modification in the aj^jii'cyatioii or sizes 
i»f partich'S. If tliat is so, no chanjie in the maji;- 
nclic susccptil)ilities may he exi)ec1ed, which is in 
a<<'oi*d with th(‘ <*xperiniental facts. 

Kmhi'rson ami DufToi'd hav<‘ also looked for a 
plmtoma^netic effect ill photovoltaic suhstances 
and shown that no chaise in magnetic susceptihi- 
lilv takes place on exposure to liylit. Th(*y suji- 
.ricslcd that eithor the maj^netic susi'cptihility is 
rmt d<‘p«‘nd('nl on the nnmlx'r of fr(*e electrons or 
more [irohahly the ph()lovollai<' effect floes not 
involvt' tin* liherarnni of fi*ee eleelrons. 

"riiere are, ho\vi‘ver, a iiumlier of cases whc‘re 
exi)osur<‘ to li<2ht has detinitely heen shown to 
hriny ahoni a ehanye in t)i<‘ maunelif' susc-eptihi 
lity. the effect heini* more or less cxiilieahle on 
tin'oretieal ‘•rounds, rdiuyan cchserved that halo 
;*(‘n mol(‘<*nh*s show an increase in maiinc'tic sns- 
(‘e])lihility on exposure to li.uhl. Althouiih on 
theor(‘lical ^I’oumls the halo^'cns may he expected 
t(» he adiahatically dissociated into atoms in the 
Jnid states, botii of which oiu»ht to he 

liara-maynetic, the increase in diamagnetic sns- 
ceptihilily ohservecl is proliahly due to the larj»e 
number of excited molecules. This is borne out 
h,y the observation that the change is completely 
reversed on takinj»’ away the li^ht source. 


Rose and Ralia have recently extended their 
earlier work on photomaoiietism and found that a 
])ositive effect is shown by solutions of vanadium 
ions in different valency states and by crystals 
of NiStb.TIl d ). This effect decrease's in the* order 
of Ni ”, Dr‘” and Co” and is ahsc'nt in the solu- 
tions of (h* and Ni in hydn»chloric acicl. 

In order to explain thc*ir ohservatiems Heese ami 
Kaha have as.sumed a sort of loose chemical com 
hination between the molecules of the solvent and 
the paramajiiietic ion, which breaks down on ex- 
])osure to li^ht. Tlie^^ have concluded that, if the 
orbital moment is eiiiially ciuenched in the initial 
or the linal states jis in the case of Cr ’” and Ni ” in 
HCl, no photomajinetic effect would be observed. 
The positive effect in the other suhstances should 
he attributed to the ipienchinj*’ of the orbital 
moment. A further study of this effect is Imiind 
to be of consid(‘ralde intc'rest at least from the 
tM)inl c»f view of the* much vexed ciueslion of the 
theory of solutions. 

Ibidc'r the hc'ad of photo-ma}.{:m‘tic phc'iiomena, 
the fihenomenon of extinction of tlnorescence 
under the action of the magnetic field may also 
Im* inclmled, which was observed and studied by 
(bmard in a series of papers. It has been shown 
that fluor(*scence excited in the vai)ours of l^, S^, 
Se.. and T<*... by a suitable frecpiency is considerably 
an I .sometimes entirely removed by a mati'uetie 
field. Cn close analysis it has been shown that 
terms of the same series and (jiiite often the com* 
pinients of the same miiltiplet an* ditTerently 
affected; tin* fluorescence of sonu* lines is reduced, 
ami of others is ciihamsMi. In the case of iodine, 
Ceiiard has concluded that ]>robably an clectroni<‘ 
level exists between i and This is 

in ajircement with N'an N'leck’s theory. Zeeman 
effect alone cannot ex])lain this tihenomenon. 

I ho))e I have succeeded in showiii}*- some of tlu* 
interestin'*’ and fascinatint*’ features of this subject. 

In comdudino- this survey, I cannot h(*lp hoi)inn’ 
that this histori(‘ meetiii''’ will help us in forji-ino’ 
new bonds of jU'rsonal maj»:netism which will lead 
to further advances in Physics and Dhemistry and 
to the cement inji of the relalicin between the Kast 
ami the West and the old and the new worlds.* 

* Based oil llu* Pi’f.sideiUial Address delivered hy the 
author before the Sei iioii of Chemistry of the Silver Jubilee 
Session of the Indian Science Congress held in January 
V.)Sii at Calcutta. 
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It lifis loiiji Ix'tMi kn(»\vn llinl 21 liijfh proporlioii of 
II10 t()t2il sit'kiifss in nnin iind 2iniin2ils rcsulls tVoni 
infective tlisease whei'c haeteria and other iniero- 
l)ial pcir2isites ji;iin 2i<*(*rss to llie hosts* tissues, 
multiply in them. 2ind ejiiise harmful ellfeets. Of 
these, some >)f the l)2ieteria produce their elfeets 
l)y the loe.-d production of 21 iiowerful toxin which 
passes into the tissues and p]*o<iuces its toxic 
effects on (m‘11s remote from its orijiin. Others 
])roduce their nmin i)at holo^ical effects 2it the site 
or sites in which they are multiplyinj*. Amonji: 
the l)2icterial toxins there are some which are 
characterized by the ease with which they may 
be separiited from the liiicterial cells which pro- 
<lu(e tluMii under snitidile conditions 2ind in a suil- 
;dile fluid me<lium, by p2issin<»’ lliroip^h camlles or 
by liltration thi*ou^h seitz tillers. Tliese toxins 
are referred to is ext) toxins. There are other 
toxins which ar<‘ ('har2ictori/.e<] by remaining in- 
cor])oratcd in the sul)Stance of the b2ieteri2d cells. 
They can be obtained in a state of solution or 
perhaps suspension only by nietlmds which result 
ill the disinte)2r2ilion of the bacterial colls. They 
do not in general exert any eharaeteristic ])harma- 
colojj^ica) action by wliicli they can l»e differentiat- 
ed from one .inollur. They are relatively stable 
to beat wit listiindin^' tcmiicj-a lures of vSO-IIJO^C for 
an luMir or more. They 2iro referred to as endo- 
toxins. The minimum letiud doses of potent 
diphtheria and tetanus toxins fur j*:iiiiiea-pijis as 
;»cner2illy obtained are respectively O.OOI e.e. and 
O.nnono^b e.e. it is, however, reported by workers 
in other bdioratories that they obtained tetanus 
toxins of M.L.I). 200,000 per e.e. The M.Ij.D. of 
botiilinus toxin is 0.001 e.e., wliereas in the ease 
of j;;is jjfan^irene and staphylococcus, the doses re- 
quir»*d to kill mice are very larffc. AVe have not 
yet been able to isolate toxins in a pure state, and 


we often refer to toxins 21s active secretions of 
b2ieteri2il cells. This po])iibir definition of toxins 
is misleading** for tin* follow'inj** re2isons. 

There 21 re .some so-e2ille<l exo-toxins, c.g., j»*as 
y:anf»rene, which 2ire prorluced iii hi^h eoueentra- 
lion diiririji* tin* ])h;ise of active baeteriiil j»rowth. 
This may be <*alled 2)c1ive se<*retion pi'odiiet. Hut 
other toxins, for exjimple, those of diph1heri2i 2ind 
tetanus, are obtained in liij»‘h eoneentration in 21 
tluid culture when the phase of active j^rowth lias 
jiassed and the iiifijority t)f miero-oryiinisms 
liresent are deail nr ilyiniu*. So, how f<ir tin' 2int«i- 
lytie jiroeess may be eoneerned in toxin jiroductinii 
is uncertain. We hav<‘ in tact no reid knowhslf^c 
of what toxins 2ir<' or how they are produced. 

The specific nu'chanisiii for the pnidiictitm of 
a pjirticiilar toxin may jiossibly be dctcrmiiuMl by 
an elaborate study of the eliemie.-d eb2mjL»es under 
^oiie by the eulture. media and also by the physical 
and ehemieal elnin^es innlerj;*t)n(‘ by the laicteri.'i 
Ihem.selves in llu> c.Jirse of the proiliietion of the 
toxin. 

Fur the time beinj^* it is safe to eall exo-toxins 
those siibstjiiiees, which arc obtained free from 
specific bacteria by filtration and without applyinj^* 
any ineehaiiieal me2ins for the disruption of the 
bacteria and which 21 re distinjjuiished from each 
other by their specific pharmaeolojiiuil actions. 

Antitoxin is a substance which is produeiid in 
the serum of animals liki* horses, mules, buffaloes, 
etc., by injeetiiif^ jfradually inereasins doses of 
t(»xin, and which ])ossesses the capacity of eombin- 
inf? with the toxin spoeifieally. Antitoxins are 
proteins in nature and are f^enerally found to be 
2issoeialed with the pseu<Io-j*lol>iilin fr2ietioii of the 
blood serum. It is now usually lielieved that an 
antitoxin is a new globulin synthesized under the 
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direetirifj: influonoe of This influence is 

exerted throufjfh a conihination of the peptides or 
amino-aci<ls with the active j»:roupinj»:s of the toxin 
during: the fj^lohulin synthesis. Hreinel and 
Haiirowitz would locate this syntliesis in the reti- 
culo-endothelial cells, the antitoxin ylohulin heinji: 
released vvlien these cells disru])t. 

This hypothetical localization would at least 
accord (juite well with our knowledjie of the activi- 
ty of the reticulo-endotlielial system. 

Physical Chemistry of Toxins and Antitoxins 

Before di.scussiuji: the theories of toxin-anti 
toxin reaction it may he worth while to say a few 
wv»rds rej»ardim^- the methods of measurinji; the 
potency of the toxiiis and anti-toxins. 

In the case of di])htheria and tetanus toxins, 
there are three units, hy which the potency can 
he (‘xpre.ssed. 

(1) The M.B.I). is the least amount of toxin 
that w'ill on the averaj»e kill a j^uiiiea pij*’ of 
suitahle W('ij»h1 within four days after suheutane- 
ous inoculation. 

(2) The li„ dost* <d' toxi?i is the larj»cst amount 
of toxin which when mixed with one unit of anti- 
toxin and ifijected suhcutaneously into a jiuinea- 
j»ilH' «d’ ])roper vvei<»ht, will on the averajfe afivc ri.se 
to no ohservahle reaction, local oi* jzcneral, 

(d) The li. dose <d' toxin is the smallest 
amount of toxin wdiich when mixed with o!ie unit 
of antitoxin and injected s\d)cutaneously into a 
aninea-pifi’, will on the averajic kill that j;\dnea- 
pij; within 4 days. 

Then from the above deflnitions we may expect 
that, li, -L„ I M.L.l). for a j»iven toxin. In 
fact it is not so. When mixtures of various 
amounts of toxins with one unit oi' antitoxin are 
tested hy suheutaneous injections in the ^niinea- 
pij*, the difference hetween Ij* and L„ lies any 
where hetw'eeu U) and 100 M.Ij.1). 

A^min, if to an B,, <lose of toxin varyinjr 
amounts of antitoxin are luhled anil the amount 
of unueulralized toxin in each mixture is deter- 
mined hy in vivo tests, it is found that the amounts 


of toxin ne\itralize<l hy dilferent fractions of one 
unit of antitoxin are not pro]K»rtional to the frac- 
tions employed. As the amount of antitoxin in the 
mixture is increased, equal increments neutralize 
proportionately less and less toxin, until, w'hen one 
unit has been added, complete neutralization is 
attained. 

Danysz Phenomenon 

It has been observed that if a constant amount 
of l(»xin is added to a constant amount of antitoxin 
the toxicity i)f the mixltire varies accordinj^’ to the 
way in which the addition is made. 

If, for in.stance, 1.0 c.c. of t«»xin, wdiich is com- 
pletely neutralized hy 1.0 c.c. of antitoxin when 
ad<le<l in one instalment, is added to the same 1.0 
c.c. of antitoxin in tw'o or three instalments at 
intervals of. say, lo minute.s, the mixture heconu's 
]iif>:hly toxic. Find her addition of antitoxin is re- 
lired to make such a mixture non-toxic. 

Theories of Toxin-Antitoxin Reactions 

There ar(‘ three classical theories rej^ardiiif; the 
machanism of toxin-antitoxin reaction, which have 
received (‘xtensive consideration. These theories 
have been formulated hy Khrliidi, Arrhenius and 
Madsen, and Bordet. Norn* of these theories, how’- 
ever, app(*ars to explain fully all the phenomena 
ref»:ardin^ toxin-antitoxin reaction. 

Khrlii'li consid<*red the reaction as a simple and 
irreversible chemical reaidion similar to that of a 
stron«»: aidd with a strong- base. But w'hen experi- 
ments were undertaken to standardize toxins and 
antitoxins he fouiul it nece.ssary to postulate the 
existence of a modification of toxin which retains 
its ccunhiniiifi- affinity after losing’ its toxicity. 
This modifie\I toxin was teninMl toxoid. Later. 
Bhrlich had tt) modify his theory hy postulat in?;' 
the existence (d' not one hut a number of toxoid- 
like substances, .so that the theory of a simple 
chemical rcactitm was lost in the confusion of ex- 
planatory details. But the terms toxoid, protox- 
oid, etc., w’ith ditferent afTinites (le.ss or j^reater 
than that of toxin) for antitoxin are retained for 
practical advantage. It has been found that a 
mutral mixture of toxin and antitoxin may he 
made highly toxic hy adding a very small quantity 
of toxoiil. 
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Arrhenius and Madsen tried to explain the 
quaulitalive relations of toxin antitoxin reactions 
with the helj) of the law of mass action. They 
compared toxins and antitoxins to weak acids and 
weak bases respectively and, assuminj** that a 
sirifile molecule of toxin unites with a sinf^le mole- 
cule of antitoxin t(» Form two molecules of toxin- 
antitoxin compouml, deduced the rollowinj^’ equili- 
hrium equation 

(T) (A)=^K (TAr 

They justified their idea of toxin and antitoxin 
reaction as similar to that between a weak acid 
and a weak base on the basis of a close analogy 
which they found in the profrressive neutralizalitm 
of the haemolytic action of ammonia by the a<ldi- 
tion of increasing amounts of boric acid. Their 
theory also sujffrests that in order to eliminate all 
free toxin it would be necessary to ad<l more than 
an e(|uivalcnt amount of antitoxin, thereby accouut- 
irif^ for the discrepancy between L,, and Ii+ 
dose. The curve of partial neutralization is also 
partly though not com])letely realized by their 
eciuation based on law of mass action. The weak- 
ness of their theory lies in the fact that it cannot 
explain the Danysz iihenomenon in a proper way. 
Arrhenius and Madsen tried to explain it by suy:- 
f^eslin^r that an intermediate reaction prevents the 
completion of llie orij»inal reaction when the final 
fraction of one of the reaf*ents is added. I^ut this 
inlei'Miediate reaction is hardly detectable experi- 
mentally. 

Bordet denies the api)licability of the. laws of 
ordinary chemical union, since the law’ of Ohemical 
combination in definite proportions is not Follovvc<l 
by toxin antitoxin reactions. He considers the 
reaction betw^een toxin and antitoxin as a purely 
colloidal reaction, in which the conditions deter- 
minin^r the quantitative relationships are physical 
rather than chemical. He assumes that when an 
antitoxin is added to a toxin, there is a partial 
neutralization {)f each particle of toxin by anti- 
toxin instead of the neutralization of proj»:ressively 
larj^e amounts of the toxin until all is neutralize<l 
by antitoxin. Considering^ the reaction as an ad- 
sorption phenomenon, HiKz used the empirical ad- 
sorption equation of Freundlich to explain these 


phenomena. If x is the amount of substances 
adsorbed by an adsorbent of mass m, c is the con- 
centration of the substance left in the fluid at 
equilibrium and a and n are constants, then 

- - 

m 

or loj^ X— log m — log a+n log c 

If X is taken to represent adsorption per unit 
mass, we get 

log x~log a-j-n log c 

The Freundlic^h isotherm gives a fair fit to the 
adsorption curves oyer a wide range. Since the 
amount of toxin adsorbed or neutralized liy one 
unit of antitoxin will depend on the concentration 
of the toxin in the reacting mixture, the Bordet 
theory accounts for the discrepancy and 

also the results obtained in the partial neutraliza- 
tion of toxins. Bordet *s theory also accounts for 
the Danysz phenomenon satisfactorily. The main 
drawback of this theory is that it ignores dhc 
specificity and that it lacks a qiiantitalivc r(»niiu- 
laliun on a thcorclical basis. Itcccntly these 
defects in the theory have been largely eliminated 
by some modifications introduced by (Uiosh. On 
the basis of certain assumptions in w'hich the 
specificity of antigen-antibody combination has 
been taken into consideration, Ohosh has detlueed 
the following two oiinations: 

( 1 ) r-z'-r-*'''' (A iri 7\\T rnr 

(*^) I* ~ t A" +4 I\f 

wdicrc C is the total number of units of antigtn 
initially taken, P is the units of antigen adsorlied 
when equilihriiim is reached, and K, T and A' 
arc constants. He assumes tliat on the surface of 
the antibody particles there are a certain number 
of ac'tive points where the particles of the corres- 
pomling antigen can be adsorix'd in preference 
to otlicr substances that may be present in the 
solution. Since an anti-body is synthesized by the 
defence organisms of an animal in response t'> 
stimulation by the corresponding antigen, it is 
quite conceivable that its surface should be espe- 
cially suited for the fixation of the particular anti 
gc!i. 
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Tho validity of the* (Hpiatioiis (1) and ( 2 ) lias 
boon tpslod on tho data p.olleptod liy various in- 
vosti^ators, and tlu*y are rouml quilo satisfactory. 

That the toxin-antitoxin reactions are purely 
colloidal is justified from the fact that both the 
reaf'cnts are colloids as will be seen afterwards. 

The followinj^* is a short summary of the 
modern conceptions re^ardinj*- the mechanism of 
toxin-antitoxin reactions. It is now believed that 
these reactions depend on specific afYinities deter- 
mined by chemical structure of the nature and 
spaciiifi: of active j»:roupinf*:s in relation to one 
another. The quantitative behaviour of these 
reactions depends on a variety of factors, one of 
which is considered to be the complexity and lar>*:e 
molecular size of the reactinj^ substances. 
These are supposed to contain many combininj? 
f^nuiiis which combine in varying** proportions 
dependin'^ on conditions. The complexes formed 
are dissociable to a varyinj*: dej?ree. Since com- 
bination may occur in staj*:es, it is also possible 
that some secondary chanf>:e in the aiitiji:en-anti- 
body complex produced in the earlier sta«:cs may 
alter its capacity for further reaction. Af*:ain the 
combination between toxin and antitoxin may be- 
come firm with lapse of time. So the quantitative 
relations that are found in toxin-antitoxin reac- 


tions appear to be determined by hij.'hly complex 
factors. 

Colloidal Nature of Toxins and Antitoxins 

The colloiilal nature of toxins and antitoxins 
has been established by a number of workers. 
M'hey can be dialysed in collo<li(m membranes, 
and their solutio?is possess hifrh viscosity and low 
osmotic pressure, liilfz, Much and Siebert applie<l 
to immune sera and toxic broths the electro- 
colloidal reactions of inorf»:anic and orjianic col- 
loids. They foumi that tetanus toxins and anti- 
toxins were precipitated by iiositive inorj^anic 
colloids. 

In a T-shaped cataphoretic tube, toxins and 
antitoxins mij^rate to the anode in alkaline solu- 
tion having a pH 4.G. This sufrjjests that an 
antitoxin is an amphoteric colloid. 

Since like the proteins, toxins and antitoxins are 
attacked by enzyines, precipitated by (NH*).^ SO 4 
ami salts of heavy metals and are sensitive to 
all reajjents which alter the natural proteins, it 
may be suj;s»ested that they are of protein nature. 
The colloidal character of toxin-antitoxin reactions 
has received further support by the recent dis- 
covery of RamoiTs flocculation test, liamoii first 
observeil that of a series of mixtures of toxin and 
antitoxin mixed in vaiyiuf? proportions the neutral 
mixture flocculates first. The reaction is analo^r- 
ous to the mutual coagulation of two oppositely 
charjred colloids when they are mixed in .suitable 
pro])ortions. 


A Correction 

In “S(’IENCK A.vn ( February, p. 1.32 eohiinn 2, line -12 

for “experiments in respeet of the problem of nrravitat ion reml 
“ Miclielson-ALvlcy s experiment.-* 
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An Outline of the Field Sciences of India 

The puhliention of Jn Outline of the Field Sciences 
of India l»v the fndiati Seieriee Congress Assoeiatioii 
is v(*rv welcome as a guide to a projier ajiprecialioii 
of the various field problems invcdved in the study 
in India of such sidijects as Meteorology, Oceano- 
graphy. (leology, hotany, Zoology, Kthnology, Agri- 
culture, Animal Husbandry, and Archaetdogy. It 
was originally meant for the foreign delegation of 
the Silver .Jubilee of the Indian S<‘ienc(‘ Congress 
held at Calcutta in .January last ‘ to enable them to 
make the best use of tlieir short sojourn in this 
country ’ and ‘ to help the delegates to study any 
particular problem, in case they wished to do so, on 
the spot.’ A glance at the pages of the publication 
will, how'cver, reveal that it will not oidy serve as 
a guide and a companion to all those who may wish 
to employ their leisure hours in the pursuit of the 
Field Sciences in this country, but will also enable 
the specialists in various branches of Science to appre- 
ciate the problems of sister sciences. 'I'he publication 
is edited by Dr S. D. Hora of the Zoological Survey 
of India, who is the honorary treasurer of the Indian 
Science C’ongrcss Association. It contains 8 chapters, 
each chapter dealing with a particular branch. 'I’lie 
subjects dealt with arc: (1) The Weather of India 
by C. W. H. Normand, (*2) 'rhe Oceans round India 
by R. H. Seymour Sewell, (;j) An Outline of the 
Geologic'al History of India by I). N. Wadia, (4) 
An Outline of the Vegetation of India by C. C. 
Caldcr, (.'5) An Outline of the Fauna of India by 
H. Srinivasa Rao, (fi) An Outline of the Racial 
Ethnology of India by H. S. Gulia, (7) Agriculture 
and Animal Husbandry in India by Hryce C. Hurt, and 
(8) An Outline of Archaeology in India by K. N. 
Dikshit. It will be seen that each chapter has been 
written by an authority on the subject and, as such, 
commands close attention. We agree with the. editor 
of thc‘ publication that a composite publication of • 
this nature is likely to have a wide infiueiice in creat- 
ing a broader outlook in the study of ‘ Science ’ as a 
w'liole, anil may help to bring about a certain amount 


of cooperation between workers in different branches, 
W'hich is so desirable for the advancement of Science 
in these days of specialization and which is one of 
fbe main objects of the annual meetings of tin* Indian 
Science Congress Association. 

School Hygiene Scheme 

According to a Press Note, there are signs which 
indicate that the School Hygiene Sclnmic introduced 
by the Government of Mcngal a few* years ago as 
an experimental measure in the Government and aided 
schools has been very successful. It has also been 
found to be gaining in popularity both amongst 
students and the public. 'Mie average health of the 
Bengali student is proverbially delicate. From their 
practical ex})(‘ricnce covering a number of years 
the officers in charge of medical inspection in .schools 
are convinced that the probh'in of improving the 
health of students should be tackled when the boys 
are at school as at that tender age they are in a 
pliable condition of health and are easily amt'iiablc 
to Ireatmenl and correction of defecls. 'riiey there- 
fore propose that the hygiene scheme be made <*om 
pulsory, in the interests of tin* health of boys, in all 
recognized schools in Bengal, w’hcrc all boys should, 
in their opinion, be examined medically alleast once 
a year and the attention of the boys and their 
guardians drawn to the defects at least twice in the 
year. The diseases generally found in school boys 
in this province arc tho.se of the eye (28%), tonsil 
(15%), teeth (10%), digestive .system 
malnutrition (27%). Some other minor disea.ses are 
also common. The cooperation of guardians is 
essential and they should appreciate the value of the 
notification cards sent to them acquainting them with 
the nature of health and defect. s, if any, in their 
w^ards, and take prompt action in the matter. The 
medical officers consider it highly desirable that a 
compulsory ’ tiffin scheme should be introduced in all 
.schools. The tiffin must be cheap and at the same 
time who]e.some. Above all it should cover all the 
proximate principles of food, and yield at least one- 
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eighth ot* Ihe total iralorii* rt'qniremrnt for tlir sUhIcuI. 
This scheme j)ropose(l for llcngal may willi advanta|;e 
be inlroduced into the schools of other provinces as 
well, in case Ihev have not already done it. 

Annual Report of the Imperial Library 

The following siiinniary of tin* annual report of 
the Imperial Library, Calcutta, for makes 

an interesting* readinj^; 

Literature, History and Law <‘ontimic t(» occupy 
the I'irst three positions, when'as Science ((iencral) 
has displaced Hioji;raphy for the fqiirtlj place, tlie 
mnnber of books consulted in this subject bt'iiifj; 
approximately three times that of tin* prccedin*^ year. 
Heliji;ion has perhaps cmne to stay at the ci|chth j)lacc; 
Kducation and (ico^raphy and 'Travels have attained 
fairly hi^li positions, bei?i^* sixth and seventh respee- 
tively. Kor the purpose of this analysis, subjects 
have been elassitird undt“r .*{1 heads, and Literature, 
History and Law, which occupy the iirst three posi- 
tions, come out with l(),9Si), 1,7()0, and 1,750 requests 
resp»'ctively. On the whole tlu're is a general rise in 
the nunila r of books consulted, except in the ease of 
Kconomics, where the number has fallen. 'This fall, 
says Ihe rt'porl. is a little surprising, as Hconoinies at 
one time occupied the third or fourth position in the 
scale of popularity, 'The rise is specially inurk<*d in the 
case of Arehaeohigy, Astronomy, Kducation, Law, 
Literature, Phih)soj)hy, Religion and Science, /oology 
is again last in tin* list, a position which it has occupied 
for the last few years, whih* Numismatics, which was 
its companion two years ago and went up by two 
places last year, has come down again to Iw its 
neighbour. Sjmrts and (iaines have gone up by one 
step, being now the third from the bottom. 

That more extensive use is being made of the 
Library than hitherto is evident from certain other 
intt resting figures supplied in the report. Resides 
the publications available in the Reatliiig Room for 
reference and study, the number of volumes supplied 
to readers from the Stack- Rocuii during the year came 
up to 40,879 witli a daily averag<^ of 11<>, as against 
29,000 of the previous year with its daily average of 
S.'L Tlie total numlwr of persons who visited the 
Reading Room was 50,670, the daily average of readers 
being 143. The number of research workers who 
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availed themselves of the facilities nf the Private 
Reading Room was 23; workers came, besi»h*s Reugal, 
frmn Roinhay, Rihar, Orissa, tin- I 'liili d Pn>\ iiicj s, 
the Punjab and the Lnitui Stales of America. 
Among the L’niversities rcpi*i‘S( jited In these si lmlars 
were tliosc of laicknow, Daeea, ('aleiitta and Long 
Island. From (he Lt'ndiiig Section in all about 12,000 
volumes were lent out, as against a little ovt‘r 13.()()() 
volumes lent in the previous yc-ar. This deen ase in 
miinber is ehit'Hy due to a smaller number of books 
having been lent to (iovernment olliees and similar 
])lae<-s. So far as borrowing of books by scholars 
is eoneertied, th(‘re has not h(*en any diminution of 
interest. .Vn analysis of the number and pereenlag(*s 
of tlu* b(M>lvs lent out tc) various ProviiU'cs shows that 
Reugal, excluding Caleiitla, horrowt'd 11 hooks out of 
every 100 lent out, while all Ihe other Provinces 
eombiiu*d look only about 13. ('aleiilta alone took 
70, as against 71 in the last year. 

New additions made to the Library during the year 
iiinuher S,2t)7 or 1-53 more than during flu* preet‘ding 
year. Of these 751' were })resenled to the Library, 
lOO were received from the Reugal Library, 1,0(59 
were added by pureliase, wbiK* the remaining 5,948 
were ottieial publications. A linguistic analysis of the 
additions made by pureliase and presentation, otiu'r 
than of official publication, shows that the largest addi- 
tion namely Ll<55 was made in Knglish; Reiigali comes 
next with 307 and Sanskrit third with 13(5. Amongst 
other additions, there were 78 in I’rdu, 32 in Hindi, 30 
in Arabic, -If) in l^ersiaii, 13 in Pali, 70 in Spaiiisb, K) 
in French, 32 in (ieniian and 17 in Dutch. About 
50,000 volumes were shelf-listed during the year. 
'I’hus, at tlu‘ end of Feliniarv 1937, when the tem- 
porary staff imgaged ftir the pur])osi‘ was discharged, 
1,1*2,010 volumes had in all been sludf-listed and 
70,970 cards written. Soim* notieealile improvements 
have been made during the year in tlie Reading Room. 
'The seating arrangement has bt eii changed, with the 
result that not only has the number of seats been 
iiien*ased by about a ilozen to 9(>, but the new arrange* - 
meiit also affords better supervision of readers and 
])rovides anqile s])aee along hook racks for readers 
to walk about. Another im])rovement is the new 
arrangement for exhibiting periodi(*als. These are, no 
longer laid on tables, but inst<*ad have been arrang(*d 
in tw’o racks specially made for the purpose. Each 
rack has tlircc small shelves in each row, with a 
capacity to hold 76 periodicals. 'These shelves are 
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tiumlHTcd srrially ami tlif ])rpiodi<'als art* ^iv<?n 
rorrcspondin^ nurnbrrs. An alphalK-tioal list of 
])friodicals <>()ntainod in the racks has been provided, 
and this helps the readtr to locale the journals he 
is looking for. 'I’liis arranf^einent., it is saitl, is 
appreciated bv readers. 

Calcutta Corporation and the Question of Electricity 
Supply 

Several limes in tin* past we dwell on the qne.stion 
«>f supply of eh'ctrieity in this country in general 
and in C’aleulta in j)artieular. We gave reasons and 
quot(‘d statistics to show that the rates charged in 
this country for domestic supply of electric current 
WiTc inordinately high. What we then said has been 
amply corroborated in other quarters, and Dr H. H. 
Dey, Chief Kngineer <if the Calcutta Cor])oration, 
issued a detailed statement which went to support us. 
It will be remembered that the Calcutta Corporation 
have been for a long time devoting a good deal of at 
tciition to the problem, it is due to the persistent 
efforts on the part of the Corporation and vigorous 
public agitation, both in the t)ress and on platform, 
that the rate of electricity was reduced from annas 
to *i annas per unit in (’aleulta. But it has been 
several times shown that the rates can be still reduced, 
easily to one anna per unit for domestic consumption. 

On the 17th September last, the C’orporation, there- 
fore, addressed a letter to the Govtirnment of Bengal 
soliciting sanction for purchasing such of the electri- 
cal undertakings as were within the municipal limits 
of Calcutta. On the 2flth January last the Govcni- 
rnenl replied, refusing the sanction. 'Fhe rea.sons 
given by them are not only absolutely unconvincing, 
they are, in the words of the J. B. Potrika, " beauti- 
fully vague.” If ” in the vital interests of the ])ublic,” 
the (Jovernment tind it difficult to give the required 
sanction to the Corporation of Calcutta, they should, 
we cannot help pointing out, take steps, also ” in the 
vital interests of the public ” to force the Calcutta 
Electric Sujiply Corporation to lower, their rates of 
supply, or in the alternative, to do away witli its 
monopoly in the matter of supply of electricity, cheap- 
ness of which is essential, in these day.s, for national 
progre.ss. And national progress must Ik; the primary 
concern of any civilized government. 


British Association Meeting for 1938 

'rile 19;)8 Meeting of the Hritisli Association for 
the Advancement of Science will be held in Cambridge 
from August 17 to 21< under the presidentship of the 
lU. Hon. Lord Rayleigh, f.u.s. 'I'lie following .sec- 
tional presidents have been apjiointed; A. Mathemati- 
cal and Pliifsical Sciences — Dr C. G. Darwin, f.r.s.; 
B. Chemistrij — Prof. C'. S. (ribson, f.h.s. ; C. Geolof/ff 
— Prof. II. H. Swinnerlon; D. — Dr S. W. 

Kemp, F.H.S. ; K. (icmjraphif 'P. Griffith 'Paylor; 

E. Econamics — Mr R. E. Harnid; G. luiffincerhiff — 
Prof. R. V. Southwell, f.h.s.; H. Anlhropohxjtf — Prof. 

Gordon ('hildc; J. Psifchohuf if — Dr R. H. 'Phouless; 
K. Botany -VroL W. Stiles, f.h.s.; E. Education - 
Mr. John Sargtmt; .M. .Iffricnlturc- -Proi. R. G. 
Stapledon, e.ij.r:. 

The Ananda Temple of Burma 

What is likely to be tht* last contribution relating 
to Burma published by the Archaeological Survey of 
Imlia h.as rcfrnlly been reh‘ased. It is a Monograph 
on the Ananda 'rernple at Pagan in Burma in the series 
of memoirs publislu'd by the Archaeological Survey 
of Imlia on the aruuent monuments of India and 
Burma. Pagan, it may be noted, is the most famous 
Buddhist centre in Burma and among the hundreds 
of temples at the place there is no one which can 
equal Ananda as a religious monument or as a store- 
house of inscriptions and sculptures. 'Fhe date 
assigned for the foundation of this temple is lOtU) 
A.D. in the reign of King Kyanxittha whose zeal ami 
piety led to the adoj'lion of Budhi.st as the Burmese 
national faith. 

Like the religion of the land which came from 
India, the archite(‘ture of this and other Burmese 
temple*', too, bears the stani]) of Indian g(‘riius and 
craftsmanship. Placed in the centre of a spaeiou.s 
court surrounded by brick enclosure walls jiicrced with 
large gateways at each cardinal point, the Ananda 
temple is a perfect specimen of architecture in grace 
and proportions. 'Phe cruciform plan, tlie four 
terraces receding behinil each other crowned by a spire 
rising to a height of 172 feet from the base,- these 
arc the charaeteristies of its architecture and are. 
typical also of Burmese Buddhist artJiitecture in 
gcn(;ral. For long the prototypes of this style were 
not found in India, but as a re.sult of tlie excavations 
and discoveries made by the Archaeological Deparl- 
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mcnt of the Government of India at Paharpur in 
Itengal and at Laiiriya Nandangarli in Biliar, there 
is now ample evidenet* about tlic existenee of this 
partieidar style in early Indian arehiteeture from the 
earlier eeiituries of llie Christian era to the SIh 
century A.I). after which it seems to have developed 
more in Burma, .lava and Cambodia than in tlu' land 
of its birth. 

Internally the Atianda temple is massivi* with 
solid W'alls of enormous thickness, (.’olossal standing 
image.s of tlic Buddha are enshrined in recesses on 
each side of the central mass of brickwork. Another 
peculiar feature of the temple is the frieze of glazed 
terracotta placpies which are embeildod in .small 
panels in the piinth around the temple. 
'rhc.se ])laque.s illustrate the wellknown e])i- 
.sode of the Buddha's eorK|uering tlie forces 
of Mara and have short lalads in .Mon, tin; ohl language 
of Burma. Other incidents of the Buddha’s life are 
depicted in stone reliefs arranged in ni<'h<‘.s in each 
of the terraces. (’olos.sal standing Buddhas are 
en.shrined on the four faces of the innermost solid 
wall and there are some stone images which are con- 
sidered to depict King Kyanzitlha, founder of the 
Annnda temple, 'riu* external elTeet of the Ananda is 
as imposing as its internal details are of absorbing 
interest, and makes it a most interesting monument 
in Burma. 'I'he large vestibules with their 
characteristic arched openings and pediments, (‘astiiig 
deep shadows round the building. ad<l greatly to its 
awe and grandeur, while tiu' numerous subsidiary 
pagodas and sikhars (spires) rangi-d round the main 
spire give it a touch of lightness and grace whieli 
is tl]e admiration of all visitors. 

Mars an Arid Planet 

Several hypolhe.ses have been put forward to ex- 
plain the euruujs marks on the planet Mars. They 
have been taken to he gigantic clitehes or canals 
or even long stretches of plant growth and other 
vegetation. But the.se hyj)olhe.ses arc not w'ithoul 
their difficulties, and the latest is in regard to the 
vegetation-theory on Mars. 'I’he Science Service 
writing in the columns, of the Scientific Montliltf of 
January 19^8, say.s that, according to the ob.scrvalion.s 
made at the Mt Wilson Observatory of the Carnegie 


In.stitution of Wa.shingion, it has been found, from 
a .study of the light .spectrum of Mars, that there is 
hardly any water vapour in the atmospluTc of the, 
ruddy planet. It is also pointed out that an outside 
limit for water vapt)ur in .Mars’ air wouhl be about 
5 per cent of that pre.senl in the earth’s atmosj)here. 
No growth of vegetation is possible in this little 
amount of water va})our contained in the air, \mlcss 
it be cactus or some allicil form that requires but 
little water to grow and would thrive with such su|)ply 
of water as Mars can atTord. 

Cooler Region Animals larger than Warmer 
Region Ones 

A very intere.sting theory has been ])ropounded 
by Professor Dobzhansky in regard to the variation 
of size of the t)ody and its «*oinponenl parts in cool 
and warm n'gions. Jt is a matter for eommon observa- 
tion and it is also usually believed, though no scientific 
explanation was so long forthcoming, that animals 
in the cohl <*limate an* larger in siz<* than their 
respective prototy])es in the hot regions. Professor 
Dobzhan.sky, after long and careful ohst*rvalions and 
also a study of various speeimeiis, both e«>llceted in 
the field and grown in the laboratory, has i-oine Lo 
the camclusion that though as a g(*n(‘ral ruh* animals 
in the hot regions are larger in hotly size than their 
brethren in the cooler climate, they havt* .smaller body 
appendages than the latter (tails, legs, ears etc), 
'riic Profes.sor finds a possible physiological useful- 
ness in these phenomena. " In cold eojintries short 
ears, legs and tails are an advantage, heeaust* they 
radiate Ic.ss heat: in warm l•olmtries such iconoiny 
is not so imj)eralive. 'riie larger hotly size, on tiu* 
other hand, is et>rrelaled with a relatively smaller 
btaly surface- again eti'eeting an energy economy.” 
(The Svi. MonthUf,) 

Proposed Excavation in Frontier 

It is reported in the daily ])ress {The I/indnsfhau 
Slundard of Feb. 1, 19;tS) that archaeological explora- 
tion cxjKcted to yield im))oriant results is slu)rtly tt> 
be undertaken in the N. W. Frontier by Dr Simone 
( orbiau, a Belgian lady, who is now in India touring 
important ancient sites and the mu.scums, with the 
assistance and cooperation of the Archaeological 
Survey of India. Dr Corbiau is expected to go to 
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lilt* Kroiitirr fjirly in March, ami bcfijiii surface ex- 
ploration and trial di#;:j<infi: with the officers of the 
Survey in the Front ier. 

Two years ajijo when l.t. Col. (then Major) (lordon 
first hroui^ht to li^lil the existi-nee of certain types 
of early terracotta %urines in the North West 
Frontier province. Dr. Corhiau after a careful study 
of these refnains particularly at Sar Dheri near 
(-hars.adda, came to the conclusion that tliey were of 
prchistyric origin. It is noteworthy that in the top 
layers of the Sar Dheri mounds, terracotta heads of 
Hellenistie typ«‘ were fournl, while on the lower strata 
were discovered the particular terracotta figurines with 
which Dr Corhiau’s investigations were associated. 
Slone sculptures and other relies hearing an uinnistak- 
ahle stamp of the Hellenistie art are found all over 
tin* Frontier Province and it is helievi-d that discoveries 
like those made at Sar Dheri are jxissihle in the lower 
strata of the numerous iiioumls fouml all over the 
FrontitT. To tiu* archaeologist these mounds with 
their })ossihilities are like an unread hook, the mysteries 
of which when unravelhsi ar<* lik< ly at least jiartially 
t<» reveal the as yet unknown history of the period 
hetween the prehistorie Mohen jo-da ro age and the 
historic Huddhist age in India. 

I’he olijeet of Dr. Forhiau’s exploration is to study 
the relies of the earliest ages still available on the 
Frontier and to assign to them dates and to ascertain 
in what relation they stand to the <*haleolilhie eidlure 
of the Indus valley on the one hand and to the 
Kiirojiean remains which are aserihejl to the Nordic 
(Aryan) race (Hi the other. C’ertain analogies have 
been discovered between these Indian relies and the 
.\natolian remains, whii-h, it is biditved, may on 
pro|)er study, throw e<insideral)le light ujion the Aryan 
problem. It is interesting to n<»le in this e(mneelion 
that in spiti* i>f all that is being said, very little ar<*hae 
logical disciiveries have yet been made which ha\e 
a bearing upon tlw problem of Aryan emigration in 
the remote ages. 'I'he oidy discovery y(‘t made which 
lirrbably is of seme nrlevanet; is of some tablets dis- 
covered at 'Pel el Amarna in F.gypt which are said 
to date back to 11-00 H.C. and record the terms of a 
p(?aee arranged betw'een the Mittani race of Syria and 
the Hitilies living in the regions of the Taurus 
mountain, in these tablets is found mention of names 
such as Indra. Mitra, Vanina, Nastya which the 


Aryans who came to India are known to have given 
to their Vedie Gods. 

Unemployment and Government Service 

'Fhe (loverinnent of India recently addressed a 
letter to all Provincial Governments for their opinion, 
in which they propose a suitable scheme for recruit- 
ment in future of all (Government servants. What tlic 
Government contemplate is that there should be an 
examination to he taken at the age of seventeen, which 
would be of a eompelelive eliuraeter, a definite 
number of ])asses or deplomas being offered each 
year. “ Success in the (‘xamination would give no 
right to a Governimnt a])pointiiH‘n1 ; the ages and 
conditions of admission to the iliffVrcnt services 
would bi‘ regulated, as at present, according to the 
needs of each type. Hut failure in the examination 
would eonstilute a delinite and linal bar to (loverii- 
inent serviir.” In tlieir letter the (Government have 
anticipated some of the points of eriti<*ism which are 
sure to be levelled against this sebeme, and have 
sought to answer them. 'Flu* whole scheme or some- 
thing like it, when laiim*hcd on an all India basis, as 
the (Government propose in their lette r to ele). ivill 
involve the most careful planning. It is a bold sebeme 
no doubt, and one beset with se riejus diffie*ullies. Its 
effect on unemple)ymenl among the e elueattsl (“lasses e.’ni, 
however, hardly be as great as the (Government sei-m 
to believe. I'Aen agreeing that those who arc pre 
eluded by llu* ti‘st from cnlcriug the (lovcrnmcfit 
scrvi<‘c in fiitejrc get time and ene rgy to look nmnd 
for a suitable job in otlier direetiems, what are*, we 
ask. llu* avenues open to tliem, in the j)resenl eireiim 
slauecs, unless, of ee)urse, there is a rapid industrial 
development and national rironstruelion in the country 
w'ilhin the* next few' years 

Move lor Reorganizalion of Educational System 
in U. P. 

The United Pro\ inees (joverninent have appointed 
two <*ommitlees to examine and report on the re 
organi/iation of the ])resent system of ediiealion. '^Phe 
first committee* will consist of 10 member.s, which will 
be asked to examine the organization, eonlrol and 
eurrieula of the present primary and middle stages 
of education up to the end of elass VII and to make 
recommendations to Government for reorganizalion 
and readjustment with special reference to (a) the 
extent and content of the primary and vernacular 
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middle courses including the number and kind of text 
books necessary and the extent to which handwork 
and crafts can be developed in primary and vernacular 
middle schools; (6) the hours of work in the schools; 
and (c) the control of vernacular education (i) by 
Government with reference to the rcorgani^sation of 
the Hoard of Vernacular Kducation, and (h) by Local 
Hoards with reference to the ame ndment of the District 
Hoards Act and the Municipalities. 

The Second committee will consist of 11 incmb« rs 
and will l)c requested to (a) survey the extent and 
content of Secondary and pre-University courses 
including the possibility of transfer of class 
XII to Universities and the utilizing of class 
XI for preparation for s|)ccified courses; (b) to make 
proposals regarding control and administration of 
Secondary Kducation with special reference to the 
working of the Intermediate Hoard; (c) to submit 
•proposals in connection with the Wood-Abbot t Report 
and to define the content of Secondary Kducation for 
boys and for girls; and (d) to consider what organiza- 
tion of schools, Anglo-Wrnacular middle school, 
Higli Schools and Intermediate Colleges, would ])ro 
diicc the best results. 

Professor Charles Gravier 

We learn with profound sorrow of the death 
of Charles .I(»slieph (iravier on DeccmlMT 15, 
1037, at his Paris resilience. He was the Pro- 
fessor of Zoology (in the Department of Worms 
and (’rustacca) in the National Museum -of Natural 
History of Paris till his retirement from the chair 
in October. 1937. 

He was born at Orleans (Loirct) on March 
1S()5, and graduated both in phy.sieal and natural 
si'icnees from the University of Paris. Although he 
got the degree of Doctcur es Sciences naturcllcs in 
his true scientific career did not iK'gin till IS98 
when he became the chief eollalMirator of the late 
Kdmond Perrier, who w’as then occupant of the Chair 
of Malacology in the Museum, a chair associated 
with the name of Lamarck — a clarum el Venerabde 
vomen in the domain of biological sciences. The 
stimulating influence of this Master soon brought him 


to a different and almost a new field of work, rtj.. 
Worms and Crustacea, subjects whose investigations 
were very little encouraged in France in those days. 

It was the days of Lacaze-Duthiers and Kdmond 
Perrier when the enterprise to start marine biological 
laboratories for collecting and examining marine fauna 
was just started. Such an enterprise made a stir in 
the young mind of (Jravier. And in the following 
years (1901-1905) he left Rue Hutton for conduct- 
ing scientific voyages to Somali C’oast, Gulf of Aden, 
Saint 'riiomas Island (Gulf of Guinea) in quest of 
unknown or little-knowii marine fauna. Detailed 
reports of these expeditions were however subsequent- 
ly published in the liulleitn of the Museum. 

His works which were confined mostly to 
Poltfclifieta, Madreporarin, Alcifomria and Stomalo- 
pttda, art‘ however regarded to-day as of I'xccptionally 
rare merit. They soon earned for him not only the 
recognition, which he so richly deserved, from his 
fellow workers, both at home and abroad, but also 
a chair in Zoology (Department of Worms and 
Crustacea) specially crealcil for him in the Museum 
in 1917. He was elected in 1922 a nu mber of the 
Academy of Science (in the section of Anatomy and 
Zoology). His death will be regretted by almost 
every worker in these two important branches of 
Zoology for the development of wdiich he consecrated 
three scores and twelve fruitful years of his valuable 
life. 

Possibility of Production of Power Alcohol 

The Government of Hombay have appointed an 
informal committee of experts to inipiire into the 
possibilities of producing power alcohol from 
materials used for the manufacture of country liquor, 
with a view to utilizing it for industrial purposes. 
Mr. 1*. H. .Vdvani, Director of Indu.strics, is the 
chairman of the committe, which has already held 
two sittings. 'Phe appointment of this committee was 
discus.sed some time ago at a confer(*nce presided 
over by the Hon. .Mr. L. .M. Patil, Minister for Local 
Self-Government, at the Secretariat. 'Phe committee 
is considering the question with special reference to 
the use. of power alcohol not only for motor vehicles 
but also for industries. 
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Utilization of Molasses as Road-making Material 

TIu; [inpi-rial Institulf of Sugar 'IVcIiriology at 
C’avvnpoiv liavo Iwoti for some lime engaged in experi* 
nn'iits for e»»nvertirig molasses into an insoluble resin- 
ous proiluel suitable for use as road-sjirfaeing material. 
'Pile Indian Tradv Journal publishes an aeeounl of 
the proeess in a note eontributed bv the Direetor of 
the Institute under the title " Results of Kxperiinents 
on the utilixation of molasses as roadmaking mate- 
rials.” 'I’he success of the experiments has been fairly 
aehiev<‘d. 'Phe whole proeess of eonversion is des- 
cribed below in the following extracts from the article. 

'I'he improved proeess of inanufaeturing the com- 
position consists in carrying out the resinifiealion of 
molasses with a mixture of coal tar and as])halt in the 
pre.senee of acids such as sulphuric acid. 'Phe earla)- 
hydrates <'ontained in molasses eombined with the 
phenolie bodies contained in as})halt and coal tar to 
form a resinilied compound perfectly insoluble in 
water, satisfying the following conditions: - 

IVrb’ctly Ii(|uid at the lime of application. 

After being spri'ad on llie roatl iu»l nn'lling in 
summer. 

\ol wearing away in heavy tratlie. 

( lu'aper than other asphalt preparations in the 
market. 

'Phe sue<ass of the ojuralion depends upon the 
preliminary removal of the last trace of moisture from 
molass<s before mixing with oth<*r ingredients. 
Rxhaiist molasses are eoneentrated in an iron pan with 
constant stirring until the temperature rises to 
with pri»gressive thickening so that tile molassi^s can 
be drawn into strings. Dilute sulphuric ai-id eorres- 
])«»nding to I per cent of the weight of eoneentrated 
inolasst s. is added slowly and heated until the tempera- 
true ris *s further to \ mixture of asphalt 

and I'oal tar is melteil in a separate furnace fitted with 
dilutt‘ sulphuric acid. Molas.ses treated with sulphuric 
aeiil, as deseribeil, are then gradually incorporated in 
the acidified licpiid as])hall and coal tar mixture, the 
stirrers running constantly. When tlic requisite 


proportion has been added, the healing is continued 
at atmospheric pressure till the test samples show' 
absolute insolubility in water. The product is obtain- 
ed ill' a ))asly condition, easy to handle and suitable 
for application in stone chips. 'Phe solubility of the 
product is almost nil. 'Phe top surface of the molas.s<‘s 
tarmacadam composition sometimes shows signs of 
peeling oR at the surface after two or three months, 
iinh'ss a suitable seal coaling material is applied, 
which should make the surface (piitc smooth. A good 
.seal coating material is prepared by dissolving the 
inr.lasses-asphalt-eoaltar composition in the pro 
duetion of 1 lb. to 1 gallon of cjoal tar. 'Phe seal^ 
(‘oating material is quite liquid and easy to apjily to 
to the road surface. 

'I’he road composition and seal coating mat trial 
have been protected by Indian Patent No. ;M<582. 

'Phe. note then describes in detail how’ molasses 
tarmacadam should be applied in the building of 
mails, and in conclusion, gives details of costs, for 


example. 

As. 

Cost of molasses I, ‘12 lbs. at I-/- per maund (i.ll 
Sulphuric acid 1.15 lbs. at - 1/ per lb. !.!.■> 

.Vsphalt IJi lbs. at Hs. Hit) p»*r ton . . 1 ).;{0 

Coal 'Par at Rs. I-l 1- per gallon, including 

container . . . . 7.')0 

l.al)our .. .. .. 5.10 

'I'orAi. ;il.75 


I* 'Phi* above W'll produce i()(i.25 lbs. of the riwnl 
coiii))osition. 

Hence for thi* manufacture of 1 ton 
of the road composition thi* cost 
will be .. .. Rs. 1-5-12 0 

(Note: The cost of asphalt is Rs. Kit) per ton' 

h’igure.s for cost of eonstrueting a road 20 ft. • 
10.J ft. wide: 

Stone chips, big and small, O.Ti cubic 

ft. at Rs. 20 per 100 cubic ft. . . Rs. 52 0-0 
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Indian Sugar Industry 

Sprakiiiju; on “ 'riii- Swcol and liillcr Asp«rls of 
llii' Sugar Iridiislry in India, al llw Ilolary Clnh «d‘ 
(‘airnlla tni tin; Stii Frbniarv last, K<jlarian Wollf 
said tliat (‘om])aring tlir cane in India with that of 
Java one would immediately notiee the hig field opm 
for improvements. 'I'he industry was how<ver in 
steady progriss ami the speaker had nolieetl that 
South India was produeiiig helli-r eane than other 
parts of India, '[’here had been vast imj)rove!m‘nts 
in tlie manufaeturing [)roeess of sugar and eH'orts wen* 
iiolieeahle to increase the efiieieney of tln‘ faetories. 
rnd(‘r present conditions average e.\traction in Imlian 
mills was 8S per cent against JM. per cent in Java. 
" 'Faking into account the present prices for sugar,” 
the speaker said, ” I have calculated that the 150 
fa(‘torics in India crushing about 12 million t(Mis of 
.cane waste 22 lakhs w»)rth of sugar with every })er 
c(‘nt they are not increasing their extraction over 8S 
per cent and in case they could reach the same average 
as .lava which 1 consider absolutely possible, India 
would save 1-1 1 erores of rujices which otlierwisi* 
are completely lost. 'Fliis is c<‘rtainly a very serious 
matter and not to be ncglceted by those who have to 
watch for tin* most ec<inomic cx])loitalion of the 
natural wealth of this counlrv.” 

While eoinmending the (lovernment for their 
willingness to further the industry, the speaker 
suggested that stune j)rovisions slum Id be made to 
eomtud factory owners to pay special attention to 
tin* efiieieney of their faetories specially with regard to 
tin* quality of sugar, but mainly with regard to the 
best utilization of the cane. In this connection he 
pointed out that if a scheme <*ouId be introduced where- 
by the excise duty was ])aitl pi-r maund of i-ane crushed 
instead of on the quantity of manufactured sugar as at 
])resent obtained, it was obvious that the manufacturer^ 
has every interest to make the best use of his raw* 
materials. He emphasized that there should be 
standardization of sugar qualities which would itself 
lead to the production of better types of canes fetching 
a fairly good price to the cultivator. 

Proceeding he said that everything depended on 
the consumer. ” If you refuse to buy dirt olTered you 
as sugar,” said be, ” tbc manufacturers will have to 
manfueturc- first class qualities, and the more you «*on- 
•''Uine, the cheaper the sugar will become.” 
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(’oneluding. he referred to the <tm\er‘.ion of 
molasses into powt*r ale(»hol a?id regretted that the 
(lovernment t)f India were rt*luetant to grant liet-nses 
to faetories to produce power /deohol. 'Fhis woidd 
not only makt* petrol cheaper hut the sugar imlustrs 
ha\e a further Si»uree of im'ome. 

Coal Trade in India 

Presi<ling o\er the sixth annual meeting of the 
Indian Coal Mi*ri*hants' .Vssoeiation, held at .lharia 
on l*’eb. <ith, Mr. U. K. Ma/umdar observ(*d iw/er al'm 
that a ” feature of tin* industry (coal) which deser\es 
si-rie.us consideration is that, tempted by the iinjiroved 
market, a number (tf small e(»llii*ries have been n*eent- 
ly opeiu*d, and, if production is not (*ont rolled in 
tiim*, the same old question of over-production will 
again arise and the market will be soj>n adversely 
alTeeted.” He further observed that the condition 
of the e»»al trade was much better in iy;i7 than in 
many previous ytars. 'Fhere were market fluctua- 
tions, no doubt, but, on the whole there was a brisk 
trade at a profitable rate throughout the year. 'Fhe 
coal mreehants wert* not, how(‘ver, so iniu*h benefitt*d 
by the market. 'Fhis was mainly due to lack of unity 
amongst th(*mselves. Py joint action tin* merchants 
could establish a better relationship with the collieries 
and c*liminale many difKeidties which arise out of sheer 
misundt*rstanding. Proceeding, .Mr. Mazumdar said 
that they were given to understand that the world 
dt*pression was now over, and that the coal trade* had 
improved for that reason. Hut in reality it w’as quite 
evident that, ow’ing to political disturbances all over 
the world, the iron industry had enormously develo]>ed 
and the coal market had improved on tliat account as 
a natural sequence. A real solution had yet to be 
found for maintaining a steady and healthy condition 
of the industry and the trade. 

Education as Helpmate to Industry 

“Kdueation as ll(*lpmate to Industry” contributed 
by Dr Nazir Ahmad, forms the subject of this month's 
article in our Science in Industry Section. India i.s 
gradually developing into an industrial nation and 
in view' of the changes due to this, w'e have to mould 
ourselves accordingly. Dr Nazir Ahmed here deals 
with the question: Utiw best should the system of 
education in this country be amended.^ And he 
seeks to answer it in the f(d lowing pages. 
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Education as Helpmate to Industry 

Nazir Ahmad 

Dirvctor, Technoloirical Laboratory, Matunira. Korribay. 


In onr of liis l)ook.«i, (Icorgc Borrow ^ives a vivid 
aiTouTil of his mt‘flin^ with an eccentric collector of 
curios, who, with incredible pcrsevcrcncc. had per- 
fornieil the difficult feat of learning the ('hine.se 
lan^'iia^e, hut who neviTthcless could not read the 
time on the dial of an ordinary chxk. For this 
almo.st hourly necessity he ha<l to depend up<in the 
assi.stanct' of others, and therefore, his edtu'ation, 
though profound in the mysteries of (^hinese syntax 
and grammar, was perfectly useless to him from the 
practical .standpoint. VVe in India should take parti- 
cular care to see that our systems of education do not 
re.semble those of the old gentleman, that while putting 
undue emphasis upon the beauties of art or the 
mysteries of metaphysics, they do not fail to equip 
us with adequate weapons for forging our way in the 
intcn.sely practical modern world. ^I'liis caution is all 
the more necessary as there prevails in India an un- 
fortunate tendency to glorify systems or institutions 
merely on account of tlicir antiquity without paying 
any regard to their u.sefulness or value lo the society. 

'riie educational .systems of fmlia were devi.sed 
long ago and modified occasionally with specific objects 
in view. It is not my intention to ent<*r into an 
analysis of thc.se olijccts, nor give a historical account 
of the development of the various educational systems 
in India. I .should, on the other hand, content my- 
self with making a few suggestions as to the type of 
subjticts which, in view of the present day world 
forces and their reaction on India, deserve .special 
attention in our universities. 

India is generally looked upon as an agricultural 
country to the cxelu.sion of any other conception re- 
garding her. This attitude of mind is responsible 
for moulding her educational systems in a manner 
which, to my miml, is not entirely satisfactory. While 
it is true that agriculture is at prexnit the principal 
industry of Imlia, it is also true that no etmnlry can 
nowadays reach the xenith of her power by depending 
upon agricidtiirc alone, and tliat for the fullest 


realixalion of her national resources indu.strial tlevelop- 
meiit is indispensable. Many eountri<*s in the West, 
including those wbieb were bilberto regarded as laung 
primarily agrieidtiiral like India, have r<'eognixed the 
truth of this statement and have ernharked iqmn 1 .'5 
year plans of rapid industrial developineiit . In India 
IIh^ need for such a change of outlook is <-veri greater, 
as owing to a large increase in population, the importa- 
tion of foreign inanufaetured goods and the negleel 
of modern agricultural methods, the pressure on tin- 
land ha.s increased to an alarming extent, bringing 
poverty, di.sea.se and ignorance in its wake. One of 
the most efleetive ways to combat these evils is t«) 
take away an appreciable fraction of llie po])ulation 
from tile field to the factories. Another reason why 
this step should 1 h‘ taken with llie minimum loss of 
time is the growing clanger of a serievs of such eatas 
Irophes as convulsed the whole word in In 

the event of another armagc'ddon in Europe, while 
India can .satisfy her needs in the m.attcr of food 
.stuffs, her supplies of scores of manufactured arli(‘h s, 
including those of daily u.se and necessity, will j-it li» r 
be .severely restricted or completely slopped. .Vssuiii 
ing, therefore, tliat the impact of world forces fn»in 
abroad and a general awakening at home will turn 
the attention of our peoples to industrial enterprise, 
the question ari.scs: ('an our universitie.s and te»*hiii- 
eaJ institutions supply men in sujjicivnt nnmhrrs and 
with proper training to help the indu.stry to place it 
'self on a sound and secure basis? As matters stand 
at present, the answer lo this question can only he 
given in the negative. It is, therefore, necessary that 
in the readjustment of the existing departments or 
the in.stilntion of new ones (the latter process is not 
alway.s fjasy owing to financial eonsideralions) our 
universities .should pay special attention lo sueli sub 
jeets as form the bed-rock of industrial developmeiil. 
Among these subjects, thost' which have so far bci'n 
sadly neglected are (1) industrial chemisirif, (‘.i : 
chemical engineering, (3) geology, (4) metfdlurg.il 
%nd assaying and (6) mining. Until we develop 
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study of these subjects in our universities and turn 
out a sufficient number of trained younj? men possess- 
ing both tlieoretical knowledge and experimental skill, 
we cannot hope to develop our national resources to 
their fullest extent and shall always remain in a 
slate of industrial dependence upvm others. It is I rue 
that the capitalists must come forward to invest iiionev 
in industry, but tlic universities must also contribute 
their share by providing suitably trained men to earry 
on the work in an efficient inanm'r. 

Industrial development in any cou^ry is intimately 
eoiineeted with the availability of cheap power. ()ni‘ 
of the forms in which ))ower can be most eonveiiieidly 
supplied to inilustry is electricity, which may be pro- 
<lueed from coal, heavy oils or waterfall. Apart frmn 
serving as a haiidmiiden of industry, electricity has 
a thousand and one <Uher applications in our daily 
life. In fact it so ])rcmcales our existence that just 
as wc read in the history of the st<me age, the bronze 
age, etc., the modern times will in all probability Jh‘ 
known by the future historians as the electric age. 
As a result of it, new activities dealing with the maiiu- 
faeture of electrical goods for everyday u.se have 
sprung up in most Western countries. In India the 
use of electricity has so far been restricted to larger 
towns, but there is no doubt that as more and more 
of our power resources arc tapped, electricity will 
spread to the smaller towns and villages. We liavc 
an example of it in the C’nited Provinces where the 
construction of the grid system over the Gangetic 
Canals has brought electricity to the very doors of 
the cottages. 'I’he dcmaml for the manufacture of 
bulbs, fans, small motors aiul dynamos, cooling plants, 
thrashing machines, ovens and geysers, radio sets, 
etc., is bound to increase, and the universities can 
materially help towards the development of this phase 
of our national life by instituting courses in applif'd 
electricitif and electrotechnics. 

I shall now' turn from the industrial needs to 
another aspect of our national life which has^ great 
possibilities in the future. I refer to civil aviation. 
The Great War, which brought untold misery, w'astc 
and bitterness to the world, was responsibh' for a 
rapid development in the construction of aeroplanes- 


and the art of flying. Sinci* then the rate of pro- 
gress in these allied branches of human activity has 
been even accelerated and there appears to be little 
doubt that except for the transport of heavy goods 
airways w’ill be used more and more in llu* future. 
India with its vast distances is preeminently suited 
to travel and transport by air, and it is almost certain 
that wdlhiii the next few' decades great strides w'ill 
be matlc in this direction. Here again our universities 
can render vitv great assistance by including such 
subjeets as ( I ) dpiiamics. (*J) mrteomlopify and (It) 
aeronautics in their courst's of study and jiroviding 
fa(‘i lilies for tin* iraininp of pilots. 

Mesides providing for or (‘iieoiiraging higher inslrue- 
tion or research in Iht' siibjt'els which we have indi- 
eaU‘d above as deserving our sjieeial alteiilion, the 
universities can render valuable service to imiiistry in 
another way. 'rhey can institute di)>loma courses in 
several subjects which ))erha))s do not possess suffi- 
cient theoretical haikground or academic interest to 
be rai.seil to the status of a degree course, but W'hich, 
nevertheless, can form the nucleus of a tiourishing 
trade and afford employment ti) a number of people. 
It must he remembered that in all countries besides 
heavy industries, a large number of people are em- 
ployed in arts and crafts wdiieh secure them means 
of subsistence and promote the inU'rnal tradt* of the 
country. In the industrial expansion of .Japan the 
small or village industries have played a very import- 
ant part. The Indian universities can render real 
.service by instituting diploma course in such subjects 
j) UH Art Printing, Liathcr (‘uring and Manufacture, 
Ivs.senee and Perfume .Manufactun*, Fruit ('anning. 
Preparation of Fruit F.ssences and Syrup.s, (*tc. 

'Pime is now' past when w'e should look upon educa- 
tion merely in the abstra(*t or only as a means of 
imparting culture. 'The international comjK'tition and 
the struggle for existence have revolutionized our 
ideas. 'Phe eduealionul resources of the <’ountry must 
be harnessed in the cause of its industrial expansion 
and <levelopmenl. Will the Indian univer..silies veer 
round and adapt themsclvt's lo the needs of the modern 
times or will tlu.v have to be replaced by tei'hnical 
iirstitutions? 

C’est la question. 
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Investigations on the Reclification of Alternating 
Current by Crystals 

Various theories have lieeu put forward to ex- 
plain the aelion of the crystal detectors. Kcclcs 
{ProQ. Ph)fs. Soc., 25, 191')) tjave a complete 
theory based on thermo-electric action at the con- 
tact p(»iril of the crystal. Dowsctl (lyireless Tele- 
phonyf ami Broadcasting, 2, 14-44) mentioned two 
other causes hesiiies the thermo-electric cause for 
l!ic ])henomena of riciitication in crystals, viz. (1) 
the eleitrcM'hemical nature of the elements com- 
prisinjr the crystal and (2) the crystal structure, 
dames (Phil. Mag., 49, 1925) suggested an electro- 
lytic theory. Schleedo ami I’uggisch {Ph})s. Zcits., 
28, 1927) maintained a theory based on arrange- 
ments of parts approximating a iioint and a plane. 

It was Schottky (Zeits. f, Ph}fs., 14, 1928) who 
first pu' forward an elect 1 ‘onic theory of rectifica- 
tion. .According to Schottky, the rectifie<l current 
is a purely electronic flow, which takes place 
between two electrodes separated by a dielectric 
interlayer. IVlabon {Comp. Rendus, h\*b. 25, 1929) 
in a similar way worked out a formula for the 
rectified current which seemed to agree with his 
experimental results. Similar theories have been 
worked out by h’renkel and Joffc {Phys. Rev, 39, 
1932) and Van (leel {Zcits. f. Phys., 69, 1981). 

Ogawa's theory {Phil. Mag., 6, I92H) is based 
on the cold electron emission. Ac<*or<ling to him, 
the rectification is brought about by the difference 
of the electronic emissions from the two electrodes 
forming the contact. 

Keglar {Ph^s. Zeits., 29, 192H) suggest e<l that 
the rectification phenomenon could be traced to the 
piezo-electric eff ect . 

It. de [j. Kronig {Nature, March 2, 1929) .showed 
in a general way that the crystal rectification could 
be due to asymmetrical binding of the ions into 
positions of equilibrium by restoring forces not 
symmetrical for equal and opposite displacements. 


Khastgir {Ind. Jour. Physics, 9, Part 4 and Nature, 
r3‘y, Jan. 20. 1985) develniicil a theory based on the 
existence of an unbalanced electrostatic force on 
the crystal surface which can explain many obscu'v- 
ed facts about crystal rectification in the case of 
ionic crystals whicli do not show volume recti- 
fication. 

Two ilifferent kinds of reed ificat ion have been 
])ointed out by Khastgir and l)as-(Juj)ta (Ind. Jour. 
Ph})sics, 9, Part 8). One Is always associated with 
point contacts and is calle<l the ('onfact-point recti- 
fication. The other kind the volume lecI ification 
which has been found to be independent of any 
jioint action has been demonstrateil in carborun- 
dum, silicon and zirndte crystals. Uecently Deaglio 
{Atti R. Acad, dellc Scienze Classe Fisica, 70) con- 
firmed the existence of volume rectification in the 
different varieties of the carboriimium crystal. It 
was Pierce (Principles of IVireless Telegraphy, KiS, 
1910) wlio must have first observed this volum(‘ 
reclification in carborundum. Wlum a specimen 
of carborundum was platini/i'd on two sides so as 
to make good conducting contact with both 
electrodes of the clamp, the cui'rcnts were found 
to be different in the two op])osite directions. An 
experimental stvuly of the ])otential drop over the 
body of carborundum and a few other (-rystals by 
(Miakravarty and Kastgir (Zeits. f. Physilf, 195, 1/2, 
1987) has also shown volume rectification in 
carborundum. 

The effect of heat, ultra-violet light and X-rays 
on contact j)oint rectifuation was undertaken by 
Jackson (Phil. Mag., May, 192S) and more fully 
by Khastgir and l)as-(iu])tti {Phil. Mag., March 
1985). Sen {Ind. Jour. Physics, 9, 198()) confirmed 
the results on tlie effect of heat and ultra-violet 
light. The effect of heat on the volume rectifiea- 
lion in carborundum has also been studied recently 
by C.'hakravarty and Khastgir (Phil. Mag.f July, 
1987). An interpretation of the experimental 
results has been given in the light of AVilson and 
Fowler’s electron theory of scmi-conductors. 
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It has boon teiitalivcly su}4«oste<l Khastj'ir 
(Nature, /39, Jan. 2, 1987) that tin* imi-polar 
eledrieal (conductivity which (*auscs volume recti- 
fication in carborundum may be atlributed to the 
asymmetry of the crystal structure. Others af»aiu 
have suj’j’csted that the cause of volume ivctifica- 
tion is the noii-liomoj'eneity of the crystal, 

S. R. Kltaslgir. 


Behaviour of the Forbidden Oxygen Lines 

Kor both normal and doubly ionized states of 
oxyjicn atom where l^’c cl ■ ronic (‘onfi«uration is 
l5‘-2s’'2p^ and ls‘'2.s^2p“ res|)c('tiv(‘ly tin* “round 
terms are 'I*, ,,1,2; ’1)2: 'S,,. I'ndcT all normal cir- 
cumstatices, electron transitions amongst these 
levels are not allowed, but it is well known that 
under special ('oiiditions such transitions do occur 
and investigators have observed emission lines due 
to th(‘se t?‘ansitions for oxyycn in lab(»ratory, in 
earth’s atmosphere and in cel(‘stial nidudac. The 
transition ’Da -'S,, is i*eferrcd to as “ aurorar* ami 
the two lines due to the transition '’P.ui.r M)‘> 
as “ nebular ” in literat 

M. r. (Vindon has “ivcii the theoretical values 
fo^* the transition prot)ability of these lines (Astro. 
Journ.. 79, 217, 1081), where ho has slmwn that the 
“ (luroiu/ ” line should be I'roiii one t<i two hundred 
limes as stroiiji' as the stroiij^est line in the 
** nehu/iir ” pair. This I lieorel itail value is very 
nearly eorroboi'aled in the spectrum <if aurora as 
well as in I hat of the iii;rht sky li“hf under all 
normal ein'iimslaiices. Ihit the ease is entirely 
ililTerent winui auroral displays are illuminated by 
sunlio-ht or when the li^ht of tin’ ni^ht shy < omes 
from re^iions that still receive radiations from the 
sun. ruder such conditions the ratio of the 
nebular to tlie auroral lijiht attains a much hijrher 
valin* and, at t inn’s, exuai becomes “I'cater than 
unity. In ?iebulae, on the otlier hand, it is always 
observed that the pair of nebular lines are stronger 
than the auroral one. 

Though tliese facts go straight against the 
theoretical value of (’ondon for the ratio of these 


intensities calculated only on the basis of iidierent 
probability of the emitter, still one has some 
juslifi(cation for it when one finds that the statis- 
tical weiglit of atoms in S- and /3-stales may vary 
according to the physical conditions. Ibit this 
argument falls through in the case of the lines of 
the ne))ular pair due to tin’ ti’ansition ='P,.,,,2 ;; ‘D... 

Here the transition starts from a emiimon single 
metastable stat(‘ M)^ and as such the ratio of in 
tensity should deperid on the inherent transition 
probability of the d'-slales regardh’ss of tlu’ 
physical condition of the emitter. So that what- 
ever the actual value of the ratio might be it should 
persist everywhere, vvln’tlicr in laboratory, nebulae 
or Jiovae. 

For sojiie time past it has been report t'd by 
varimis invi’sligators that the intensity ratio in 
the nebular pair of lines in tin* s|)ectrum of novae 
is not found to iu’ (*onstant in every cas»’. Hut the 
iiH’lhod of observation contaiiu’d so many points 
against it and tin’ theoretical reasons were so 
strongly against such observations that they vvc’re 
not a(*ce|)t(‘d as very reliabh’. \. T. liobrovnikoff 
and d. M. Maef^ueen took up this subject for in- 
vestigation taking all the possible precautions to 
arrive at some definite and at the same’ time reli- 
abh’ (’onclusion for tlu’ relative in1(‘nsilies of the 
nebular t)air of lines and reported their work in 
the Astroph^sical Journal {86, I4(>, 1987). These 
investigators measured tin* relative intensities of 
the nebular ])air of O, from pliotometric tracings 
of eleven plates of Nova IlercuMs 1984 idndo- 
grapln’d at different times from Jan. b, 198b to 
March 89, 198(> and showed that tlu’ intensity 
ratio I, varies from a maximum value of 
8.IS to a minimum of 1.4(i. I In* iiu’au value of all 
the obsci’valions being 2.74 with the probable erreu' 
as 0.14. The required theorel ie.al rati<» of the two 
intensities as given by Fondoii is 8. 'I’lius they 
conelude with perfect dcliiiiteness that as far as 
their plates aia* coiici’rin’d the fact of variatioji is 
beyamd doubt. 

The pn)l)h‘m is of siu*h interc’st from the 
fhcorelical view|)oiut that it should attratd atten- 
tion of other investigators theoretical as well as 
experimental. 

5. C. Deb. 
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Preparation of Weighable Quantities of Isotope 87 
of Strontium as Product of Transformation of 
Rubidium — from a Mica of Canada 

Tn ordiM* to i‘liici<lute 1h(‘ (pieslion of the mass 
of the rndiojK'live isotope of Rl), Hahn, Strass- 
mann and Wallirm {NaiumvisSf 25, 1S9, 1937) have 
treated a mineral of mica from the (Jreat Beak 
lake eordninin^’ Rh. 

They have exiraeted ‘ioO mj*. of SrCO^, which 
have been analysed by the Mass specloKraph. It 
is found that the ])rineipal constiluent (99%) of 
the product is S7 Sr while the ordinary prinei]>al 
isotope 88 of Sr is present only to the extent of 
few parts per thousand. One has thus the direct 
proof that the active isotope of Rb is 87 Rl); which 
is in aeeorri with the rule of Muttaueh (Z. Physik., 
3/, 3f)l, 1934) according' to which 2 stable isobai*s 
of odd atomic weight cannot exist ; one of the 
isobars 87 Hb— 87 Sr must ho unstable. 

P, B. 5. 

Artificial Radioactivity in Therapeutics 

The neutrons obtained by the iMimbardment of 
Be with y-7*ays of Ra and slow'cd down in paraffin 
have been iitiliz<‘d by Lafay and Bafay (C, R., 204, 
1593, 1937) for aelivatiiiK different salts of As and 
I in order to see their therapeutic applications. 

It has been fouml that the int<*rvenous injec- 
tions of (Ril \a)l ji'ave in the treatment of 
rheumatism results as j^ood as that obtained with 
MsTh oi* Rn with the advantage that the lilood 
torniula is not sensilily altered in the jiresent case. 

Besides Rd -1 has been utilized to brin^ in 
direct (ontaet the cancerous cells with the p rny 
it emits. 

P. D. S. 

Counteraction of Cereal-ricket by Fat 

Ricket is ])rodueed in younj; ])uppies wdien 
larj^e amounts of cereals arc added to <liets re- 
latively poor in ealeiuiu and vitamin 1). The 
trreater the proportion of cereals in the diet, the 
iU’eater is the ilcf^rcc of rickets produced. Some 
cereals cause worse rickets than others and these 


differences bear no relation to the calcium or 
phosphorus content of the cereals. From the 
results of the researches of several workers there 
seems .some reason to believe that the rachitogeiiic 
action of cereals, in diets which are relatively, 
althouiLfh not absolutely, deficient in calcium and 
vitamin 1), is due to the relatively hij^h proportion 
of phytin in cereals. 

Boyd and others found that moderate amounts 
of fat (10%) increase the intestinal absorption 
of Ca and 1*, probably ])y making? an acid reaction 
ill the Intestine so that (*a .soaps are formed, 
wdiich are well utilized. Absorption of Ca in 
children was oplimal if the food contained a pro- 
portion of 0.04 — 0.08f)‘ Ca to fat. The rachito- 
fienic action of cereal diets appears to bo due lo 
interference with the absorption of Ca from the 
inte.stine. 

Siiue it is known that fats have a jireat in- 
lluence on the intestinal absorption of Ba it scem- 
c<l proliable that the addition of fat to such cereal 
diets woiihl eoiinleract tlu'ir ra(*hi1oj»enic tenden- 
cies by crealinji: more favourable conditions in the 
intestine for Ca absorption. 

K >). McDoujiall (Biochem, J., 32, 194, 1938) 
carried out rat I'ecdinji- expi‘rimenls, usiim Hu* lii^h 
cereal diets to produce rickets in youn^’ rats. Kal 
was mlcled to .some of the diels and a ealorieally 
equivalent amount of starch tn nihers, to test 
whether the atldilioii of fat alone would prevent 
the rickets produced hy these cereal diets. 3'he 
(|uaulily of fat added was about 11% of th(‘ total 
weiji'lit of food, a pro])orlion w’hieh is (|uite usual 
ill human diets. Of the three fats tested, lard, olive 
oil, and cocoanut oil, lard »ave the best protection 
afjainst rickets ami also the best ^row'th curves; 
olive w'as rather le.ss favourable to jirowth and 
less certain in its prevention of rickets. Cocoanut 
oil j^ave very incomplete proteilion ajiiaiiist rickets 
but it also interfered with the appetite and jjrowMh 
of the animals, so that its purely protective action 
cannot be judf^ed from these experiments. 

A normal amount of fat in the diet seems to 
be imiiortant for the solubility in the intestine (and 
hence for the absorption and utilization) of cal- 
cium and phosphorus. 

H. N. B. 
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University and Academy News 


Royal Asiatic Society of Bengal 

TIk* Aiinujil of llu* Koval Asialio 

Social y oT K>cii!»al was licM on Monday, llic Till 
h\*l>niai*y a1 o-liO ]).ni. The following- offiac 
haaj’crs wai*a claalad f(n* Ilia year 

President..— ^\v David K/ra. 

Vice-Presidents, —\)v A. M. Heron, Ll.d'ol. N. 
liarwell, Brevet-Dol. It. N. Dhopi'a, The Hon ’hie 
Mr. Justice John liort-Willianis. 

General Secretary. Mr. Johan Van M alien. 

Treasurer. — Mr. Percy Drown. 

Philological Secretary. — Dr S. K. (Miatterji. 

Joint Philological Secretary.- -Shaiiisu’l ‘ riaiua 
Mawlavi M. Hi<layal Ilosaiii. 

Natural History Secretaries. — Biology: — Dr Haini 
I’rashad, l*}iysi<*al Science: — Prof. J. N. 
Mukherjee. 

Afithropological Secretary. — Dr. P. S. (Julia, 

Medical Secretary. — Rai Sii* I’pendra Nalh 
lh‘ahniachari Bahadur. 

Library Secretary. — M. Mahfu/ul Ilacp Ksq. 

Other Members of Council. — Mr. N. (1. Ma.iunidar, 
Mr. K. r. Mahiinlra, Mr. AV. I). West, Sir 
(Jeorge Paniphell, (’apt. C. L. Pasrieha, Dr Kali- 
pada Biswas. 

An ordinary Monthly Meeting of the Royal 
Asiatic Society of Bengal was held on Monday, 
the 7lh Pehruary, 19JS, immediately after the 
termination of the annual meeting. The following 
candidates were balloted for as ordinary members. 

(1) Praniatha Kumar Chakravarty ((.’alcutta). 

(2) M. I). Chatterjee (Agra). 

(3) Lalita Prasad Sukul (Calcutta). 


The Indian Chemical Society 

The lAnirleenlh Annual (Jeneral Mi'cling of 
the Indian (’hemical Society was held on Wednes- 
day. tile oth January, 193H, at 3 p.m. in tin' 
Phemistry Section room of the Indian Science 
Congress at Calcutta with Profe.ssor J. C. Chosli. 
Presidmit. in the chair, 'fhe folhnving office 
bearers were elected: 

Vice-Pesidents. — Pn P». Dey and Pnd*. .1. 

N. Mukherjee 

Hony. Secretary. — Prof. B. C. (Julia 

Hony. Treasurer.- Prof. P. Neogi ; 

Hony. Auditors. -Mr P. C. Kandi and Mr. T. K. 
Itoyehovidhury. 

Ordinary Members of the Council . — Prof. P. Ray, 
Dr iM. S. Patel, Dr P. C. (riilia, and Dr K. Ij. 
Moudgill. 

The Hony. Secretary's reiiort and the Hony. 
Treasurer’s statement of accounts were reail and 
ailopted. 

The (.’onncil’s proposals regarding the publi- 
cation of the Industrial and News Hdition of the 
Society’s Journal under the joint auspices of the 
Indian (Miemical Society ami the Institution of 
(Jhemists (India) were read by the Secretary and 
adopted. 

Prof(‘SSor J . C. (Jhosh read his presidential 
ad<lress on “ Physico-ehemieal investigations of 
Vitamin (’.” 

Calcutta Mathematical Society 

The Annual (Jeneral Meeting of the (’alcutta 
Mathematical Society was held in the Society’s 
room on Sunday, the 3()th January, 1938, at 4-30 
p.m. 


493 


Vol. III. No. 9 
MARCH 19.S8 



UNlVERSin AND ACADEMY NEWS 

The Annual and the Auditor's re])orls for the 
year 19.*n were read and adopted. 

The follov/in‘»‘ OtKiee-hearers and iither Members 
of the (’ourieil for th(‘ year were elected: 

President. — Principal H. M. Sen, (Calcutta). 

Vice-Presidents. — The Hon ’hie Sir S. M. 
Sulaiman, ( Allahal)ail ) ; Professor C. V. Hanu- 
manta Ilao, (Lahore); Dr. N. N. Sen, (( ’aleutta) ; 
Professor h\ \V. Levi, (Caleutta). 

Treasurer. — Mr. N. C. Rov, (Calcutta). 

Secretary}. — Mr. S. K. Chakravarty, (Calcutta). 

Other Members of the Council. — Professor 
N. H. Sen, (Calcutta); l*rofe.ssor A. C. Hanerjee, 
(Allahabad); Dr. M. R. Siddi(|ue; (Hyderabad); 
Professor N. M. hasu, (Dacca); Dr. C. N. Srini- 
va.sienj>:er (Hani^alore) ; Dr. J. (Ihosh, (Calcutta); 
Dr, R. N. Sen, (Calcutta); Dr. S. C. Dhar, (Naji:- 
pur) ; Mr. Satis (Miandra (Ihosh, ((^ilcutta) ; Mr. 
H. P. Bannerjee, (Calcutta); Dr. V. V. Narlikcr, 
(Benares); Mr, Raniendramohan Majunider, (Cal- 
cutta), 

The following papers were read: — 

(i) D. N. Sen and V. Ranf»:achariar : -On 

the Zeros of (leneralized dacobi Poly- 
nomials. 

(ii) M. Roy:— Motion of twm Infinite cir- 

cular cylinders in rotating fluids. 

(iii) N. Rama Rao:- -Some congruences of 

modulus m. 

Indian Physical Society 

The Fourth Annual Meeting of tlic Indian 
Pliysical Society was held at 'S p.ni., on the 5th 
January, 1938, in the physics lecture room. Baker 
Laboratories, Presidency College, Calcutta, with 
the President, Prof. M. N. Saha, in the chair. 


A resolution expressing condolence at the sad 
denrise of Lord Rutherford of Nelson and Sir 
Jagadis Chandra Bose was moved from the chair 
and passed. 

After the President’s introductory remarks, 
Prof. Sir Arthur Kdflington delivered an address 
on “ Scattering of protons by imdons.” Prof. \V. 
Jhithe of Heidelberg, then rea<l a paper on Cosmic- 
ray showers. 

Th(‘ following w’cre elected office-bearers of the 
Society for the current year. 

President.— 1 )r. S. K. Banei'ji, (Poona). 

Vice-Presidents. — Prof. 1). M. Bose. (Calcutta) ; 
Prof. (I. R. ParanjiK*, (Bombay); Prof. M. N. 
Saha, ( AIIaha))ad ) ; Prof. H. P. Waran. (Madras). 

Secretary}. —Vrof. S. K. Mitra, ((’alcutta). 

Treasurer. — Prof. P. N. (Ihosh, ((’alcutta). 

Members of the Council. — Mr. S. K. Achar.va, 
(Calcutta); Prof. A. (’. Banerjee, (Allahabad); 
Prof. S. N. Bose, (Dacca) ; Dr. B. Chuckerbiitty, 
(Calcutta); Dr. P. K. Kichiu, (Lahore); Dr. D. S. 
Kothari, (Delhi); Prof. K. Prasad, (Patna); Dr. 
K. R. Rao. (Waltair) ; Prof. N. C. Ray, ((’alcutta) : 
Principal B. M. Sen, (Calcutta); Prof. N. R. Sen, 
((’aleutta); and Prof. M. R. Siddiqiii, Hyderabail 
( Deccan). 

Botanical Society of Bengal 

The Sixth Ordinary (leneral Meeting of the 
above Society was held on Wedue.sday, the 2m 1 
hV])niary .1938 at 5 p.m. in the liotanical Labora- 
tory, Calcutta University, 35, Ballygunge (’ircular 
Road, (’alcutta. 

The following paper was read : - 

S. M. Sircar — “ Nitrogen metabolism in rela- 
tion to respiration of potato tubers ” 
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Letters to the Editor 


{The Editor is not rrsimnsitdc for the viaes r.rprrsscd in I hr I.rttrrs.\ 


Absorption Spectra off CoCU Vapour 

In the ions belonging to the first transition group of fli'ments, 
the 3fi electrons are responsible for the magnetic properlits as well 
as the colour shown by them. But both in eiyslals and solutions 
containing ions of this group the latter do not behave as free ions 
being subjected to an inhomogeneous crystalline electric Held, vxhith 
remarkably modifies their optical and magnetic propeities. In the 
vapour state however the crystalline field would be absent and 
investigations of the magnetic and optical properties of these' salts 
in the state of vapour should yield interesting results. 

The absorption spectra of CoClj vapour have been investigated 
at temperatures up to 1000*" C. Anhydrous CoCb prepaied in 
the laboratory, was heated in a silica tube placed in a horizont.tl 
electric furnace and a column of vapour 30 c.m. long was obtained. 
It is found in standard treatises on chemistry that anhydrous CoCb 
melts at 724'" — 735" C', at H(K)° C the vapour pressure is 01 m.m. 
and at 1010" C it is 522 mm. I he silica lube was closed at 
both ends by plane quartz windows and connected by means of a side 
tube to a (Vneo pump. When the furnace vx'as maintained at 
600*’ C, a number of absorption lines appeared in the red region 
and the lines were most prominent when the vapour was .main* 
tained at a reduced pressure (10-20 c.m. of Hg.). The position 
and nature of these lines are given in the table below. 


Table I. 


1. 6691,7 A.U. 

2. 6726.3 .. 

3. 6767,3 „ 

4. 679«.3 „ 

5. 6850,4 

6. 6892.5 .. 

The width of the sharp absorption 
the strong emission lines of neon. 

In addition to the above lines a 
towards the red appeared in the 
higher temperature (l(XK)”C) and 
more prominent. The position of t 


Strong, sharp. 

Very weak, sharp. 

Strong, sharp. 

Weak, sharp. 

Strong, diffuse. 

Strong, diffuse. 

lines are comparable to that of 

number of band head» degraded 
blue and violet region. At a 
reduced pressure the bands were 
he band heads are given below. 


Table 11. 


4186.4 A.U. 

4210.5 

4256.9 
4281,1 

4330.9 

4351.9 


4410 A.U. 

4431.3 .. 

4493.7 .. 

4516.3 ,. 

4842.8 .. 

4879.1 ,. 


Mr. P. C. Mukherji, 


working in this lalioralory, has observed bands 


in the tame position in the absorption spectra of some rare earth 


halide vapours at high temperaturts and these bands have been 
found to agiee with some absoiplion bands of chlorine, observed 
by him far the fust lime, at very high temperatuie and reduced 
ptessuie.' 

ihe absorption bands given in table II must then be allril>ulcd 
t«» the halogen molecule which is formed due to partial dissociation 
of ( ot'lj v.ipi)ur at high temperature. Similar absorption bands 
hjive also been observed by the ;uilhor with CrCl-, vapour at very 
high temperatures (1400’(.). Saha and Deb' have also recorded 
a number of bands in the ab5orptit>n spectra of C’rCI-i vapour in 
the blue and violet legion, which they have ascribed to spin- transition 
in the Cr'“ ion due to light absorption by the CrCIt molecule. 
Ihe bands given in I able II however agree in position with the 
bands recorded by Saha and Dob and from the evidence pul 
forward, it seems probable that these bands arc due to light absorp- 
tion by chlf»rine molecules having an excjled ground state. I'hr 
sharp lines in the led region arc however characteristic of CoCla 
and must be attributed to some transition in the Co'* ion. 

I uilher investigations are proceeding and the details will be 
published elsewhere. 

Paht Laboratory of Physics, 

92. Upper Circular Road, 

(Calcutta. 

17-2-38. 

S. Dalla. 

* To be published shortly. 

•Saha and Deb. But, /tnul, Sd., U.P. /. I. 1931-32. 


A N»*w Method for the Preparation of PlaMtioK 
from Fi.xed Glyeerides 

Oils have been converted into products resembling lubricating 
greasts. waxes and resins. By a furtlier modification of the process, 
the same materials have |•l.''^'n ir.insformed into a powder with 
lheimo-pl,astic anti thermo-hardening properties. The conversion of 
lixed glycerides of this type into the products enumerated above, is an 
entirely new ob-servation wliich has been made for the first time 
in these laboratories. Ihe process depends upon three factors: — 
(I) presence of catalysis. (2) definite temperature, and (3) definite 
pressure. The nature of the final product— soft, hard and resinous, 
IS determined by a variation in these three factors. The possibilities 
of this process from .an industrial standpoint are very great, as our 
country is extremely lich in oils of all types and is at present 
lime entirely dependent upon foreign supplies for the synthetic 
plastics, resins and lubricating greases of a supeiior quality. All 
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the ingredients are found in abundant quantities in India and no 
imported raw material is necessary for the process. 

Department of Applied Chemistry, M. Goswami. 

Calcutta University. 

3-2-38. 

DeNtriictioii of various Toxin.«i by DIgeNtloii 
with Proteolytic Enzymes 

In the course of an investigation on the digestibility of toxins 
like those of diphtheria, tetanus and staphylo-coccus by different 
proteases it has been observed that while one M. L. D. of diphtheria 
toxin and two units (dermo- necrotic doses) of staphylo-coccus toxin 
are digested by 10 mg. of trypsin between pH 7 — 9 at 40‘‘C 
within 45 minutes, one M. 1.. D. of tetanus toxin is, however, not 
destroyed under similar conditions. Even when the amount of 
enzyme used was increased to three or four times that used in 
the rase of diphtheria or staphylo-coccus toxin the tetanus toxin 
was not destroyed. This seems to indicate that the proteins of 
tetanus toxin are somewhat different from those of diphtheria and 
staphylo-coccus toxins. When, however, the tetanus toxin is first 
digested with papain at a pH-4.6 for 45 minutes at 40‘‘C and 
then digested with trypsin at 40‘’C for 45 minutes its toxicity is 
destroyed. Further work is in progress. 

The Bengal Immunity Narendra Nath Ray. 

Research Laboratory, 

Barnagore. 

8-2-38. 

The Ozonoophere and the Early Mornings Increa«»e of the 
E-Layer Ionization of the Ionosphere 

Since the ultra violet radiation of the sun is mainly responsible 
for the maintenance of ionization in the upper atmosphere it is to 
be expected that the hours of sunrise in the E- and F-regions of the 
Ionosphere would show close correspondence with the hours of early 
morning increase of ionization — if any — in these regions. Observa- 
tions in this connection were started here last July by Mr. S. P. 
Ghosh at my suggestion. A preliminary note on the significance of 
certain interesting results with regard to the E-region is 
given here. The F-layer increase phenomenon is complicated by 
several extraneous factors and a longer series of observations is 
needed for their proper interpretation. 

The observational data are plotted in the Fig. The zero horizon- 
tal line represents the hour of sunrise in the E- region by the sun's 
rays grazing a surface 35 Km. above the surface of the earth. This 
line is also used as the line of reference. The dots represent the 
hours at which the ionization of the E-region begins to increase in 
the early morning; the circles represent the hours of sunrise in 
this region by the sun's rays grazing the surface of the earth. 
(The erratic variation of this latter is due to the irregular day- 
to-day variation of the E-layer height at the time of observation). 
It will be seen that the hours of increase (the dots) are grouped 
on either side of the zero horizontal line, i.c., the time of increase 
of ionization in the E-layer agrees in average with the time of 
sunrise in the same region by the sun’s rays passing 35 Km. above 


the surface of the earth. The sunrise grazing the surface of the 
earth (the circles) occurs on the average 10 minutes before the 
E-layer ionization begins to increase. The explanation of this 

becomes obvious if we remember that the top of the Ozonosphere 
is at a height of about 35 Km. and that the solar radiation, in order 
to produce the ionization, must pass above the Ozonosphere so 
us not to have its shorter wave-lengths absorbed by Ozone. 

The dispersion of the dots about the zero line is due to the 

irregular daily variation of the height and the content of the 

Ozone layer. In fact, the variation of the hour of the morning 
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increase of the E-ionization may be used as an index of the varia- 
tion of the Ozone in the upper atmosphere. Unfortunately no 
data arc available of the upper air Ozone content in India and 
so. it has not been possible to study quantitatively the correlation 
between the two. 

There are, however, certain other points regarding the early 
morning increase of the E-ionizntion, the explanation of which 
is not quite as obvious as that given above for the increase orcurring 
10 minutes after the sunrise. 

It is to be noted that the sun’s rays, in order to reach the point 
of the E-Iayer under observation, had already had to pass through 
the E-layer at another point above the surface of the earth 
separated by a distance of an arc of about I6u degrees. ’Fhe 
sun's rays after ionizing this remoter region of the E-layer had 
penetrated into denser region of the atmosphere down to a level 
of 33 Km. and then passed through a region of decreasing density 
to finally emerge at the point of the E-layer under observation and 
increase the ionization there. 

The fact that the solar rays when passing obliquely through 
the atmosphere is able to cause increase of ionization only at a 
certain definite height of the atmosphere (the E-loyer height) at 
two different places shows that the atmospheric constituents at such 
heights must possess certain characteristic properties which are not 
possessed oy the constituents at the lower levels and which make 
them easily amenable to ionization. Now spectroscopic study of 
absorption by Oz shows that the only wavelengths in the ultra-violet 
longer than 121)0 \ which can survive absorption after passage 
through the length of the oblique path under consideration (0.52 Km. 
of O* and 1.95 Km. of Na at N.T.P.)^ arc those in the region 
of 2000 A* 'The ionizing wavelengths for photo-ionization of Oa 
and Na being 747.8 and 660.9 A respectively,* the wavelengths 
near 2000 A are not capable of ionizing normal Na or O-a. Ihese 
wavelengths may, however, cause ionization if Na and Oa are already 
in the excited states. Now, the existence of excited Na molecules 
in the upper atmosphere in the B-, and C-states (6.2, 7.3 and 
10.9 volt) is established by the observation on the light of the 
night sky." Transitions from these to lower levels give Vegard- 
Kaplan ^ — ?>A, positive and the second 
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positive Ij bands/'^ It is highly probable ihat the fourth 

positive band system J) // is also emitted by the night sky but. 

as its wavelengths lie in the ultraviolet, it is cut off by the Oione 
layer and is not observable. f he D-state of Nj corresponds to 12.8 
volt and the absorption of radiation of wavelengths near 200() \ 
by such excited molecules will produce ionization. Similar con- 
siderations applied to excited O 2 molecules — which are undoubtedly 
present in the £-region, but radiations from which, lieing in the 
ultraviolet, cannot unfortunately be observed- show that such 
excited O,. molecules can also be ionized by the aL>sorption ol 
radiation near 2(XX) A- 

Wavelengths below I2(X) A which can directly photo- ionize 
normal Nj and O 2 (6f)0.9 A and 747.8 a) are, of course, also 
present in the solar radiation. Such radiations, however, when 
passing obliquely through the atmosphere cannot Im* expected to 
produce ionization at two different places at the same height 
(region of same atmospheric density). It is well known that solar 
radiation entering into regions of increasing density in the earth s 
atmosphere cun produce maximum of ionization one for each con- 
stituent gas of the atmosphere only at one particular level of a 
d'-iinite density depending upon the loni/ation potential of the consti- 
tuent gas. The ionizing wavelengths are completely absorbed near 
this level and the rays penetrating into denser regions cannot pro- 
duce a fresh layer of maximum ionization.'* If the optimum density 
for maximum ionization is greater than that obtaining at the lowest 
level reached hy the lays Km. in the prc'sent case when the rays 
are passing obliquely), then the rays cannot produce such a layer 
c ither before or after they have crossed this level. 

rhe above view of photo- ionization of excited molecules also 
explains the rnc'chanism of the auroral flash in the light of fhe 
night sky observed by Sliplier when the " last and the first trac es 
of the sunlight touch the high atmosphere Sliplier’s observations 
were presumably made when the upper atmosphere was illuminated 
by the sun’s rays passing upwards obliquely from tfie bottom. 
Under such condition, as shown above, the oblicpie rays are deprived 
of the ionizing wavi lengths less than 1200 A i'^d the flash must Im* 
due to the photo-ionization of the excited molecules by wavelengths 
near 20(K) A. 

Wireless Laboratory. K. Mifra. 

University College of Science. 

^^2, Upper (Circular Rciad, 

Calcutta. 

14-2-58. 

' iVlitra and Kakshit, Paper No. 4L Math arul Ph\}s. Section. 
Indian Science Congress, 1938. 

''Saha. Froc. Nat. Iriitt. Sc. Imh, I, 226, 1935. Saha, I'mc. 
Rov. Soc. A., m 153, 1937. 

■' Dejardin, Rev. Mod. 8, I, 1938. 

“ Pannekoek, Proc. Amst. Acad., 29, 1165, 1926. 

‘ Chapman, Proc. Ph^:^. Soc., 43, 26 and 483. 1931. 

‘Slipher, Mon. Not. Rap. Ast. Soc., 93, 663, 1933. 

Measurement ot the true Heig^ht of the F-Laycr 

It is well known that the equivalent heights of the ionospheric 
layers as obtained by the ■ Breit and Tuve s group retardation 


method are greater than their true heights. The difference between 
the two is small when the gradient of ionization is sharp, but it 
may be considerable when the gradient is low. It is of great 
importance to be able to make an c'stimate of the tiue height from 
observations on the apparent height. A method of approximately 
doing this has recently been descrilK‘cl by Murray and Hoag.' In 
the present note the results of the measurement, carried out after 
the above authors, on the true height of the 1-layer at Calcutta 
(Lat. 22"' 52' 48" N. Lung. 88’ 21' 24" L) in the early hours 
of an autumn morning in 1957 are described. 

I'he difference Irelwc'cn the true and the c>quivalenl heights is 
due to the wave travelling through the loni/rd regions with reduced 


500, 



FHEQUENOf (Me./Sec^ 


group velucity lor ctun euicme cd calrulation these regions may 
be giciuprd as iol|f»ws: (a) 1 he region of maximum ionization of 
the L-l.cyer, (b) the rc-gion between the top of (a) and the P-layer, 
wlith m.iy pos.siblv bt» iotii/ed and (c) the K- region and the part 
of the l•.-^♦gu»n immediately below the region of maximum ioniza- 
tion. In our ( alculalicjns it h.cs been .issunied that the region 
between lie* b. and the 1‘ layers region (b)- is dc'void of 
ionization. 1 his is iustifieci because our observations were made 
m the e.ulv ini*ininj; when, on account of the absi^nce cjf the 
ionizing i.idiations thioughout the' dark hours of the night, any 
ionization in this part is likely to disappear by the rapid recombina- 
tion of the ions .md the eb elions. 1 he thickness of this region has 
been taken .is 50 Km. I he- 1 imiribulions to the virtual height of 
the b -region due to the legions (a) and (c) arc calculated after 
Miirr.iy and I long’ with the help of the P' •/ curves of the L- and 
the b -regions (curves .-\' .ind A in the (igure). Curve 13 giving 
the artu.cl heights reached by the wave's is obtained from these. 
It will be seen that the tiue height is on an average about 80 Km. 
less than the virtual height. Similar ralculations have also been 
made for other nights. Results with fiiilc'r details will lie published 
in .1 Mibseqiirnt paper. 

Wireless Labor iilory, S. P. Ghosh. 

University t. ollege of Science, 

92, Upper Circular Road, 

(ale iilta. 

8 - 2 - < 8 . 

'.Murray ;.nd Hoeg. Phps. ReV.. 'il. 333. 1937. 

Ibid- p. 779. 
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Vitamin C In the Juice of the ripe Palmyra Fruit 

The use of the juice of the ripe palmyra fruit (Bengali Tal) is 
very common in our rural areas. Concentrated with milk and 
molasses, the juice forms a nice delicacy. It is of interest to find 
out the vitamin C content of this stuff, i'he amount of invert 
sugars as well as the total sugar content of the juice has also been 
determined. Incidentally the vitamin C J.nd sugar contents of the 
seed-vessel or follicle of the germinated palmyra-stone have been 
estimated. The vitamin C content in the latter case has been 
found to be greater than that found in the follicle of the cocoanut.' 
The ascorbic acid has lieen estimated by the well-known titration 
method of Harris and Ray'‘‘ as modified by Ghosh and Guha* 
and Guha and Ghosh.* The usual method of reduction of the 
alkaline copper sulphate has been employed in the estimation of 
sugar. 

The outer coarse covering of the ripe palmyra fruit is peeled 
off . and the pulp is pressed to yield the thick syrupy yellow 
coloured juice. lOG. of the juice are weighed out in a mortar 
to which 2.3 c.c. of trichlor acetic acid solution (20%) are added. 
The whole is then tritrated with a few c.c.' of distilled water 
and centrifuged. The centrifugate is made up to 100 c.c. and 
titrated against 2:6-dichiorO'phenol-indophenoi. To find out the 
effect of heat, a portion of the juice was maintained at its boiling 
point for half an hour, cooled and the ascorbic acid was determined 
in the usual manner. The follicle was also similarly treated. 
The invert sugar present in the juice was estimated directly by 
means of the Benedict’s solution and the total sugar was found 
out by hydrolysing the juice with HsSOi and then estimating 
sugar in the usual way. Dry weights of each of the samples 
were carefully determined and the ascorbic acid in mg. per g. 
of the dry weight was calculated. The sugar content is also 
given in the dry weight basis. 



Ascorbic * 

Ascorbic 

% of 

Vr of 


acid in 

acid in ' 

limple 

total 


mg. per 

I g- 

mg. per 

1 g- 

(boiling for 1 

sugar. 

hour.) 

sugar. 

Palmyra fruit Lot I 

1.745 

1.163 

2.04 

5.18 

Do. (Black 

variety) Lot II 

0.639 

0.254 

2.29 

4.69 

Average 

1.192 

0.708 

2.16 

4.93 

Palmyra fruit (Red 

variety) Lot 1 

1.844 

1.441 

2.57 

4.21 

Do. ..II .. 

1.314 

0.952 

2.38 

5.00 

Average 

1.579 

1.1% 

2.48 

4.60 

Follicle of the ger- 
minated Palm stone 

1 .ot 1 . . 

0.130 


1.95 

19.50 

Do. ..II .. 

0.217 


2.41 

17.50 

Average 

0.173 


2.18 

18.50 


It is evident from the table that the red variety contains more 
ascorbic acid and more simple sugars than the black variety. As 
the follicle is always eaten raw, the action of heat on the stuff 
has not been observed. The total sugar content of the follirlr 
offers a very interesting point. 

We acknowledge our grateful thanks to the authorities of the 
firm. 

Biochemical Laboratory. H. G. Biswas. 

Bengal Chemical & Pharmaceutical Works f.td. K. L. Das. 
Calcutta. 

27-1-38. 

' Biswas and Ghosh. Science ami Culture, I, 516, 1933. 
•Harris and Ray, Biochem. }., 27, 303, 1933. 

^ Ghosh and Guha, /. Indian C/iem. Sue., 12, 30, 1933. 

*Guha and Ghosh. Current Sci., 2, 390, 1933. 
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Silver Jubilee Session and Future of the 
Indian Science Congress Association 


The tweiityfittli or the Si Ivor Sossioti of 

llio Indian Soionco Congress Assoi-iatioii was <*olo- 
bralod at Calcutta from damiary drd to 9lli, 1938, 
as a joint iiiootin*'- of tlio Indian oi’j*ani/.alion rmd 
tho Hritisli Assoi-iation for tlio Advancoiiiont of 
Soionoo. This session was a j»roat sueooss in 
ov(*ry way, and will stand out as a lainhuark in 
tho history of the Association. 

A brilliant j^alaxy of liistin^aiishod visitors 
from overseas, consist inji' of a representative 
contingent of the P>ritish Association and scientists 
from vai*ious Kui'opean countries and .America, 
took [larl in the deliberations of the various sec- 
tions and heljied to make the Jubilee Session the 
most important meeting- in the history of the 
Association. 

In other res])ects also the session was remark- 
able. The membership of the (Vmjiress rose to 
its hinhesl peak some loOO full membei’s were 
cnrolleil in ailditioii to several humlreds of 
sessional student members. The number of 
scientific papers contributed to different sections 
was the largest of any previous session : 875 papers 
are included in Part II (Abstracts) of the Proceet/- 
ings of the session, which has already been issued; 
22 discussions were organized in various sections 
in addition to JO joint discussions in which mem- 
l)ers of more than one section took part. 


To commemorat(‘ the Jubilei* Session, special 
imhlii ations dealing;' with the history of the 
Indian Sciem*e (Nnmress .\sso( iat ion, ancient 
India’s contributions to Scienci*, Pield Sciences 
of India and the Progress of Science in 
India diirin*'' the past twentyfive years were 
arrany:e<l for publii-ation by the Hxecutive (’om- 
mittee of the Association. An attractive volume 
dealing’ with the Pield Scienci's of India was issued 
in Novembm* 1937, and a (h'tailed ri'view of the 
progress in various sciences durin«»‘ the past 25 
years is, we arc* informed, almost i*eady, while the 
other two will be publisheil at a later date. 

In addition to some general lectures, 8 popular 
eveninj*: lectures were delivered, all of them by 
oulslandiii”' authoi-ities, on hij'hly interestinjr 
scientific subjects. The very Iarf»e attemlances at 
these lectures aiiijily testified to the interest 
shown in scientilic matters not only by the dele- 
gates attending tin* Indian Science (Nmgres.s, but 
also by the general public. 

The great success of the Jubilee Session is 
to be attributeil to the efforts of the (leneral 
Secretaries, Prof. J. N. Mukherjee and Mr \V. 1). 
West, who had to bear the very heavy harden of 
organizing the session. Tin* parent body of the (Nm- 
gress, the Hoyal Asiatic. Sociidy of IJengal, also 
remlered valuable services in this connection. The 
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firranyeinont of the proyrniiiines for the tourH of 
the overseas visitors io (liffen‘iit parts of Inilia in- 
volved a ;ire.-it deal of work, and the fonjiress 
is indebted for ^reat h<*lp in tliis respeet to the 
(loverniueiit of India, the (Jovernnient of Henj^al, 
the autln)rilies of t[i(‘ Hy<le?*al)ad and lilysore 
States, atnl of tin* riiiversities of ITyilerabad. 
Benares, and Calentta. The sueeess of the 
arrangements for the session was due in no small 
measui’e to tin' Boeal Committee uinler the ])resi- 
deney of Mr Syamaprasad Mookerjee, the 
Viee-dianeellor of the Calentta Cniversity, and 
the two S(‘eretari(‘s, Brinei])al B. M. Sen ainl l*rof. 
S. K. Mitra; t(» all of tliem the Assoeiation and 
tin* Indian seiefitists owe a del)! of »ratiliide. 

The session was opened i)y the Patron of the 
Indian Seienee Congress Assoeiation, His Exeel- 
leney the \’ieeroy. In a memorable speeeh His 
Exeelleiiey remarked that the hnlian Seienee 
(V)nyress, founded in 1914 with a view to 
eneourajre seientitie. researeh and publish tin* 
results aehieved, to provide opportunities for 
personal intereourse and seientitie eompani(»nship. 
and to promote ])ublie int<*rest in seienee, bad 
ma^nifieently fulfilled all these aims, and as a 
result seientitie work in India earri(‘d out during: 
the past twe/ityfive years has gained internati(nial 
recognition. His Kxeelleney stressed the rela- 
tionships of science to social uplift and of its 
opportunities for service in the cause of the ail- 
vancement of the country. The Jiiain financial 
burd(*n for scientific researeh in the country. 
His Excellency pointed out, rests at ]>resent on 
the Government, either dire<‘lly or indirectly, and 
more j^enerous public support is urj^eiitly needed 
to supplement the work of the Central and Pro- 
vincial (iovernments in this eonnoetic)n. 

Sir James Jeans, who had ))een ele<*ted as the 
Presi<lent of the joint session after the sudden 
death of Lord Rutherford of Nelson, read a short 
inaujrural addi’css followed by excerpts from the 
very insj)i?*iFjj»' a«hlress which the late Jjord 
Rutherford had pr<‘pared for the occasion (KiWc 
Science and Culiure, 3, pp. Jr)H-74). In his address 
Lord Rutherford, in addition to dealing: with 
earlier research work carrie<l out by varioiis 
olhcial scientific services and other aj»:encies, briefly 


referred to the important contributions made by 
rndiau workers since the Indian Science Coni^ress 
was founded and the very important part^played 
by Indian universities in encouraffinj? and foster- 
inji: scientific research. He also stressed the im- 
portance of impriivin^- the available orf>anizations 
in the Indian universities, as they Avill hereafter 
have to |)jay a more and more important part in 
provi<lir)f»' the necessary staffs for teachinf»‘, for 
]K‘rsonnel of the scientific departments and services, 
arnl for industrial re.search in the country. Such 
])eople, who will also have to be the Iea<lers of 
research in the country in future, are, acconlinj' 
to Lord Rutherford, “ rare, but are essential for 
the success of any res(‘arch orf^anization. IViih 
inefficlenl leadership it is as fatally easy to iras/c money 
in applied research as in other branches of human acti- 
vity'* He, therefore, advocated a system of f^rants- 
in-aid or scholarshi])s to approved stiulcjits for 
post graduate training**, and also urj»ed the neces- 
sity of co-ordinalinj»: aj»:encies in coiiFiectioji wiih 
research. Referring lo tin* pai-t played by siu'li 
auencies, he conclude<l that:— 

“/w Great. Britain ^ the renpnyiaihility for plan ninij 
the programmeti of re.searr.hf oven when the cof<l Is home 
directly by the Gtn'ernme.nt, rests with research coujicaIs 
or committees who are hot themselves State servants but 
distinguished representatives of pure, science and indus- 
try. It is lo 1)0 liopod tli.Tt if foiy oonip.ir.'iblo or^.iiii/iiliMn 
is dcvciopeil in iIkto will be ;i projXM- representMlion 

of scioiitifjr men from the nniversitirs .'iinl rorrespomliii}; 
institutions and iils«> of the industries «liu*etlv eomenu'd 
It is of the hij^hest im})orlance that the fletaiU'd ])lannin_:,; <«1 
re.'^eareh should he left entirely in the hamlh of those whe 
have the recpilsite specialized knowliMlj^e of the ])rol)U‘iii.-; 
which recjuire attack. In the Hritish orj»ani7.ations there 
no political atmosphere, but of course the ri'spoiisibility f(»r 
allocalinj' the necessary funds ultimately rests with the 
(h)\vrninenl.” 

Tliere can be no (piestion about the very 
valuable st'rvices rendered by the Indian Science 
Coimress Association duriiif,^ the past twentyfivc 
years to the cause of science hi India. As was 
however, hinterl in our editorial for the month t)f 
December J9J7, the time has come for devisin?*’ 
ways and means for makinj;^ the Association play 
its proper role of usefulness in the cause ol 
seieiitific advaneeinent of the eountry. 

The Association has, as is well knowui, no 
permanent abode of its own and during* fiftyonc 
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weeks gf eseh year its existence (le])en(ls on tlie 
co\irt.esy and senenms help of the Royal Asiali*- 
Society of r>enj»al. This arranyenient, though it 
has proved satisfactory in the lyist, is not to tlic 
best interest of either of the two institutions, and, 
in our opinion, th(‘ time has c<Miie when the Science 
Conj>ress Association in its own interest as also 
of its parent body, the Royal Asiatic Society of 
lU'iiftal, should have a permanent office ami a 
stafl* of its own. Witli the present arranuement 
a jyreal deal of the work of the ('onj»ress, vvlien 
not in session, cannot, be carried out satisfactorily, 
wliile the absence of a permanent staff of its own 
involves a o-reat deal of extra work for the 
H(Uiorary Secretaries. Schemes ai‘e. we under- 
stand, already umler consideration for havin**- a 
|)ermane?it staff’ ami headquarters of the Associa 
tion. We shall, we hope, not be guilty of divulj!: 
inj*' a]jy secrets in remarkin»‘ at this staj^e that 
p?'obably the j«r<‘aler ])art of the savings of the 
Science (V)iu»ress Associatiofi <lui‘in} 4 ‘ the last 
twentyliv(‘ year’s has Irecn used u]» towards the 
celebi’jrtion of the dulrilee Session, and it is, there- 
fore, imperative that this vei-y essential side of 
the (Vinirress organization should be consiriei’cd 
alono' with such pi’oposals. In oiii’ opirrion the 
emlowimmt of the Association by some public 
spirited rich citizerrs of India aloiu' would satis- 
factorily solve the problems involved, and we 
sin»^est that an urgent appeal to this eflVcl sinuild 
l)e launched before the country at as early a date 
as j)ossil)le. 

In reiiar<l to tin* ('on»i’ess itself reference may 
bi‘ iqade to the tissipjrrous tendencies, pi’ovincial 
ism, etc., which within recent year’s have become 
more ami rrror’c ])i’onounced in certain dir’cctions. 
In the int(‘i*est of botlr the Association ami scienti- 
fic research in the country we would stron»»Iy 
urji'c that such tendencies sinmid be quaslusl 
immediately and that tlie work of this Associa- 
tion sliould, as liitherto, be (‘arried on in the 
interest of the country as a whole and not of any 
pr’ovinee or particular* section. Further, the As.so- 
ciation has, in our opinion, beemne much too 
unwieldly for efficient management. The number of 
its sections is unfortunately multiirlyirm’ at too 
rapid a rate without any eori’espondini*- advan- 


taires. In 11114 the Sciencr* Forijii’ess stai’ted with 
(J sections, and in the Jubilee Sessiotr lliei’e were 
no less than IJ seetions, tlmu^h a number of im- 
por-tant subjeets sueli as Fdiieatioii, Kniiitiecu’irr*'* 
ele. were not i’(‘j)r’esented. .Monj^ witli this, the 
nnmher of papers eommnriieated to (‘ac’li seetiori 
is inereasin^: at a vei’y ra])id rale, and this, as 
was iM*marke<l in our* editorial for Deeemher IhJT, 
is very unfor’liinale, as tlnrin^- 1h(‘ thi’er* or four 
aetive workin;i»- days <)f eaeh sessit)n it is impossihle 
to read ami di.seiiss anythiim- im)i’e than a very 
small ^rereentajie of the paper’s <‘ommrrnieated. 

If this temleiiey is rrot (*url)ed at any (‘arly date, 
and I hr* nundrer of irapei’s not r*edtieed very 
materially, the inciilms of this lu^av.y hurdeii may, 
we ar’e afraid, eirtmlf the main fiinetions of the 
Assoeiatimi, and moi’e and morr* cii’r'umserihe its 
sphei’e (d“ usefulm‘ss. We would ther’efoi’e. strong- 
ly urjir* the adoption of some system hy wliieh the 
nrrmher’ of paper’s eoirld he limited to not nrore 
than ahoiit J0-4t) in each s(‘ction. This would 
cnahh* the pajrers to be* r(*ad and diseussed 
tbor(»ri»:lily and afford dclej.l'a1cs attemlinj;;' the 
sr‘ssions from diffcr’C'iit part of the country more 
opportunities fur takinu’ imrt in the discussions, 
while, for snhji’cts of orrts1andinj»‘ imirorlarree in 
rcfei’eiiee to various seieirr'i'S and their utility 
to the (*ouiil ry, discussions ami symposia could he 
ai’i’an^erl. 

We are also of the opinion that the pi’es<‘ii1 
administrative iiiacliiiiery of tin* seeliotis has not 
luM*!! properly designed, and as a result it is un- 
able to ])ci’form the indefinite functions assi»*:ired 
to it ill an eflicimit nianm*!*. We have yet to 
rrmlcr-stand the exact functions of the I’ecordci’s 
<if sccrh)us, ami, beiuj; similarly doubtful about 
the functions of the S(‘ctional committees, would 
vci’y strongly nr^c the necessity for <>vcrhaulin^’ 
the entire macliiiici’y in this ccjuncctimi. Atten- 
tion may also be invileil to the somewhat unsatis- 
factory ar’ranyeim'Uts that r‘xist at iwescnt in 
rejiai’d tu the nominal imi ami sr'lection of the 
pr*esiden1s of varimis sections. In conclusion, 
thcrcfoi’r*, we would su< 4 -^'est that a I’eviewin*; 
eomniittee should consider various details such as 
those mentioned in the above ])araj»raph at an 
early datr* ami evolve some selreme for a more effr- 
cifirt wor’klu;i’ of the Indian Science Fou«ress 
Association. 
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Explorations in the Gobi Desert 

Frederick K. Morriis 

ProfcHHor of Structural GeuluKy, Massachui^utta Institute of Technology, Cambridge, Masa., C.S.A, 


The (lohi Dpsort nffured ;i speci;il flialloiijio 1o 
the seienlifie exjilorei*. It templed him, for ifi all 
tlie world it was tlie largest land ar(*a aliont 
whieli so little was known. It defied him, heeause 
its distanees are so vast, and travel is so dilTieidt 
that the short summer passes liefore the exjilorer 
ean ])eneti*ate far or finish his stmlies; and then 
the lonj*- winter brings frozen jiround that jire- 
vents eolleetion td! vertebrate fossils, ami snow 
that hides the r<K*ks IVom the {ieolotrist. 

Hoy Chapman Andrews eom-eived the answer 
to this ehallenj'e. He sent out a earn van id* 
eamels in early Mareh, earryin^- food Tor men 
and for motor ears. A month later, we scientists 
with a small lleet of ears travelled iido the desert, 
sludyiiij*' the land and eolleelini'' spei'imens. I>y 
the lime our sup])lies ran low, we overtook the 
<*aravafi and reloaded the i-ars with jiasolirie, oil 
and looil, j*ivin^‘ the eamels uiir speeimeiis to 
carry. Then the ears moved on, Iravi'i’sin*': in an 
hour as mueh distance as the i^amels eouhl march 
through in a day. When we found an area that 
reiiuired more detaileil study, we made a eaiii]) 
and the motor experts overhauled the ears while 
the seienlisis worked the r(*j^’ion— on foot or with 
hireil eamels ami horses. Hater tlie caravan over- 
took us and ajiain ‘•ave ns food for motors and 
men, while we stowed our specimens in the boxes 
which had helil ‘•asoline. 'Phe eamels most 
obIi‘.>in«>ly shed tlieir thick wool in the summer, 
and we used it as packing' for the specimens. 
Tims we could travel swiftly, work hard, ami 
brin<>' out our speeimens duriiiii* the brief summer 
season when seientifie work was possible. 

Not all seiences were represented, and we 
rojiTet especially’ the absence of ornitholojjy and 
entoniolofjy. Dr Andrews was the maniinalo^ist, 
and he had three skilled taxidermists to prepare 
the skins ami skeletons which he eolleeted. He 


camped in the Altai Ranges to hunt the f^reat- 
liorned sheep and ibex, stalking lliem on foot for 
days to jict a shot at these rare, wild citizens of 
the mountain-laml. On the vast open jdains lie 
chased the fleet antelopes and wild asses in a 
motor-ear at forty miles an hour. He trapped 
the smaller creatures, so that every mammal in 
Moni»:olia was represented in his collections; and 
every skin was perfectly prepared ami cataloj^iieil. 

Dr. flranjicr, the Palaeontoloj»ist, with four 
assistants, eolleeted the vertehrate fossils whieli 
wer(‘ huried in the sedimi'iitary rocks. Many 
people h(*lieve that we found creatures of ureat 
antiquity even to the earliest of vertebrates; 1ml 
this is not true. Our vertebrate fossil record be- 
jfau with the lowest (h*etaeeoiis. Dinosaurs ami 
oth(*r vertebrates are found a)>undantly in olhei’ 
rejiions from mmdi older formations than these. 
Popnlar beliid' also held that we had diseov(‘i*(Ml 
the source from which many races of dinosaurs 



; Small iJinosaurs. 

and luaiuinals evolved and migrated radially to all 
the world. This would have been very int(‘rest 
inj(; but w'hat we actually found was even more 
interesting. 
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Tlu* fainiii was ffiiuploxly mado up. Tlio dino- 
saurs of the Lower Crotacoous were like 1 hose of llie 
durassie of Kurop(‘, and so w(*re some of I he fossil 
plants- -suyj»estin»- that ^he (lohi was isolated 
during- these pei-iods and did not ree(‘ive imniijira- 
tions from the outer world. A j^reat ehanue 
oeeurred <lui‘iiu;- th(‘ transition fi’om Lower to 
Lpper (.'retaeeous, for in tlie latter we found not 
one of tlie earlier reptiles. All of the “iant 
sanropod reptiles died out, and tlnrinj; the l i)])er 
(h-etae(‘ous tiiiu* the (lohi was populated hy rather 
small dinosaurs, elos(‘ly relateil to thos(‘ of 
Ameriea! Indeed om* Hesh eatlnj.* dinosaur is 
so like his Canadian (‘ousins that Dr tiillHU't 
would have ealled him hy the same name if we 
liad found him in Ameriea. Ami the Proloccraiops 
that laid nmst of the e?i{is which we ftmml, helon»s 
to an American family. There must have been 
easy communication between the two continents 
durinji' I’pjier Cretaceous time: and iierhaps the 
connection was fartluu* south than Ih'liriny Strait, 
as no dinosaurs are known in either continent 
within a thousand miles (d‘ Hehrinjj\s latitude. 
Th(‘ topo| 4 i'apliy of the Caciti<‘ Ocean is .so yonnir 
that the present lands and seas uive us no reliable 
clue to the ('Onfi;iuration durinji' Cretaceous time. 



Kirjrs of Protoceratops. 


The A({e of Mamiuals is riehly represented in 
the Gobi Desert, and we took thousands of 


mammal-bones from many Tertiary beds, Here, 
too, our discoveries Nven* sur])risin''‘, even to our 
.selves. One of the most intei’estin**' experiences 
was finding: the hi<ihest Cndaceous in direct 
contact with the Paleocene. This meant that in a 
sinji'le locality we could study the latest dinosaur 
beds and the earliest mammal beds together, one 
restinjr upon the other. Here we ho])ed that the 
frreat j»ap betw'een the Ale.so/.oic ami Cenozoic eras 
woubi be bridged : and that wv could tind a transi- 
tion from the Aj»e of K(‘ptiles to the .X^e of 
Mammals; there mijuht havi‘ been a min»linj»- of 
the two faunae; then* mii.'hl have been primitive 
mammals in the one wliose descendants appeared 
more lii^hly advanced in the other. We hoped 
to shed some liyht upon the unknown cause of 
the extimdion of all dino.saur.s- an un.solved pro- 
blem of biology and yeobmy. 

Hut here, as every w'here else on this planet, we 
found the lossil records wholly separate and 
distinct. In the (h‘elaceous rocks the dinosaurs 
wen* abundant to the v(‘ry ti)p; but not one 
.survived into the Haleocem*. The Cretaceous did 
indeed yield primitive mammals —but they w'ere 
wholly difIVrent from the stranjic aberrant 
mammals of the Hab‘occ‘ne. Imh‘«‘d the latter were 
more nearly related to fossil mammals of South 
America than to those of the (h*(*tacet>us beds just 
beneath them. \(»l a sinj»b‘ creature was found 
common to the two rock-formations; and the rocks 
tln‘msclves .showe«l a profoundly different coni- 
])osition, althouj»h both were inland sediments. We, 
must conclude that there is a lost period- recorded 
only by disturbance ami (‘rosion— between the 
Ajie of K(*ptiles and the Ajie of Mammals. 

The mammal record held many suri)rises. \\'e 
hail ex])ected to discover the five-to(*<l ancestors 
of the horse; for in America the earliest of the 
ln)rs(*-t ribe ha»l already lost om* toe. And since 
Asia wms the home of the dome.stic horse, we 
hoped that w'c would tind horses or their ancestors 
in all tin* formations of the Aye of Mammals. Hut 
exactly the reverse was true; for wx* found no 
horses older than the Hipparion of Pliocene time. 
The horse must have emigrated to Asia after evolv- 
iny in America. He must have travelled to meet 
his Asiatic comrade, Man, almost at the time wdien 
Man had evolved s<i hiyhly that he could beyin 
to use the horse. J yrant that the word “ almost ** 
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is ))it fifturntive, for there* Is no evidonee that 
Man (loinesticated Hipparion, which was almost as 
frond a horse as Equus. Hiil the i)roof of the 
separate evolution and dramatic meeting of these 
two comrades, Man and Horse, was one of the un- 
expected results of onr studies. 

Another .surpri.se was the lii.seovery of titaiio- 
theres in Asia. Our Museum’s IVesidont, Henry 
Fairfield O.shorn, had just finished his f»reat mom)- 
frraph on the.se huf»e-horne<l beasts of the Western 
Hemisphere, when Dr Oraiifrer found titanotheres 
in the Oobi J)esert - the only part of A.sia, 1 think, 
where they are known. The most primitive titano- 
theres are fouml exclusively in America where 
their race evolved into bif», formidable brutes 
before they migrate<l to Asia. 

Many other mammals showed affinity with 
America; but many were Asiatic, or even exclusive- 
ly Oobian. We found bones of the f^iant hornle.ss 
rhinoceros, Baluchithcrium, which was known also 
from Haluchi.stan and from We.stern Siberia. Hut 
the extraordinary Embololheriunu with frreat bone 
humps-iiot horns — on their noses, are citizens 
of the (tobi, and we do not know any similar 
creatures from other ref»:ions. Perhaps their near- 
est relatives are the titanotheres. Another ex- 
clusive (lobian was the yiKantic doff-like carni- 
vore, Andremarcims, whose head was thirty inches 
loiif?'. He was bifyf'er than the larfye.st bears; and 
a tif^cr would have looked dwarfish besi<le him. 

Thus the life-recor<l of the (lobi is a complex 
tale of native Asiatic creatures evolviiif*’ into more 
advanced forms, while immif^rants from other 
lands came seekinf? a homeland within the (Join, 
or a highway to still farther countries. In this 
brief account, T have omitted the elephant-tribe, 
which, orifrinating in Africa, sent at least three 
invasions into the (lobi, in three .separate periods. 
The primates sent two invasions, one of baboons 
and one of men, during: diver.se periods, I have 
also left out the tiny mammals of the Cretaceous 
beds, because they deserve a long article. 

The Anthropologist joins hands with the 
Palaeontologist in the study of Man. In our 
first Expedition 1 brought in a few weathered stone 
implements from the Altai Ranges. In our 


second field season, Dr Granger and Mr Olsen 
collected half a dozen more in the valley north of 
the red cliffs where the <linosaur’s eggs were 
found. These discoveries justified our bringing 
Dr Nelson as Anthropologi.st for our third journey. 
He found the artifacts of a series of Stone- Age 
civilizations. The oldest culture gave him only 
simple, weathered stone tools and weapons. Hut 
each later culture was more eomidex than its 
predecessor, until we liad .stone arrow-hcad.s, points 
for .spears and darts, pottery, fire-hearths and 
bea<ls. Some of these ancient implements and 
even cultures resemble accurately certain of those 
fouml in India. The Stone-Age civilizations of the 
Gobi ]>receeded the use of metals; but traces of 
iron and bronze were found in the graves wbieli 
recorded still later civilizations. Thousands of 
artifacts were eolleefed, and arc now being studied 
at the Museum by J)r Nelson and bis colleagues. 

In that .same .season Dr Ralph (Mianey aeeom 
panied us as Palaeobotanist. The desert yielded 
very few fossil plants, and most of them are poorly 
pi'e.served. Dr (‘haney took all that he eould find, 
and made a splendid eolleetion of all iiKnlern 
plants of the Gobi region. 

Dr (Miarles P. Ih‘rkey and I made* (i.OOO miles 
of geological eros.s-seeti(>n along all of the routes 
of the Expedition, mile by mile. During H'c first 
two years we al.so made !,r)()() miles of route-majKs, 
and plane table surveys of more than 1, ()()() square 
miles. The topographie work was taken over, 
during the third .see.son, by Major L. H. Koberts 
with two skilled assistants. The ge(»logists eolleet- 
cd a great series of rocks which have been .sludied 
with the collaboration of Dr George Haiti. Our 
marine fo.ssils have been studied by the renowmsi 
Palaeoinologist, Dr A. W. Grabau, who described 
them in a great monographic volume. 

Let me close with a sketch of the geological 
.story of the Gobi. Upon a complex of ancient 
gneisse.s, the sea crept in ami laid down limestones 
and shales, and a vast thickness of graywackes and 
argillites — all of l^alaeozoic age, and chiefly of late 
Palaeozoic. After Permian time a great revolution 
folded all of these rocks, and big ma.sses of graniti' 
iuvadetl them, converting many of the shales to 
schists. Then the mountain-ranges were slowly 
worn down, probably during Triassic time, for no 
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rocks of that period arc known in the (Sobi. Diirinj^ 
Jurassic time the Clobi formed many intormontanc 
basins, when conglomerates, lavas, tuffs, shales 
and even thin, poor coals accumulated. Another 
disturbance tilted and faulted the Jurassic rocks 
of the (lobi and oC (Miina. Ajrain, the mountains 
weathered away, and the (Jobi warped f*:ently into 
a broad, shallow basin — or series of basins, where 
the thin l)e<ls of Cretaceous sediments were laid. 
Most of these are less than 200 feel thi(‘k, and none 
exceeds 2,000 feel. h\nv are conglomerates — 
almost all are clays and sands, implyinj? that the 
land was not hij?h or ru|J!:»e<l at that time. The 
early Tertiary formations are even thintier than 
the Cretaceous beds, and almost all are fine-jiirain- 
ed clays and clay-sand mixtures. AVe found many 
deposits of Ko<*ene and ( llijioeene A«e, representing 
successive divisions of each period; but Miocene 
beds are almost abseitt. The uplifted mountains 
of today are bevelled by a neai'ly perfect peiieplane 
which must have beeti complete<l diirinj; the late 
Miocene or early Pliocene; so we .jud<»ed that the 
land was beitjy eroded durinji’ xMiocene lime, and 
most of the sediments w(*re carried out of the Cobi 
region. Thus the peneplain's j«ive us the clue to 
I he reason for the searcity of Miocene deposits. 


Only tw'o formations of this aye are known thus 
far from the (lobi, but both have yielded important 
fossils. Karly Pliocene deposits are also rare, but 
duriiifr the late Pliocene time the mountains beyan 
to rise and the basins beyan to war]), and the land 
beyan to take its present sha])e. We find abuinlaut 
deposits of late Pliocene Aye, and thick, coarse 
conylomerates of the Pleistocene border the new 
mountain ranyes and si)read as thinner yravels 
far over the desert. Duriny tin* rainy epochs of 
the Pleistoeene, larye rivers carved liroad valbys 
in the Cohi; but duriny the <lry epochs, hedlands 
and undrained hollows formed and the river 
systems disinteyrated, each river strayyliny to its 
death in a snady delta or a salt lake 

The present desert is youny, for it has existed 
only since the latest rainy epoch of the Ice Aye 
yave place to the dry elimate of today- presum- 
ably between 20 and 30 thousand years. 

Thus the (lohi Desert tells its story like a 
minstrel, to those wdio will learn its lanyuaye and 
yive heed to its voice. And in this it resemldes 
all other lands, iin'ludiny India, whose sony I have 
heard now for thr(*e happy, interest iny months.* 

* Based on a lecture delivereti by the author in the Pose 
Rescurrh Institute, Calcutta. 


Ancient Paintings in Spain 


.\olwithstandiny reassurance as to the ade- 
(juacy of the measures taken to protect the 
artistic treasures of Spain, archaeoloyisis have 
been much perturbed lest the priceless Palaeo- 
lithic paintinys of the caves of northern ami 
eastern Spain, both within the zone of military 
operations, should sufl'er damaye. Professor H. 
Dberniaier of Madrid has now been informed 
by a journalist, who had himself visited the 
famous cave of Altamira, near Santander, which 
contains the pictures of the bulls, the first 
Palaeolithic paintinys to l)e discovered in Spa hi 
in 1835, that they were still uiidamayed in 


September last, altbimyh the cave had served to 
•house some hundreds of refuyees, and the house 
of the yiiide had been oecuj)ied by a niendjcr 
of the “ Ked ** staff. From other sources in- 
formation has been received that in the other 
eaves of northern Spain in which there are 
paintinys, they also arc intact. Notbiny, how- 
ever, is known of the fate of the paintinys of 
the eastern school of Spanish Stone-Aye art, 
of which some of the most important are in the 
eaves of the province of Turuel, the scene of 
recent fiyhtiiiy. 

— Discovery, February 1938 
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Ever sincp the <la\vn of civilizalion, iiinn has })een 
eiHlpavoiiriiij^ lo utilize the j^ifts of xNalure to his 
own henefit. The dejiree of eivilization attained 
])y a people dejHUids upon the rate of useful work 
turned out, in ajirieulture, industry, transporta- 
tion, and other forms of human activity. Ihit for 
the production of all kinds of work, supply of 
power is essential. In the early sta^e.s of eiviliz- 
ation, only manpower (power of muscles) was use<l. 
At a later staj?e, however, animals were domesticat- 
e<l and dmikcys, Imllocks, hut, most of all, horses 
were used for doinji' useful work. To this must 
he added slave labour. Kven in the earlie.st 
societies, attempt was made to utilize such forces 
of N'ature as were easily available, such as wiinl- 
power for the propulsion of boats and ships. 
During the Middle .Aj^es power of wind anil ])ower 
of runninj*: water were used for miirni}^: wheat, 
ruimin**: .saw-mills, etc. 

Invention of the Steam Engine 

The inverdion of the sti'am enjiine in the last 
part of the eij^hteenth (fenlury and its application 
to all kinds of industrial work pointed to another 
source of power. These were the coal deposits. 
It was realized for the first time that a tremendous 
amount of ener^'y was lying locked up in coals 
of different types, and the countries which were 
fortunate in having rich eoahmines were sure to 
lead in industrial and material progress, liesides 
coal, other sources of energy are peat (half-con- 
verted coal), wood, oil and shale. Oil became 
important only after the discovery of the internal 
combustion engine in the nineties of the last cen- 
tury by Otto and Die.sel. 


Electrical Power 

That energy liberate<l in chemical reactions 
could be convei'ted into eb'ctrical energy was 
illustrated by Volta, but the real significance of 
electrical current as a convenient tool for human 
use was realized after the discovery of the laws 
of elctromagnetic induction by Faraday in the 
year ISdl. \early fifty years passed lad'ore 
madiinery, whi(*h render(‘d prodiudion and <listri- 
bution of electricity on a large s('ale ])o.ssible, was 
perfected. The story of ])ublic electrification 
begins from the year ISSO when Sir , Joseph Swan 
produced a commercial type of incandescent lamp, 
and Edison designe<l the first generating station 
and startl'd ])iiblic lighting. 

Xow' (‘lectrii'ity is, as every college boy knows, 
])r(Mluced by the motion of tlu' armaturi' (an iron 
core wound ov(‘r with copper coils) in the magnetic, 
field of an electromagnet. The essential point is 
to obtain jaiwer for the running of the ilynamo. 
This can be obtained either by harnessing water- 
power, or by the use of a steam-engine which itself 
derives its |)ower from the burning of coal or wood, 
or by iiU oil-engine which derives its power from 
the combustion of petrol (Otto Engines) or crude 
oil (Diesel Engines). So the, ultimate source of 
power is either running maler, coal, oil, peat, or even 
rvood, and shale, or any other kind of fuel (such as 
power alcohol, or bagasse). 

The older type of steam engine used in loco- 
motion was very inefficient. In fact, barely five 
per cent of the energy derived from the burning 
of coal could be converted lo electrical energy. It 
appeared for a time that electiacity produced from 
coal had no chance of standing against electricity 
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o])tainefl from water-power in point of cheapness. 
But a revolution was l)ronj»:ht about at the close 
of the twentieth century by Parsoiis’ invent ion of 
llie Steam Turbine. Tliis rendered the ecmstruc- 
tion of larjre and economical plants for generation 
(d’ electricity out of coal possible, and electrical 
])ower could now be offered at competitive rates 
with steam-power. 

The Balance Sheet of Power for Different Countries 

The total output of work by a country or a 
j)olitical unit, (b‘pends upon the total power it can 
command or <levelop. lienee every country has to 
«iiv<» careful consideration to the proper survey of 
its power resoiii’ces ( water i)ower, coal, peat or 
oil), and to the meth<»ds for their development fin- 
industrial uses. For this purj)o.se it is nec<*ssary to 
have beneficent Icfiislation, a ])roperly maintained 
})ower survey department, and institutimis for 
traininji* the reiiuisite technical staff, Countries 
(litTer in their possession of juiwer resources. The 
V. S. A., the r. S. S. B., and to a lesser extent, 
India are the yreat countries in the world which 
are fortunate in jiossessiim- all kinds of power re- 
sources in abundance. 'Phe V. S. A. has develo])- 
ed lier iiovver- resources to the fullest extent, and 
the V. S. S. 11. which before tin* war, wa.s even 
ij»norant of its power resources, has taken .steps 
(umler the various Five Year Plans) which have 
transfoi’meil it within a short time from an ajivi- 
cultural country to an industrial one. Of the 
other j»reat countries, Knj*land and derma ny are 
almo.st uniipie in that they possess a limist no \vater- 
power but plenty of coal of every variety. On the 
other hand, amon^^st the j^reat powers Italy pos- 
sesses no coal, and has to depend almost entirely on 
water-power; the same is true about Switzerland 
and Norway. We shall see in a later e.ssay now 
these coutvies have developed their power re- 
sources. Before takinj*’ up this task, we are ex- 
plaininj*’ a few technical terms which the reader 
will constantly come across. 

Unit of Power — Horse-power, Kilowatt 

Worlf in mathematical lanj^uaKe is the product 
of forces and distance through which it acts. If 


one pound-weight be raiseil through a height of 
one foot against gravity, we say that the work 
d<»ne is one foot-pound. If we measure the weight 
in grammes and the distance in centimeters, the 
unit of w'ork is called an erg. This is the woi’k 
done when one gramme weight is raised by one 
centimeter against earth’s gravitational force. 
From the definition of work, it is cl(‘ar that lln‘ 
work done in raising a ton of weiglit on<‘ foot 
against gravity is the same as raising a ])ound 
to a height of 2240 feet. A man cannot gciH'rally 
raise a ton’s weight at oin* (‘ffort, but h(‘ can do it 
in parts, the* only ditVerence will be that in the 
second case greater time will be taken in perform- 
ing the same amount (»f work. In popular 
language*, this is disposed of by saying that a man 
eloes md ])o.ssess suffi'eient. power to raise a ton’s 
weight through an ap])n*ciable distance. 

In technical language ' Fawci ’ refers to tin* rate 
at whicli work is dime, that is to say, it is the 
proeluct of force and sp(‘(*d. Tin* .same machine 
can exert a great (*r foreg* with a small(*r .sjieed 
ami a small fe»rce at a great speed. If the work 
eloiu* is nu'asured in foot-poumis tin* practical unit 
(d‘ power is known as one Innse po\v<*r or 1 11. P. 
If an age’iicy can elo ooO foot-pounds of work in 
one second we say that its ca]>acity is 1 ll.P, If 
the work is measured in ergs (e.g.s. system) the 
power is measin*t‘d in ergs se*-. This unit is too 
small and a unit which is ten million tim(*s larger 
is employed. 'Diis is known as ‘ Watt ’ aftc*r ifames 
Watt, tin* discov(*rer (d‘ the Steam-engini*. Kven 
‘ Watt ’ is too small wlien we take into considera- 
lion big machines ami .so another unit which is 
thousami limes lai-gi‘r than a \Natl known as 1 
kilowatt, or I Kw. is em|>loyed. In tin* ]>n*sent 
articb* this unit will be fr(*ely used. It can be 
easily i)roved that 1 ll.P. is eipial to 740 watts. 
We can also rate other varieties of power in terms 
of the kilowatt. It has been estimated that an 
average man at a stretch can wiehl only I '10 ll.P. 
or .07') Kw-. 

The Unit of Electrical Energy 

Electrical energy is measured in Kilowatt-hours 
written as Kwll for tin* .sake of brevity. If a 
unit current (one ampere) flows under a ])ressure 
of 1,000 Volts for one hour, one unit of electricity 
is (fonsumed. Thi.s, like mechanical energy ami 
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h(*at, is ail enerj*y unit. Th(* ciiiiivalent of this in 
enerjjy units is ShO kilocalories. (One KwH will 
therefore proiliUM* sulTieient to raise litres of 
water from z(‘ro (l(‘«*ree to the vapour state). If 
an ineamieseent lamp is rated at oO watts, it will 
eonsume one unit of elect rieity if it works for 
1000 oO 20 hours. An average man works j>:ene- 
rally for S hours ami his output is therefore eipii- 
valent to 0.0 units in a day. Man, rejiardetl as an 
animal pi’odiicin.u work, is a rather ])oor specimen ! 

Total Power Installed 

It is a difficult husiness to make an estimate of 
the t(»tal power developed in a country, as it is 
made up of electrical power, steam pinver, power 
from oil engines, man and animal ])ower. The fir*st 
three kinds of power are easy to estimate. If a 
generator is ca]>al)le of supplying unit current at 
a pressure of 1000 Volts, it is said to have a power 
of one kilowatt installed. The .steam and oil 
engines are rated in H.P., which can he easily 
converted to kilowatts. 

At the present time, man and animal power 
forms, in a projire.ssive country, a very small 
fraction of the total power available from eleelri- 
city, steam en^iiie.s, and .so (Ui. Thus the total 
electrical power installed iii Valeiitta and its 
suburbs is about 100,000 Kw., and steam ])ower 
will probably ammmt to 150,000 Kw. Total power 
available from machine of all kinds will probably 
amount to 1500,000 Kw. Let ns compare this with 
the mau-power of Valeulta. Supposing that the 
total labouring’ |)opula1ioii of Caleutta and its 
suburbs is 500,000, their total jmwer is only 30,000 
Kw., i.e., only 1/10 of the power derive<l from 
machines. In more advanced countries, the pro- 
portion is still lar«»(‘r. In the i-oiintryside, only 
man and animal j)ower is used. 

The Total Work Output of a Country 

The total output of work in a country can be 
easily measured in KwJi. Jn a country where the 
only .source of power is electrical as in Norway 
<»r Vauada, the estiruatiou is easy; for every 


ireueratiim station records its output of work, ami 
an estimate for the whole country is obtained hy 
addiiij^r up the returns for all the stations. In a 
country where much steam power or oil power is 
directly used, estimation becomes more difficult, 
as it is difficult to jret records of output of steam 
and oil-engines. For a backward country like 
India or China, the man and animal power, which 
can be entirely iiegleeted for advanced countries, 
forms the chief item. Tlie following talde shows 


TABLK 1 


Cnntitry 

Year 

Total Con.miiiip' 
tion of Klectn- 
cily i>cr year 
in minions 
of units. 

l'nit.s Con 
suinod per 
lu'ail of 
j)0})nlalion 
per year. 

Croat llritaiii .| 

I92() 

11374 

300 


t 

1935 

23000 

600 

Germ any . . | 

1920 

21218 

300 

1935 

34500 

530 

Italy . 

1920 

7644 

200 


1935 

12800 

300 

Swit/erlaiul 

[ 1926 

4170 

1100 

1150 

[ 1935 

i)70.) 


1 1931) 

2400 

600 

Norway . 




[ 1935 

7143 

1600 

1 

Russia . . j 

[ 1920 

3608 

20 


150 

[ 1935 

25900 

U. S. A. . .H 

[ 1920 

0 

1 

750 

[ 1935 

123236 

950 

Canada 

1920 

12093 

1300 


2000 

1935 

21362 

Japan 

1926 

9313 

160 

1935 

21000 

350 

India . * 

^ 

Definite 

statistics are 7 approx 



not known 


the output of electrical energy for a few different 
vunr'fjupiif u1 ivii r>oiiiitripM nf tho world, lol’ iWO 
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THE INTELUGENT MAN’S GUIDE TO THE 
PRODUCTION AND ECONOMICS OF 
ELECTRICAL POWER 

Table I shows why certain eonnlries 
lire rich and others are poor. It is easy to set* 
that the jrreater is the work output oF a country 
the greater is its wealth. 

Now, the energy out pul per head of a modern 
advanced country is aiforded hy the example of 
Norway ov Canada. It is about 1000 KwH per 
head. Such a country, being all electrical, pro- 
bably uses no other kind of laivver in a])preciable 
amount. Let us eoni])are this with a country like 
India. The energy output is made up of electrical 
power, steam pow(‘r plus man and animal power 
whicli cannot i)e neglected in this case. The 
electrical cin*rgy per head in India yichls 7 units, 
and we shall not pi’obably be Far wremg iF we 
suppose that the total sti'am jmvvcr yields H units. 
The total energy output of an average man work- 
ing For eight hours daily is .0 Kwll, and for a y(‘ar 
of ItOt) working <lays, the total amount is ISO units. 
l»nt only about a Fourth (d‘ the i)co])lc are engag- 
ed in useful work, so that the avcrag(‘ output per 
man is not more than 40 units. Animal power will 
ado another 10 units to it. So the average energy 
output per man in India is not moi-e than Oo KwH 
(40+ 10+7 I S). The total work output per Indian 
is about HO times less than that of Canada. Now 
wealth docs not fall from the heav<'ns, but has to 
be created by human or machine power. Thi.s 
explains why the average Canadian or American 
is HO times richer than the average Indian. 

The cases of other <muntries are also interest- 
ing. England, Cermany, the C.S.A., ami France 
use, to a large extent, steam and oil power, ami 
probably if they are added together,' the total 
output of energy per head per year for these 
countries would not differ much From that of 
Canada or Norway. 

But Italy and Japan present quite different 
aspects. Of all the great powers, these two 
countries are very deticient in coal and petrol. 
They have therefore to develop their water-power 
resources to tlie Fullest extent. Even with tre- 
mendous efforts, they have not been able to provide 
more than 300-350 units per capita. This is one 


of the reasons of the comi)arative poverty of these 
countries, and hence they are always anxious to 
secure other undeveloped resources belonging to 
less advanced nations. 

Tlie Case of Russia 

Hussia like the Cnite<l States <4’ America 
po.ssesses a large variety of power resources. But 
before the Revolution, these resources were lying 
unutilized and only an insignificant part was 
<levelnped, mostly i»y foreigners. The rulers of 
Russia useil to wage costly and ruinous wars in 
the interest of imperialism in <listant countries 
while her ])casants were subjccle<l to ptumidic out- 
bursts of famine and ])estilcnces, and were usually 
half-starved arul half-clothed. They wci'e un- 
aware that the means of removing the country’s 
poverty lay near at hand and depended upon the 
development of the country’s res<nirces. .\Fter 
the Revoluliop, the new Russain State set <ieler 
minedly \u solve tlu^ iiroblem of the country’s 
poverty and this bi’ought into existi'Uee the various 
Five ^’ear Plans; the whole country was snrveye<l 
hy rom])et(‘nt pei'sons umh'r the direction of the 
Krzhizhanovsky Institute of Power R<‘sea?‘eh and 
Survey, ami it was discov(‘retl that Russia lainked 
first in its oil, peat and water power I’cserves in the 
whole worbl and se<‘ond in its coal deposits. She 
also has the largest Forest ai'ea on earth. It was 
decided to electrify tiic whole country in order 
to utilize its resiuirces for sui)ply of cheap |)ower 
to primiote a rapid develojmient of her industi'ies. 
In five years’ time, a large part of the programme 
was carried out and the production of electricity 
was increased nearly eighteen times. Today we 
find Russia leading the way in electrification 
schemes and ranks only second to the Fnited 
States of .America. 

Economics of Energy Production and Supply 

The economies of energy pi'oduclion and supply 
can be grasped by the lay rentier only if he has 
a clear idea of the uses to which eh*ctricity can be 
put. The earliest use of electricity was for lighting, 
particularly public lighting (lighting of roads and 
public places). But iu this line the eleetrie supply 
companies had to bear the compelilion of other 
forms of illumiiialion, particularly of gas-lighting. 
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It was only the l(^w^‘rin.^ of Ihr price* of clcclrii ily 
and invention of l)i*lter kinds of «low lamps wliicdi 
saved li^htinn- for llie eleetrieal industries, after a 
rather lon^- struji’ule. 

But tn-<la,y, eleedrieity eonsnmed in li‘'’htin»’ 
forms a very small fraetion of the total amount. 
The j)urj)oses to whi<‘h electricity is ])ut <‘an be 
{>rouj)ed under the followin*^: headinjrs: • 

(fl) Domestic pur])os«* (liylitiny:, heatinjr, 
ami in our country fans and for run- 
ninji’ small machinei’y for household 
us(‘s) : 

(fc) Kor 'frae-tion (for runnin**- tramways, 
electrified railways <‘tc.); 

(c) For Industries of all kinds: 

(d^ For Agriculture. 

A little reflection shows that eleetri<‘ity is not 
eepially suitable for all purposes. For example, 
electricity for li«htin<* is recjuired during: the 
iii«ht-time, say, only for four hours out of twenty- 
four. For cookinji, it is also r(*(|uired only for a 
slmrt time. Fans are in use in our country only 
for about G months, and for about five or six 
hours jier day. Hut a eompaiiy which has under- 
taken to supply (‘lecirieity to a city has to maintain 
machinery which can meet the maximum demand 
(peak load) at any time of the day and the year. 
Suppose this is d,00() Kw. Tin* company has to 
maintain machineries capable of delivering: 

Kw. Hut the total demand at any hour of tin* day 


is only a fraction of the total reserve. Let ns 
suppose that at 11 A.M., the total demand is only 
700 Kw. Then only ‘20% of the total available 
power is beinj? utilized. This percenta^je, i.c., the 
power used at any time to the total installed power 
is called the load factor. If electricity is used for 
dome.stic purpose ab)ne, the load-factor is very 
low. When the load factor is low, charffes are 
boiuid to be. hi«h. 

Hut for traction and industrial purposes, the 
local factor is much higher. Fertaiii kinds of 
work may {^o on for all tin* 24 hours or nearly so, 
c.g., raisinc winter for a municipality or work in a 
factory where labourers work in three shifts, each 
of ei”;}!! hours. (i'en(*rally for industrial purpo.se, 
the u.se of electricity is regular, and lasts for 
lonj^er hours. Hence the load factor is very hijili, 
and the charges are pro])orlionately low. 

For agriculture jiropei* (])lou»hin», .sowinu. 
harvesting: and irrigation), in j^eneral, electrical 
power is not very .suitable, exce])t for somi 
industries connected with agriculture, .such as 
threshinc’, milling’, crushinj>’. (‘tc. For the ploujih- 
\\\iX of the *»round. and sowin*i’ of se(‘d, and raisinu 
water for irrijration i)urposes are not ('ontiinioiis 
processes, but are confined only to certain seasons, 
and to certain hours of the day. 

The load factor varies from hour to hour as 
mentioned above ami is different in the difl‘(‘r(‘iit 
seH.sons of the year. We therefore speak <)f llu' 
avei’ajfc load fa<*tor for the year or for the <lay. 
It can be easily realized that the load factor plays 
a very iniportaiil i>art in the economics of cU'clri- 
city rates. 

(7"o be continued). 
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The Annual Krporl of thr DrpartnuMit of 
Scientific and Industrial Rcs(‘arch o])cns with an 
elo(|iient tri])nte to the late Lord Kiithcrford and 
his inspirinii’ leadership dnrin«> the scv<*n years 
he was (liairnian of the Department’s Advisory 
(Vnincil. The Reports which have appeared 
annually over his simfialnre diirinj* that period ail 
hear testimony to tlie strejj«th of his convict i<ni 
that the prosperity of this country can only ])e 
assured if its industries make the fullest use of 
the teehni<|ue and the diseoverii's td‘ sciiMice. His 
last act as Dhairman was the shapiim' of tiu* 
pi’csent Ke])ort which is signed hy Lord Riverdale 
(foruHU'Iy Sir Arthor Ihdfour), the new (Mmirmai. 
of the (’ouneil. 

During' the year, consideration has been jriven 
to two flireetions in which it may he jxjssihle to 
strenjiHien tin* contacts hetween industry and the 
Xational Physical Laboratory. With improved 
eoiiditions of industry the basis of the eharjtes 
nunle for special investigations and tests has been 
reviewed, and it is anticipated that some reduction 
of the eharyes may be possible in particular cases. 
Arranjiemetds have also been made by which the 
stall' of the Laboratory will be availabh* to visit 
works to study practical problems of pnaluction 
and to plan investiyati<»ns and carry them out <ui 
suitable terms under the conditions obtaininji: in 
manufacturing' practice. The ru'w development 
is (uie which should ])rove attractive to Industry. 

The Report reconls sub.staiit ial progress in 
practically all directions of the Department’s 
work, both in the researches carrie»l out l>y the 
research establishments of the Department itselt. 
ami in tlu* laboratories of the I'csearch associations, 
formed on a <M)-operative basis in various industries 
under the J)e])artment’s auspices. The associa- 
tions’ financial resources, encouraged by the 
present conditions of jjrant, maintain an u]>vvard 
tendency. The aj»:y,i*e^‘ate income subscribed by 
industry has now practically reached ,£250,000, 


and the Dovernment’s jirants amount to nearly 
half that sum. 

During- the year the Pott(‘ry Manufacturm-s’ 
iMMleration ileciiled that the time was opportune 
for the settitifi' u]) of a research association for 
their industry. To finance the project the Ke<lera- 
tion has j^iiaranteed the new rest‘arch association 
an income of at least £10,000 per annum fi»r five 
years, and the Department has aj»reed to make a 
jrrant of £5.000 a year, so that the new association 
begins its existence with a?i assured income of at 
least £15,000 a year. There is also a i)(»ssibility 
of increasinjr this to £19,000 if sufficient money 
is ]>rovided by industry U) earn the fidl wrant 
which has been otTered by Hu* Det)artnu*nt. 

Tlic Storage and Transport of Food 

A short time a^u) a new system of refri«:eratiou 
was developed at the Ditton Laboratory of the 
Department, known as the “ jacket ” system. 
The new syst(*m has been instalUsl with modifica- 
tions in most of the new tonnage in the .\ustralian 
and New Zealand traih*, and durin;*' the year 
arrane:cmcnts were made for officers of the De|)art- 
nient to sail in semie of the ships so etpiipped to 
♦‘xamim* its i)ractical workinji'. The basis of the 
investigation had to be wide since the s^^'stem in- 
volved chanjies in the method of carriajre of all 
the ships’ refriji'e rated car»'oes frozen, includiiifi: 
butter, cheese, frozeti meat, chilled meat in ^as 
slorajii*, pears and apples, in the tests some il50 
electrical resistaiUM* thermometers spaced through- 
out the car«:o were used, 'fhe full data obtained 
from the exi)eflition are under iletailed considera- 
tion, but the indications are that the new system 
is w<irkin»' very satisfactorily. In the ^real bulk 
of a stack of 50,000 cases of ai)ples the tempera- 
ture was uniform within Moreover with the 
new system fi,000 more cases can be carried than 
with normal storage. The Report points out that 
at the present time the margin of uncertainty in 
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specifyinjj: tho best toinpernlure for h inixcMj car{»:o 
of applen is about 2®F. Tims tiu* precision of 
control possible i*i the refrijjerated space aboard 
sliij) has come abreast or even surpassed the preci- 
sion demanded by biolojjfieal definition. 

The success tliat has attended the eomiuercial 
development of j»as stora«:c of home j^rown apples, 
that is storage in an atmosphere containing just 
the rij^ht amount of carbon dioxide, is well known. 
A second invest ij^at ion carried out with William 
pears and witli (N)nference pears has shown that 
the pear responds to jras sloraye even belter than 
the ap])le. When jias-stored, the pears ri])en more 
slowly on removal from store, thereby allovvin^^ 
the trade more time for marketinji: them. Siiice 
the value of pears eo/isume<l (Uily in the Knited 
Kinjidom is a|)proximately .£2,000,001), and home 
production is respofisible for only a small amount 
of the total, there would appear to be scope for 
a considerable increase in the ^n*owin» of i>ears 
ill this country. 

To meet the iucreasinjf demands of the trade 
for information as to the behaviour in store of 
fruits and vegetables not ])reviously stored in 
quantity, trials have been carric'd out with straw- 
berries, hot-house j^rajies, broccoli and jieas. The 
previous work with plums has )>een extended, and 
f>:as-slora{;e trials with asparaj^us have been com- 
menced. 

The Shoe and the Foot 

Intorestiii”: work has been carried out <Iurinjr 
the year by the Ikmt and Shoe Research Associa- 
tion arising? from investijjations on ‘‘ walking 
research ” in which moving |)icturc records are 
taken of the j?ait of various people to study in 
detail the way they walk. The full results of this 
invpstifration will not be available for some time. 
As a result of knowledy:e already jrained, testing 
machines have iieen desij^ned for laboratory in- 
vestigations of the response of different kinds of 
shoes to tlic forces acting on them iluring wear. 
One of these is a flexibility meter. In dress shoes 
flexibility gives comfort and elegance, and an 
instrument, the Report states, which imposes on a 
shoe the correct kind of deflection and gives a 
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measure of flexibility provides a means of investi- 
gating the different ways in which this flexibility 
property can be achieved. 

A second instrument investigates the character 
of the shank or waist of the shoe, a very important 
feature in high-heel shoes, and a third, not yet 
completed, is a machine which will jiut shoes 
through the motion of walking and give the soles 
the treatment they receive during wear. The 
object of this machine is to give inforhialion on 
the materials and constructions likely to give 
maximum durability in various circumstances. 

Another matter the Hoot and Shoe Research 
Association has been investigating is the standard- 
ization of slioe size markings. Most imlividuals 
have had experience of lack of uniformity in this 
ciuinection. Kiu* example, a lady may have a pair 
of shoes giving perfect satisfaction and comfort, 
marked a certain size. She changes to another 
ty])c of shoe or piu’haps the same 1ypt‘ rnuu 
another mnnufacturcr. and may find it ni'ci^ssary 
f<U‘ the same comfort to gt> to some (piile diffeiMMil 
size markings, (’ertain stamlai'dization rules have 
now been formulated which were adopted at a 
recent joint eonferenee representative «>f all sec- 
licms of the industry. 

A third matter, the Report slates, whieh has 
ciune 11 ]) during the year is the (pu'stion of 
occupational footwear the iictui for designs ami 
specifleations of boots and shoes suitable for vari 
OU.S kinds of industrial occupations. For exampb*. 
what is the liest kind of boot or shoe for ii 
waitress to wear or a nurse, a sliop assistant, a 
policeman, a railway porter, a factory machine 
minder, and s(» on? Many large concerns and 
authorities take a great <leal of trouble, and have 
a high degree of organization, in the welfare of 
their emjfloyees, and doubtless they would not 
hesitate to speeify a eertain shoe as part of theii* 
employees’ uniform if they knew with certainty 
the best type of shoe for their special circumslan 
ces. Safety boots ” for miners and quarry 
workers is a case in point. 

Sweets 

(.Children should be interested in the researches 
of the Jam, Cocoa and Confectionery Research 
Association. A special study of toffee manufacture 
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iiig is bointi: made. In partieular the etTeels of 
variations in the properties of condensed milk on 
the manufaeinre and keepifiju: properties of tofIVe 
is beinp: investif*ated. Pastilles or fyiims, the 
Report states, are frecpiently made with a ])asis 
of j^elalin. In a certain case these pastilb's were 
found to become touyh and almost coni])letely in- 
soluble in the mouth. An extensive examiiialion 
of these Koods revealed that the effect was dm* 
to an action l)etweeFi the gelatin ami certain (»f 
the flavouring'’ essences used. Thus manufacturers 
of these «oods are Jiow able Ij) avoid tin* occurrence 
of this defect. 

Of Interest to Motorists 

The report »ives a summary of the work of 
the Research (‘ommittee of tlie Inst it ul ion of Auto- 
mobile Knyineers whicli forms the co operative 
research orjianization for the motor industry ami 
is financially support (‘d by th(‘ Department. 

In the pro>»ressive develo])ment of the auto- 
mobib*, one pro])lem after another is thrown into 
jFromimmee and, at present, considerable atten- 
tion is belli}*’ ji’iven to matters alTectini*’ the life 
and performance of enj«ine beariims. 'Phe work 
of tin* C.\>mmiltee has iiiclmlcd an examination of 
the influence of beariii}*: materials, lubricants, 
operatinjr conditbms, etc., but probably the most 
outstanding? d(*velopment during? the year is the 
new techni(|ue for the nieasurement of the 
temperature of bearin}»s on hiji'h speed en}»:ines. 
The ex])erinients already carried out have thrown 
a flood of li^ht on certain factors affecting? bearin}*: 
temperatures. 

The investigation on cylinder wear, which is 
nearing completion, has undoubtedly been the 
biggest research undertaken liy the Committee 
and it will constitute a very exhaustive examina- 
tion of the many factors responsible for cylinder 
wear. A recent enquiry amongst manufacturers 
and operators indicated the marked effect this 
investigation has already had in reducing the 
severity of a trouble which has cost the public 
sums which, while difti'cult to assess, must amount 
to several millions of pounds per annum. One 
interesting recent development in this research has 


been the application of a new' method of studying 
the formation of a lubricating oil film on the 
cylinder walls, a method which has already shown 
itself capable of giving (pianlitative data in place 
of mere gnessw'ork. 

Strenuous efforts are lieing made by the auto- 
mobile industry to reduce all kinds of noise on 
motor vehicles and, in this connection, the Oom- 
mittcc\ investigation on brake s(picak has been 
confinued, wdiib* two new' researches, one on the 
silencing of motor cycles and the other on the 
noise emit toil by motor-car body panels, have been 
started. 

Oth(‘r w’ork of interest to motorists is being 
carried out for the Department’s Illumination 
Research Dommittee, at the National Physical 
hahoratory, on the best colour for street lighting. 
The ])rol)b‘m is, the Report slates, to distinguish 
rajjidly and with certainty objects of various sizes 
and shapes which may appeal' suddenly on the 
surface of a lighted street. The method employed 
is to take a number of ‘‘ still ” photographs of 
a street, with and without difl'erent objects placed 
on the road surface. A film is then made of these 
photographs ami this film is projected on to a 
screen in whicli are small holes at the places 
w'here the inmges of the stre(‘t tights would appear. 
Ib'hind these holes lire placed himps, giving light 
of the same colour as that used for projecting the 
pietun*, to represent the street lumps: in this way 
it is possible to get sources snflieiently bright to 
simulate on the screen the appearance of an actual 
lighted street, liy careful control in the making 
of the photogratihs and the film, it is jiossible to 
reproduce closely the actual street scone in all 
the details affecting an observer’s ability to pick 
out objects in the street which appear and dis- 
appear during the course of the film. 

In connection with the work of the Road 
Research Laboratory it is necessary to know in 
studying the durability of road carpets, not only 
how many Ions of Irafli'c have passed over the road 
but how many tons liave passed over when the 
road w'as wet and how many when it was dry. 
To determine this an instrument, known as a wet 
road clock, has been developed, which records the 
])eriods during which the road is wet. The instru- 
ment depends on the difference in the electrical 
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resistance of a wet and a dry surface. Contact 
strips have been laid on llie surface of the Colii- 
bi'ook Hy-pass close to the Ijaboralory and the 
sif»iials fi'iven when the tratHic passes over these 
are recorded on an instrnnient in the entrance hall 
of the Laboratory. 

Metals: Iron and Steel 

A larjAc amount work has been carried out 
both at the National Physical Laboratory and 
under the Iron and Steel Industrial Research 
(^)inicil of the Itrilish h*on and Steel F\*deration, 
the co-operative research orji-anization of the 
industry. Cnder the Research (V>un<'il an invest i- 
iration is bein»‘ made to determine tlie jias 
temperatures in various parts of a blast furnace, 
the ‘'■ases are also bein^- analysed as well as solid 
samples takem from various portions of the 
luniace. This work is brinjfiti}*: to lij*:ht the effect 
of ore size. Work on fundamental problems of 
heat transfer and their intiucnce on furnace desiffn 
has also been bej^un. it is stated tliat definite 
improvements in the life of the bricks used in 
buildinji: blast furnaces have resulted from the 
work of the Pritisli Refractories Research Ass(»- 
('iation. Investigations ar(‘ now beinji' <‘xtended 
to the problems of open hearth furnaces. 
Researches are beinji* carried (uit to determine the 
best type of coal for use in yas |)rodueers, a plant 
from which jias, for use in iron ami steel furnaces, 
is jiiade. lnvesti»ations have been carried out on 
problems relatinjf to steel castinj*:s and to the life 
of inj'ot moulds. Work on the investij»atiou of 
atmospheric and marine corrosion has been con- 
tinued and attention is now bein*; jjiven to the 
surface treatment of iron atid steel and the effect 
of coverin»s of jiaiiit and other protective coatings 
asrainst corrosion. 

The new balance blast cupola desijrned by the 
Past Iron Research Association is continuinji»: to 
develop satisfactorily. Some 170 furnaces are 
now^ in operation or under construction. Two in- 
vest ijialions have been completed by the Research 
.Association tlurinjj the year, one on the laboratory 
and foundry behaviour of metallurgical cokes and 
the other on synthetic mouhling sands made by 
bonding sands, clay-free or otherwise, with special 


clays. Presh work has also been begun on pro- 
blems connected with the vitreous enamelling of 
cast iron. 

Pol lowing recent developments in the field of 
high-duty cast irons, such as their successful appli- 
cation to automobile crankshafts, camshafts, brake 
drums, etc., an important investigation has been 
begun during the year, sponsored by the Institu- 
tion of Mechanical Kngineers, on high-duty cast 
irons for gcmeral engineering applications. Jn this 
investigation the whole field of cast irons is being 
exj)lored over a wide range of carbon content, both 
plain and alloyed, ordinary and Jieat-treated, and 
their mechanical properties determined. The 
National Pliysical Laboratt)ry is co-operating in 
the work. Tlie cast irons (containing aluminium 
are also being iuv(\sti gated. 

Non-Ferrous Metals 

The British Xon-Perrous Medals Rc'search 
Association has tift(‘en ma.joi* researches in i)ro- 
giT.ss. The increased concemtration of C(jp|)er in 
the outer layer of ingots and castings of light 
aluminium alloys and of tin and tit) bronzes pro- 
duced umhu* (certain conditions is being studied. 
Work is also in hand on the study of the effect of 
baetei'ia oeeui’ring in eei’lain watei's on the eoia-o- 
sion of (con(l(‘ns(‘r tnlx^s. The seimitific principles 
underlying the product i«m of mirroi* bright 
(h'posits of nickel which do not laMiuiiH* polishing 
are being investigated. Tlie pi‘ot(*etiou against 
(corrosion and wear giv(‘n l)y eleetro-dejiosit coat- 
ings is largely a (pi(*stion of theii* thickness and 
uniformity. A reliable, (tuiek and simple method 
for t(csting the thickness of a coating at a given 
])oint has lieen develojx'd. The jiractical applica- 
tion of the test is mainly to nickel plating but it 
may :dso be ajiplied with suitable modifi(cati(ms 
to (*oj)per, bronze, zinc and cadmium. 

New buildings are being erected by the Asso- 
ciation in Kuston street, London, in which ten to 
twenty thousand s(puire feet of laboratory aeeom- 
imxhitioii will be provided. Jt is expe(*ted that 
the uev\' laboratories will be occupied diiriug the 
present year. 

Textiles: Cotton 

Last year has been one of great activity in all 
departments of the Shirley Jnstitiite, the head- 
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quarters of the Cotton Keseareh Association. For 
many years the Association has been etjuipped 
with spinning and weaving machinery and it lias 
now been decided to instal a representative range 
of finishing machines for sconring, bleaching and 
dyeing, in order that some of the vast amount of 
fundamental research work on finishing iirobicms, 
the results of which have been accumulated, may 
be applied more directly to the trade's special 
problems. Hitherto the Research Association has 
concentrated mainly on improving the pnqierties 
of the materials used in industry and increasing 
the (puility of the products made by it witli exist- 
ing equipment. Little work, the Report states, 
has so far been <lone towards creating new 
machines or more efficient equipment. There have, 
however, been exceptions, the most striking of 
these being the recent researches into new methods 
of opening and cleaning cotton. 

This work is developing with great jiromise, 
but not as (piickly as is desirable. This is largely 
because the development work in coninsdion with 
each new machine is slowed up by the fact that 
the actual constructional work must nearly all be 
carried nut for the Association by machinery firms, 
which are eijuipped mainly for mass production 
rather than experimental constructional work. 
Fonsiileration of this and of the general riuestion 
of extmiding the work of the Association to the 
development of more eflficient textile machinery 
has led to the authorization of further large exten- 
sions in order that the As.soeiation shall be e<piip- 
])ed to develo]) rapidly any iiew ideas connected 
with textile machinei’y, ami to produce at the 
Shirley Institute the first model of any new 
machine. No (piestion of production of machinery 
in (plant ity is, or is ever likely to be, contemplati^d. 

The extensions will consist of two main blocks. 
There will be an engine(*ring shop with sufficient 
ecpiiimient to enable the Association to build up 
new designs with the least ])ossible delay. There 
will also be an extension of the present numhinery 
rooms, and in this department the ex])erimental 
work concerned with the behaviour of cotton in 
the new machines will be carried out. There will 
also be room for the installation of all the new 
macdiines developed for some time to come, so that 


members of the Association (*an si^e them in (qiera- 
tii)!! at the Institute ami, if they so wish, have tests 
on their own materials carried out tlnuT. 

Wool 

KiTorts are being mad(‘ to seemre* extended and 
more stable support from imlustiy bn* tin* woi*k 
of the Wool Industries R(‘S(*arch Association. A 
proposal sei'king to obtain agreement in tin* vari- 
(Kis branches of the industry for the raising of 
fumis by means of a statutory h*vy, whih* obtain- 
ing substantial backing from trade fe<lerations 
and individual firms, failed to gain the necessary 
majority opinion. Recourse ha.s, lher(‘forc, had to 
be made for imm(‘diate purposes to an appeal foi* 
increas(‘d vt)luntary support, tin* results of which 
are still awaited. 

Fonsiderabh* attention is being given to the 
cliemi(*al lr(‘atiin‘nt of wool to reiluce shrinkage. 
With all tin* nn*thods used thei'e is the danger of 
overt r(‘atment which ])rodu('es a hai'sh handle* in 
the wool and a d(*lerioration of ri'sistance to wear. 
Laboratory techniepn* has b(‘(‘n developed which 
has proved of gi‘('at valm* in d(*t(‘rmining the modi- 
fications [iroduced in wool by various treatments. 
The method is us(‘ful not only foi* the control of 
treat nn*nt but giv(*s in format i(m as to tin* sort of 
treatment an unknown sample of fabric has rec'eiv- 
ed. The t(’('hnical advantages of various tr(‘atm(*nts 
d(*lH*nd both on tln*ir cost and on the accura(‘y of 
the cenitnfi which can be (*xercised. This latter 
factor, the reimrt states, is of extreme im])ortanc,e 
in ('ertain ai)plications such as that retpiired for 
treatment of wool before it ?*(‘ach(‘s the stage of 
yarn. Thus in most “ wet ” ti*eatments, if (»ver- 
treatment is to be avoided, it is only ])os.sible to 
give a partial treatment to yarn fabi'ics. Thereby 
oidy the fibres on the outside td’ tin* yarns an! 
attack(*<l, which pi*oduc(*s only a tem|)orary effect 
in jvdiicing shrinkage, since on washing, the yai*n 
fibres are disturbed and tin* unti*ealed fibres at 
the core then be(!ome capable of producing felling. 

In co-operation with the Rubber (li*ow(*rs' Asso- 
ciation research is being carried out on the use of 
rubber in conjunction with wool. Ry the us(! of 
suitable agents, the report continues, rubber can 
be de])osited from latex on the surface of the 
individual fibres of a yarn fabric or tell much in 
the manner of a dyestuff, absorption proceeding 
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until the solution is oxh.iustcMl. Oiu^ of th(‘ uppli- 
nitions oi* this priiu*i])h' is that varus ('an Ih‘ 
niblu*r-tiTa1(*(l in hank form as in a dyo hath. The 
nialorial so |u-c])ar(Ml has incrcascMl streuyih and 
r(‘sistanc(* to ahrasion. Thi* ju’of'oss has uiad(‘ 
the sulijcc! of i)a1(‘iit applications whicdi. it is 
hoped, will lu‘ devcloptsl coiinnercially in various 
ways. 

The Civil War in Spain has liniited the supi>lies 
of oliv4* oil wlii('li is tin* traditional wool lubricant 
used in tin* worsted imlustry. The use of a substi- 
tut(* (jil may lead to diflieulties unless careful t(*sts 
of it have been made. .\])art from deterioration 
in combing' and spinning' performanc(‘, sm'ioiis 
troubles may ari.se in the finishinj*: of clotlis in 
which yarns containing oils (if a din'erent nature 
are emplovtMl. Cnder commer(*ial scourin^: condi- 
tions dilTerences in dye 'absori)tion may be produe- 
«‘d by residual oils so that the fabric* would dye 
unevenly. Cifleen ditferent substitute oils have 
been examined of which eij,iht have been su]).)ecled 
to carid'ul t(‘sts under mill (‘onditions. Tlie results 
have shown that several oils aJ’i now available 
wdiich are not infericu*, and in some (.‘ases are 
superior, to olive oil. Differences have bee?i 
observed in the sc'ourin^' of such oils but if careful 
attenticui is »iven to the c*onditioiis of scourin«: no 
differential effects net'd be experienced. 

Linen 

The experiment in c-i-owino- H-jx on the royal 
e.states in Norfolk has been continued and a crop 
of approximately 2,000 tons was harvested la.st 
year. New methods of treating the straw and 
handlinji’ the fibre now meet with C'onsiderable 
appr(»val from the Irish spinnei's. \ useful 
(plant ity of first class ])edi«iree seed has also been 
siu'ce.ssfully marketed. Inve.stijrations on the 
brc'cdin**’ of a still further inipi'ovcd variety of 
flax are in hand at the A.s.sociation ’s Flax Ke.seai’ch 
Institute at Flilchani. The Association’s new flax 
lu’caker has been thoron»hly tt'sted out and it 
has been k(*pt at woi*k on a ci'op from 20 acres 
of flax srrown in Scotland in The trial 

demonstrated that flax of an excellent cpiality can 
be ^rown in Scotland and the seed from the crop 
has been savc'd. A larger aj*ea is lieinj*- tried in 


the sniiie districts. Duriiifi- the year, the report 
states, work has been continued on the process of 
spinning a new type of linen yarn, the chief 
characteristics of which are its soft bulky nature, 
in fact closely resembling: wool yarn with the 
a(lvanta«:esof the vvashability and non-shrinking of 
linen. The s])innin«»: process has been greatly im- 
l>roved and is now ])roce('diny on a small com 
niercial scab*, with a view t(» develojimeiit of 
fal)ri(*s for particular pur])o.ses where these pro 
p(‘rti(‘s will be most useful such as in knitted 
clothing' fabri(‘S. biank(*ts and so on. 

\ new desijiu of portable ultraviolet lamp for 
the examination of oil stains in (doth and the 
identifi(*ation and Urtin^- of dyes in fabrics has 
been (*ompbded and the lamp has been pla(*ed on 
the market by a Rritisb firm. 

Electrical Research 

Dea iji' with the work of the Klectrical 
K(*.s(*arch .\s.sociation, the report stat(*s that tlie 
r(*s(*arche.s on the properli(‘s (»f steam, and of alloy 
steels suitable bn* use at hiyh temperatures have 
played a larixe part in tin* improvement of (‘flicieii- 
(y in Kt(‘am power plant. In the last ten years 
the improvement in efticiency in steam jreneratiiiti 
stations has been about 40 to 44 per cent., and 
it is estimatiMl that over S million t(Uis more tmal 
would be r(Mjuire(l to •iciuu’atc* the output of 20,0()() 
milli(Ut units sold in 1925 at tin* lower efficiency, 
than has been re(piin‘d at the higher etHicicncy 
now jraiiK'd, iMpiivalent to a diff(‘rence in cost in 
that year of over ,£7,000,000. 4’ he average ini- 
provement has therefore been about £700.000 per 
annum, and if the res(\Ti*ehes are credited witli 
only iO per cent, of this sain, the annual advance 
alojie exceeds the total annual ox])endilurc of the 
Association on all its researches. 

Investitratioiis are beinj? undertaken to develop 
methods for the detection of incipient breakdowns 
in electri(!al insulators, the object beinj," to develop 
a means which will enable weak spots to be detect- 
ed liefore breakdown occurs, thus avoiding: inter- 
ru])tions to service. 

Other Points from the Report 

Over half a million clinical thermometers were 
tested at the Nalioual Physical laboratory during 
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the year and 7,000 theniionietcrs of other ly|M*s. 
The Seieiilific Instruinent Research Assoeialioii 
has carried out on hehalf of a ineml)er Hrm an 
investiji’atioFi iiilo 1h(‘ host form of “ lensinu ” 
of clinical thermometers to enable them tti he 
easily read. 

Measurem<*nts with tlu* noist* mea.surinu 
apparatus <leveIo])ed at the National Physical 
Ijahoratory have h(‘en ma<le on motor vehieh‘s mi 
hehalf of a Committee of tin* Ministry of Transport. 
Results have led the Committee to re<*ommeml 
that a noi.se level of 90 ]>hons should not he ex- 
ceeded hy any n(‘w motor vehicle otTered for .sale 
or for use on the luihlic highway. Measiiremenls 
for the Home OHice have been made of the loud- 
ness of certain |)ortahle sound-makinji instruments 
intended for use as local alarm signals in eonnec 
tion with air I'aid precautions. Durinu the year 
the National Physical Cahoratory verified the 
electrical m(‘asurin‘* e(|uipment used in testinj^ a 
generator of 100,()0(l kilowatts, the larji<‘st 
instalh'd in this country. The current involveil 
was msii'ly li.OOO amperes and the accuracy attain- 
ed in the tc'sts was as hiyh as in the imsisiirement 
of smaller currents. The standard (dock at the 
National Physic'al Laboratory has reached a .sta*»c 
at whi(di its daily rate has been constant for a 
year within one-fiftieth io one-thirtythird (d* a 
.second. A |)recisioii of on(‘-Miousandth of a .second 
is attained for a wc(d^ or ten days. 

Tests in wind tunnels s\i«'^est that with aero- 
planes Hyin^^ at a speed considerably below that 
of sound (SOO miles per hour), a shock wave 
is likely to be develo])(M| which will exerci.se such 
a draf»* on the nuudiine as to set an almost im- 
passable limit to the s])eed of Hijiht. 

Tlie trouble arisin^i: fi’om the dust raised when 
coal is flisturbed can be prevente<l by sj>rayinj»- 
the coal with small (juantities of a suitable oil. 
It has been found that the process is applicable 
to Uritish coal which, in some cases, can be treated 
at the pit head at a cost of about (id per ton and 
would then be dust-proof for comparatively loi^tr 
periods. 

The. complete |?asification of coal in water-jfas 
plants ill which steam is passed over the heated 


coal is beinj*- studied at the Puel Research Station. 
The method has proved successful with low volatile 
South Wales coal and yields a mixture of jjases 
from which motor spirits can be synthesized. The 
method also provides a m(*ans of cons(‘rvin}.i’ valu- 
able cokiny; (‘oals. th(‘ su|)ply of wliieh is limited. 

The Puildiim R(‘search Station is now takinji’ 
u]) the ])roblem of ventilation of buibliims and 
methods and instruments have been d(*veloped 
which will he first used in carrying- out ventilation 
surveys in existinjr buildinws. The extent to 
whieh a wall admits or excludes heat and there- 
fore its (dVeet n])on the amount of lu^at reipiiriMl 
to keep the room warm is beiny; investigated, for 
ilifferent types of wall, in six chambers of S ft. 
cube pla(*ed side by sid(‘ with one wall of each 
facinjr north. T(‘sts aia* hciim‘ madi' first with 
three 9 in. solid walls and three cavity walls all 
of Pletton bricks arranged alternatively. 

Synthetic resins have hecn produced which 
have the pi'opcriy of removin**- small (piantitics 
of materials from water pa.s.scd throimh them. 
The possihilities of usiny these rcsiiis for the re- 
moval of boron and fluorine from natural waters 
is under invest iyat ion. P>oron, the r(‘port states, 
to the (‘xlefit of a few parts per millimi in water 
list'd for irrigation is d(*trimental to tlu* }»rowth of 
certain crops. With ri'^ard to Unorinc. rt'ccnt 
.Mirv(‘ys in different jiarts of the world have 
indieatetl that fluorine in di'inkinji water to the 
(‘Xtciit of «»ne part per million causes the dental 
defect known as mottb'il enamel. 

A machine has been developed by the Klour 
.Millers Research As.soeiation for mcasnrin**: and 
rccorilinji- »'ra])liically the bakiny’ (jimlitics of flour. 
A precise picture «)f the way tlie doimh behaves 
at all stajr(*s of fermentation, ineliidiii*’: the effects 
of a baker’s manipulation may be obtained willi 
this instrument. 

Kxpt'rimenls earrit'd out in eonneetion with 
lubrication research indicated that imlishinj*- is not 
due to meehaiiieal abrasion hut to a hi;^-h tempera- 
ture softeiiinj*' or melting’ of the solid which is 
smeared ovei* the surface and (piickly .solidifies.* 

• Suiniiiury of ihc annual n^port of the Departmeiu of 
Scicnlilu* an. I Irnlnstrial Research for the year 
Puhlished hy H. M. S:.atinnpry OHice. 


517 


Vol. III. No. 10 
APRIL 1038 



Development of Irrigation Research 
Institute, Lahore 


N. K. Bose 

OtTiciatinx Director, Irrixatiun UeHearrh Institute. Dahore. 

[In ricrc of tin- (lixcii.S 6 i<nis (johuf on in iln‘ count Ftf 
rcf/urdinff the dcsiraidiitif of opcnhiff River Phifxics 
I.ahoratories, the. fottotvintj account of the circurnxtances 
ichich led the Pun jali (itwernment to develop its River 
Ph If sics f,al)ora lories iciil prove inlereJttinff. Dr X. K. 
Rose is the present ojjiciatintj director of the lahora- 
torif.- Kd., Sc. Cul.\. 

In cvt'ry rouiitj'y wIicit in*ij»;irK>n lins 

])ccn applied to lands that iis(*d to roeeive no arti- 
ficial irritiation (ir ofdy innndalion irri<<ation ])it- 
viously, deterioration of land due to rise of salts to 
the surface or due to waterlojijiiuji* has set in (land 
which has lieen j^iviiift’ j^ood crops and hrin^iny a 
J 4 ’ood return to the cultivator Ix'coiues I’sar i.e.. 
laden with wldte deposits of alkalies; — in other 
cases, they hecome marshy). Puujali has l>een no 
(‘xee[)tion to this. Shortly after canals were 
opened, indication of waterloji^in^' and thur a])- 
I)eared on tin* surface. The evil of watcrlo»«»inf»: 
w<Mit on si)rea<lin‘»' and hi'came very serious in 
1920 . There were complaiids from the public and 
from the civil authorities. Several meetin»»s and 
confer(*nces of (*ivil and irrijiation officers were 
field to discuss the situation and devise methods 
of overcomirm the trouhh*. A \Vaterlo^}.»in^ Kn- 
cpiiry (.’ommittee consisting of one engineer, one 
scientist, and one revenue officer was ultimately 
api)ointed hy the tlovernment to prepare an esti- 
mate of the area damaged, investijrate the causes 
and advise tlie (lovernment on the most suitalde 
measui'cs to ho a<lo])t(‘d to arrest further rise of 
the water-tal)le. This (kimmittee formed the 
nucleus of tlie present Jrrij»ation Keseareh 
Institute. 

The scientific niemher of the Committee insti- 
tuted a series of investigations on the causes of the 
rise of the wat(*r-tahle and also on the immediate 


etTeet of lids rise on the soil and the agricultural 
practice of tin; land. 

It is well known that the causes lhat ])roduce 
the rise in the water table and bring about watm*- 
logging can be traced ultimately to seepage from 
rainfall and irrigation, or seepage from higher 
reaches or submontane districts or from rivers in 
certain months of the year. No (piantitative data 
are available about the (juantity of seepages from 
submontane districts or from rivers. In order to 
devise remedial measures to stop this rise in th(‘ 
water-table and to pri'vmit land from going to 
waste due to watm'logging, a statistical am’!,, sis 
was carried out to find the relative importance of 
the seepage factors from rainfall and irrigation 
in affecting the water-table. One of tlu‘ theories 
to account for watei’logging was the ])resenee of 
an underground rex'k-ridge wdiich extemis from the 
Salt Kange near Khusab on tin* dhelum throiigli 
Sargodha where there are a number of on /c/op5 (/.r., 
rocks ex])os(Ml on the surface) named Kiranas, 
then through Chiniot wheia* the river Chenab 
pas.ses through a gorge, and thmi !u*ar Sangla and 
Shahkot where again this rock-ridge disapjiears to 
reappear near Delhi. The presence of these out- 
crops indicates that this ridge cannot be at any 
great depth and can, therefore, hold up the ffow 
of the subsoil water. A Torsion Balance Survey* 
was carried out during the winters of 1927, ‘28 ami 
“29 to find the position of this rock-ridge ami its 
probable bearing on the waterlogging problem. 

* The Torsion Hrilance is a very sen.sitive instriiiiient in- 
vented by the famous Hungarian scientist Raron voii Kolvos. 
It enables one to find very small variations in gravity round 
about a place. It is very largely used in seismology, and in 
geological pro.specting to locate the existence of hidden 
masses of rocks or minerals. 
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This survey has shown that there is a ro(*k-ri(lf*e 
below the alluvial soil of the Punjab at no jrreat 
depth running- fVoiii the Salt Ranj-e llirouiuli the 
Chaj (the land- bet ween the (Mienab and Jhelinn) 
and Ihe Reehna (the laml between Ihe Ravi and 
Chenab) Doabs most proliably eonneetinj»‘ with the 
Prceanibrian roek system oL‘ the Aravali Ranj^e 
that ends at Delhi. It has ])een found the water- 
table b(‘tween this roek-ridj*e and the foothills of 
the Himalaya Ranjie has risen very rai)idly sinee 
the introduction of the canals in the Punjab. 
This supports the view that the subsoil drainage 
is held up by this rock-rid •.•e not allowing- free flow 
to the seepaf>e water. Recently Pol. Dlennie of 
the Survey of Imlia, has ad<Ied further informa- 
tion rej'anlins’ this ridi'C and its probable effect. 

In order to find the exact mechanism how the 
seepaj»:e water from the natural surface* reaches 
the subsoil water-table, mathematical treatment of 
the subject of subsoil tleivv of water was also start- 
ed at the same time. This has leel to a very 
im])ortant eb'velopment for the desij»n of weirs on 
sainl foundation. In India weirs are freeiuently 
built to heael up sup])ly on the sandy beds of 
rivers. These weirs are specially built masonry 
dams in sand foiimlation, so that w'len the river 
is lieaded u]) to supply the canal sysicm, the 
<lifference in water levels on the upstream and 
downstream side of the weir may be some times 
2<1 to ‘Jb feet. Due to this difference in head, water 
from the upstream side of the weir percolates 
thn)ujih the sandy foundation, transmitting: 
pre.ssure as it flows on the underside of the ma.son- 
ry structure tendinf»' to lift it uj). This has a 
t(‘ndency to make the weir unstable. Moreover, 
if the fall of i)ressure alon^- the line of ttow in 
the foundation sand be very rapi<l, finer ])articles 
of sand will be washed aw'ay by the hij>h velocity 
nf flow leaviiifi: cavities below the W(‘ir structures 
and endanf*erinf4' their very .existence. Weirs ami 
Kails form an important link in the canal system 
of the Punjab. Their safety is a matter ol vital 
importance to the ajiricu Mural ])opiilation and to 
the Revenue Department of the Province. Hence 
this subject of flow of water in a porous mcflium 
such ns sand was first investigated theoretically, 


W'hich show'ed that the niovem(‘nf of water in 
porous medium is similar to the flow of electricity. 
After that, models of hydraulic structures such as 
lloors. weirs and falls were ('onstructed in tanks 
containirijn’ sand in the Hydraulic Laboratory. 
Later, in the Physics Laboi’atoiy it was show n that 
the laws of tlow' of w’atcr in sand derivctl in the 
Hy<lranlic Laboratory W'crc identical with tho.se 
j»overnin^ the lh)w of electricity. This (*oiitirma- 
tion of the theoretical de<luctlons placed a power- 
ful tool in the hands of those investi«atin«»‘ the 
subject. .Mojiels of weirs and hytlraiilic structures 
made of non-conductors w'en* now' made in 
trays, and inst(‘ad of the flow' of water, the flow' 
of electricity under these* models was studieel. 
Results w'(*n* rapidly and accurat(*ly produceel. 
The theoretical in vestigial ions wt*re then further 
verified bv mode*! ex])eriim‘nts su^jiested in con- 
sultation with an en«;ineer office*!* and com])lete 
rule's ji-ovei'ninji’ Ihe safe d(‘si«in eif w'eirs on sjinel 
foumlations have now* bee*!! fe!r!iiulated. This 
show's the r(‘sults to be e)btaine‘d by the scie!itist 
and the enjii!ieer w'orki!!**' i!) e*e)llabor!itie)!!.* The 
re‘conditle»!ii!m* of Mjirala Weii* i!i the Punjab a!iel 
of the* Damoelar ( A!»elerse>!i ) We‘ir i!! De!I^^al have 
b(*e!i baseel o!i the*se* re'sults. The Tri!nmu Weir, in 
co!i!iectio!i w'ith the Have‘li Pi'e)ject- a project for 
irrij»atinj; se*ve‘i*al hunelre*d thousand acre's eif ariel 
lai!el !i('a!* the* ju!i(*lie!!i e)f the* Khe!Uil) juid Jhelu!ii 
1!) the* Punjab -is beiiij»' elesi^iU'el le) confe»rm to 
the* rule's which have* be*en laiel de)W!i. It is co!i- 
tide*i!tly e‘xpe*cte*el that we*irs ele*si«i!ie*d to the !!e*W' 
principle's will !iot be s!ibje*ct to the* e*xpi*nsive 
failure's which have occ!irred i!i the past. 

.\s it has be'en j)oi!ite*el euit bi'feire, se*e*])ay:e from 
e*ai!als is one of the facleirs responsible* for wate*r- 
lojTjiiim’ a!!d its preve!ition has b(M*!i U!ider investi- 
fratioi! for some time. The ])r(K*e*.ss i!ivolve*s the 
tre*at!iie‘!it of the* soil formi!i)i- the ))e<l e)f the e*anal 
with sodiii!ii e*arbonate. It has bee!i foinnl i!i the* 
Labe»ralory that the lre*ate<l se»il be*e*o!ne's i!iiper!no- 
able ami co!iseep!e!if ly the se*e‘i)ayo whie*h take's 
])lae*e thre)U''h the beel will be* re*<lue‘eel. This 
tre*atment e)f seiil ca!i also be* ji])])lied te) the manu- 
faetu!*e e)f bricks. It has been feuiml that 

* It may luit t)t* out of place to remark liere that the 
credit of this achievement j;oes to Mr. A. N. Khosln, engi- 
neer, Dr. N. K. Bose, and Dr. Mackeny.ie-Taylor. 
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bricks made from soil treated with sodium carbo- 
nate are harder and less porous than those nor 
mally pro<lucc<l. This may lead to important 
economies in the construction of masonry works 
and increases considerably the life of the bricks in 
salt-afTeeted areas. 

Keclamalit)n of Thur land has been one of the 
most important lines of work earried out by the 
Jnstitute since it was started. The prevention of 
fleterioration of j^ood soils and the reclamation of 
deteriorated soils have been intensively studied. 
One of the first imints to be settled was what eon 
stituted the first siyiis of deterioration in a soil. 
This question was solved by examinin**- an exten- 
sive series of soils tyivin”; various yields of the same 
crop and determininjif their character. Krom the 
information so accumulateil it is now possible to 
delect deterioration in its early sta«:es and prevent 
its increase. .As a result of experimental work it 
is also possible now to determine the sta«:e id' 
deterioration, to su^t^vst means for the reclamation 
of deteriorated soils and to stale which soils have 
deteriorated to such an extent lhat their reclama- 
tion is not economically possible. 

As the activities of the Institute developed it 
has been consulted on various other problems now' 
directly connected w'ith w'atcrloj^^injf but of very 
jrreat im])ortance to irrifiation engineers in the 
province. One of the subjects that have freipient- 
ly been referred to the tiistitute for experimenta- 
tion is to devise methods for preventinj; scour* 
below falls. Hence model work in the Hydraulic 
Laboratory has also been developed to study the 
flow over w'eirs and falls. .A heavy item in the 

* This term is used to denote the erosion of soil round 
the bases of stone or brick piers on which a bridge rests, or 
ero.sion in the .soil b^low a weir. Scniir i.s the great terror of 
river engineers. On account of scour in ia32. the Hardinge 
Bridge was end ingered in 1932, ainl the ('loverniiieiit 
of India had to spend crores of rupees to strength- 
en the piers. The ‘.Scour’ is due to eddy motion which deve- 
lops round an obstruction, which lifts the earth, or stone 
dressing round n pier, and carries them to a distance. If 
the Indian Government spent some money on researches in 
Scour problem when the Hardinge Bridge was constructed, 
several crores of rupees could be saved. Ed.'— Sr. & Cut. 

BClKJi CE I 
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maintenance of weirs and falls is the annual 
repairs necessary downstream of these structures 
due to the scouring action of the water. Staggered 
blocks have been designed which throw the jet 
of water doing the damage from the bottom, to 
the surface. As a i-esnlt the scour is considerably 
mluced, the weir is made much* safer and the 
ammiul .spent on annual repairs becomes small. 
Ill one instance of a large weir fitted with these 
blocks, the annual repairs amounling to an 
average of Rs. 72,000/- have been reduced to 
nothing for the past two years. 

A further subject of considei*abl(‘ importance 
to which attention is being paid is the control of 
silt in canal systems. Tin* sucitss of a canal 
.sy.stem from the engineer’s point of view di'pcmls 
largely on the best method of controlling silt entry 
at the heailworks. Very few canals arc entirely 
free from troubles W'bieh cannot ultimately in- 
traced to bed silt. The raising and setting back 
of banks, pitebing. staking and bushing, sill 
clearances ami remoilelling of ehaiuuds ar(‘ all 
direclly allribntable to silt. Sliulies have been in 
progress for some lime lo determine tlu- effect of 
silt on the shape and slope of a channel. The 
inve.stigations have now' reaehed a stage vvhmi the 
theorotieal treatment of the results is in progress 
and it is hoped soon to formulate rclalionshi))s 
betw'cen the size of the bed silt and other liata 
w'hich determine eaiial design. In addition to the 
dejerminatioii of the relationshij) betw-een sill ami 
ilcsign, methods for the exclusion or ejection of 
harmful silt froi - a canal system have also been 
studied by means of models. The river, the bead 
works and a portion of the eaiial are modelleii and 
sill movement both into and in tin* canal arc 
studied in the model. As a result it lias been 
po.ssible to design silt excluders and ejectors which 
work efficiently. In one instance, the sill (‘j(‘ctoi 
has ejected over o million cubic feet of harmful 
silt in a working season at no cost. If this silt 
hail rcmaiiicil on the canal lied il would have cost 
Rs. 40,000/- to exeavate, or other maintenance 
charges to deal with the trouble would have b(*en 
increased. 

Models of rivers for the investigation of train 
ing and protection works have also been stndie<l 
in the laboratory and on a larger scale at 
Malikpur. Before the introduction of model w'ork 
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of this typo, till* d(‘si};]i of training'’ work was laiw- 
ly a iiiattor of personal opinion. It is now possil»lo 
to tost various siiji'^ostions and improve uxmn them 
so that these expensive works ean now he eon 
striieted witli the knowled^^e that they will fulfil 
the purpose for whieli they are designed. 

The above ‘•ives a summary of the various 
aetivities of the Irrigation Keseareh Institute as 
at present eonstitiited. Experiments are mostly 
eondueted under the following: seetions — Land 
Ileelamation, fhemieal, Physieal. llydraulies. 
iVfathematieal, Statist ieal ami (leneral. IWsides 
these there is a Kiver Model Station at Malikpur 


where l)i}» size<I models are invest if»‘a ted, and more- 
over at all the lieadworks in the Punjab there are 
laboratories dealinji' with silt entry into tlie eanal. 
To investifrate the movement of silt and reoime of 
eanals a s(|uad of overseers are stationed at various 
branehes of the eanal system. 

It will be seen that the Heseareh Institute as 
at present eonstitiited with its various aetivities 
in the laboratories and the field forms a most 
uni<iue institution <»f its kind in the whole world, 
and the reeord of its aehievements in the past 
deeade of its existenee justifies the faith reiiosed 
in it by the (jovernment and the i>ublie.* 

* A Hroailrnst Talk from llic All-Imlia Radio Stalioii, 
Lahore, on the 2Stli <»f I‘ebruarv 


Hindu Mathematics 

A. N. Singh 

Lecturer in Matnematice, the [inivvrMity, Lucknuw. 

Introduction 

Little is known I’e^ardin?*' the ina^iiiitude of 
the debt that mathematies owes t(» the genius of 
the Jlindus.’ It is, however, ‘»enerally u<lmitte<l 
that the basis nn whieh oiii* present-day 
mathematies has be<*ii built up was ti'ansmittetl to 
Europe by the Arabs, who in their turn iia<l 
aequired their knowledfic from India and (Ireeee. 
Ibit what was tlie state of mathematical knowledf^e 
ill India had not been eompreheiisively set fjirth 
until (piite recently.*'^ In the followin;^' an attempt 
is made to nivo in brief, avoidiiijr c'ontroversial 
matter, an account of some of the main mathemati- 
eal achievements of the Hindus. 

*The term Hindu iiieuns the inhulntaiit ol India and 
has nothing to do wiUi religion. 

*The reader will find a detailed account of the inathe- 
nntical achievements of the Hindus in Datta and , Singh, 
History of Hindu Mathematics^ Parts I (1935), II {PHrj 
•md II j (to appear shortly), I mhlisiied hy Motilal Uanarasi 
Has. Lahore. 


Method 

For a true understanding of these aehievements 
it is necessary that the reatler should have 
some understanding of the ITiiidu mind — the 
methotlology and philosojihy it worked out 
for itself. The Hindus aimed at perfection and 
generality and to achieve those tliey appear to 
have relied more on intuition than on deductive 
and empirical methods. This attitude of the 
Hindu mind is evident in their seientifie literature 
in general and their mathematical works in parti - 
eiilar. In aritlimetie the Hindu authors contented 
themselves with giving only the rules and formulae 
for solving problems, witfiout attempting to give 
demonstrations or proofs. In geometry they 
possessed most of the important theorems relating 
to the properties of triangles, quadrilaterals and 
circles, hut they never attempted a logical exposi- 
tion of the subject as the (Ireeks did. In their 
algebra, however, the formulae arc in general 
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followed by deiuoiistratioiis. Thus the statement 
made by some that the Hindus never ^ave any 
proofs of results is untrue. The alisenee of proofs 
in tile Hindu works on Paii^anila (arithmetie and 
mensuration) is ])artly justified by our arithmeties 
of today whieh do not aiv<* loyieal imoofs for the 
validity of the various rules and proeesses of 
arithmetie. It is possible to write an arithmetie 
whieh woul<l be as lo^ieally perfeet as, say, the 
Klements of lOuelid, but sueh an ex])osition w^ould 
be utterly unsuited for use in our sehools. 

Of the Himlu Ramanujan, the jireatest 
matliematieian of modern times, it is said that he 
found out results by some .sort of intuition that 
he had the peeuliar yift of seeing them. He wrote 
down all these results and sui)plied proofs of some. 
It may be that the jireat Hindu mathematieiaiis of 
l)y*«one a^es san> the results, but at the same lime 
it must be admitted that they eould and (Tnl supply 
the proofs of those results. Althoujili lo^ie is one 
of the most important of the tools for arriving; at 
tlie truth, it is not the only one. 

Arithmetic ; Numeral Notation 

Ten has formed the basis of numeration in 
India from the earliest known times. In faet, 
there is absolut(*l.y no Iraee of the extensive use of 
atiy other base of numeration in the whole of Sans- 
krit literature. It is also eharaeteristie of India 
that there should be found at a very early date 
loujy: .series of number Jianies for very hif^h 
numerals. Whib* the Hreeks had no terminolojry 
for denominations above tlie my^riad (10^) and the 
Romans above tin? tnillc (10‘), the aneient Hindus 
dealt freely with no less than eijihteen denomina- 
tions. In the Lalilavisiarat a JUuldhist work of the 
first century, we find a list of denominations 
eiiouj^li to count up to 10’\ Later on this .ser- 
ies was eoiitinueil to count up to .10’^". The 
literature of the Hindus abounds in larjre numbers. 
The bi^j»:est number used is probably the period 
of time known as the SirsapraheWid. This number 
is stated to be so larye as to occupy 11)4 notational 
places. Jt is (S,4()(),00())“\ It was the early use 
of sueh biy- numbers that nece.ssitated the coinin>»: 
of a series of denominational names increasin**- in 
{geometrical pro^re.ssiou by multiples of lU or 100. 


The importance of these number names cannot 
be exa{;{^erated, for the decimal place-value nota- 
tion, or its equivalent variations, the word- 
numeral notation or the alphabetic notation of the 
Hindus is the lo{>ieal outcome of a .series of number 
names proceedinj* ])y multiples of 10, For, in.stead 
of sayiny: four thou.sands three huudre<ls two 
tens and one, one can say four — three two — one 
(or one — two -three four if the lower denomina- 
tion is to be stated first). This is exactly what 
the Hindus did when they employed the word- 
numeral notation or the alphabetic notation. In 
the former notation 4T21 was written as candra- 
l(ara‘rama~veda ( where candra = 1 , kara ' 2, 
rama — .*], vet/a" 4). In the alphabetic notation 
the .same number was written as }(a-ra-ba-va (or 
va-ba-ra-ka) where /fa— 1, ra 2, ba~''^ and va--4. 
rnstances of the use of th(‘ word-numeral nota 
lion are found in the fourth century, while the 
alphabetic notation can Ik* definitely traced back 
to the fifth c(‘ntury. 

Xunu'rical si^tis ace lU’obably as old as writin}^ 
itself. S])ecial si^iis for all flenominal ions (units, 
tens, hundreds, thousands, etc.) were devistsl and 
Tised for the writin{>’ of numbers liefore the inven- 
tion of the zero and tlm idace-value principle. 
The invention of the zero < 1 the u.se of the place- 

value principle have {»rea ***** 'vriliii^'- 

of numbers and as suclj ^ .^^‘<nonsible for the 
<levelopment of mat Ik . ^ ‘ ^^^“jhese may bi* 

classed with the greatest am. , * most us(‘ful 

''* 1 ' 

inventions that the human race has made. The 
claim of the Hindus for the invention of the zero 
and the place-value principb*, so far as the ileci- 
mal .\v.slem is concerned, is beyond (picstion. 

1'his notation which has been adoptetl by the 
whole of the civilized woi’ld was perfected in Indi;i 
about the be{»’innin{? of the Christian era. Tlie 
symbol sunya zero occurs in the Pineal a 
Chandah Sutra, a work belon{»inK' perhaps to the 
third century The Bakhshali Manuscript ic. 

200), the Surya-siddhdnta, the Aryabhatiya (499). 
the Panca^siddhdntikd (505), and all later mathe- 
matical works u.se the place-value numerals. In 
fact, no mathematical works exist, which do not 
u.se these numerals. The earliest episraphic use 
of the numerals is found in an inscription of 59o 
A. I). We find that by the middle of the seventh 
century these numerals had reachetl as far 
east as Oambodia where we find inscriptions <laled 
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Division 


fiOf), 60() and 60H of the J^aka era (‘orrespoiulin*/ to 
6S4 and 686 A.D. In the West, the fame of 
these nnincrals appears to have reached Siyria, 
for they arc lueiitioned l)y the ’Syrian scholar, 
Severus Sebokht (c.650).® 

Multiplication 

The Hindus employed several methods of 
multiplication. Of these I shall mention two: 
(/) Kapaia-sandhi niethod and (ii) sthana-l(handc 
method. (/) In the, Kapaia-sandhi (“door-junction**) 
method the multiplicand and the multiplier are 
arranf^ed as in the junction of a door and the 
method proceeds as below : 

Ex. To multiply 135 by 12. 

The nnmhcTs are placed as 

Multiplying 12 liy 5 ami setting down llie lesult hel(»w 
^e have 

1 ^ 

The multiplier is moved one place to the left, thus 

Multiplying hy 3, adding the result and then moving 
12 

the multiplier wo have 

Then, after multiplication by 1 and addition as before, 
w'e have 1b20 as the result. 

This method was performed on a pad 
(“ wooden-board ”) by means of a piece of ehalk, 
and figures were nibbetl out and new ones substi- 
tuted in their jilaees as the work proeeeded. 

There were several variations of this metlnnl. 
Ill Arabia the method oeeurs in the works of Al 
Khovvari/.mi (825), .\I iVasavi (1025), Al Hassar 
0175) and several others. It was railed hy Al 
Nasiivi “ tarik al hindi ’* (the method of the 
Hindus). In Kurope it oeeurs in the works ot 
Maximus Planiides.*’^ 

(if) The sihdna~l(handa method is the same as our 
present method. Ilhaskara II (1150) deseribes it 
thus: 

“Multiply separately by the ])lacrs of figures and add 
together.” 

The method oeeurs in all the llimhi mathe- 
•natical works from Hrahmagupta (628) onwards. 

•Datta and Singh: History of Hindu Mathemalica 1 
(1935) Chapter i. 

•See Datta and Singh, l.e. pp. Hif. 

523 


The modern method of long division is of Hindu 
(»rigin. It oeeurs in all the treatises of the 
Hindus. ThnsSridhara (750) says: 

“Having removed the common factor, if any, from the 
divLsorand dividend, divide by the divisor the digits of the 
dividend one after another in the inverse order.” 

Extraction of Roots 

Methods of extracting sejuare and cube roots 
are found in the Ary^abhatia (499) and all later 
works. Our modern methods arc (‘ontraetions of 
Ar})abhata's methods.'’ The Ilimlu methods travel- 
led to Kurope through Arabia and occur 
precisely in the same form in the w'orksof Peurbaeh 
(1423-Mfil), Chuquet (1448), La Roehc (1520), 
Cataneo (1546), and others. 

The Rule of Three 

The Kule of Three owes its origin to the Hindus. 
In India it was ealleil IraiVdiiVfa, which translated 
literally means *• three terms.** Thus the name 
of the ))iethod in the Knro])ean languages is a 
translation of the Sanskrit name. The rule was 
stated by Aryabhata I (499) as follows: 

“III the Rule of Three ihv.* phala (“fruit”) being multi- 
plied by the icchu ( “rctjiiisition” ) i.s divided by the 
pramana { "urgiimenl” )’ . 

All other Hindu wi-ilers use the same termino- 
logy and state the rule in similar words. Arya- 
bhata II (950) uses a different terminology. He 
says : 

“The first icriii is called iniina, the middle term vinimaya 
and the la.st one icchd. The first and the last are of the 
same denominatum. The last multiplied hy the middle 
and divitled by the first give.s the result."* 

With the above may be compared the following 
statement of the method given hy Digges (1572), 
an English writer: 

“Works by the rule ensueing Multiplie the last 

number by the second and divule the product by the first 
numher".....‘Tn the placing of these numbers this must he 
observed that the first and third be of one dcnoiiiination.” 

•/ftid, p. 205. 
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Problems** 

Many of the prolileins of our present arith- 
metic are of Hindu oritrin. I shall (piole two 
typical problems whose solutions were {riven by 
Brahma frupta (fi28) : 

(1) In what time will a {riven sum a, the 
interest on which for I months is r, become k 
times itself ? 

(2j In what time will four fountains. bein{r 
let loose to{rether, fill a cistern which they woubi 
severally fill in a day, in half a day, in a quarter 
and in a fifth part of a tlay ? 

Algebra 

It is {generally admitted that the science of 
al{rebra owes its ori{riii to the Hindus. In this 
science the Hindus made remarkable progress at 
a very early date. The essence of al{rebra 
consists in the use of symbols, i.c., the letters of 
the alphabet to denote unknown tiuantities, just 
as the essence of our arithmetic is the place-value 
notation. The Hindus were the first to make 
systeniafic use of letters of th^ alphabet in their 
algebra. For this purpose they used the Sanskrit 
letters ya. I(a, ni, etc. This use can be definitely 
traced back to the fifth century. 

Name 

Brahmagupta (028) called algebra Ifuitaka 
ganila or simply ^u/Za/^a. The term k^itaka meaning 
“ pulveriser refers to a branch of algebra deal- 
ing particularly with the subject of indeterminate 
equations of the first degree. Tt is interesting to find 
lhat this subject was considered so important by 
the ancient Hindus that the whole science was 
named after it. Prthudakasvami (950) u.ses the 
term btjaganiia for algebra. Btja means element^* 
and also “ analysis ** and ganiia means the 
.science of calculation.*^ Hence btjaganiia literally 
means “ the science of calculation with elements ** 
as opposed to numerical calculation, or “the 
science of analytical calculation.** All later 

•For references sec* Datta ami Singh, /.r., p. 222 and 
p. 234. 


writers use the term btjaganiia. Sometimes algebra 
was called by the name avya^Za-ganiZa, l.c., “ the 
science of calculation by the unknown.** 

Determinate Equations 

Brahmagupta used the terins sami- 

Ifarana {“ making equal ’) (»r more .simply sama 
(“ equation **) for equations. It thus appears 
that our present term eciuation is a translation of 
the Ilimlu term. 

The geometrical solution of a linear ecpiation in 
one unknown is found in the Sulba siitras of 
Baudhayana (c.800 B. (M A number of linear 
equations are found in the Bakhshali Manuscript. 
They are solved by the method of “ false posi- 
tion.** In the works of later Hindu mathemati 
cians beginning from that of Aryabhata I (499), 
the solution is algebraic. It may be mentioned 
here that the rnie of “fal.se position ” does not 
occur in Hindu algebra, as the Hindus possps.sed 
a well developed algebraic symbolism at a very 
early date. 

The Bakhshali Manuscript as well as later t realises 
contain linear equations of the form 

x,-t-X 2 Oi; x. 2-4 X;{~a 2 ; x„-}- 

which .seems to have been very popular. 

Quadratic Equations 

hi the ^ulba sulras we come aeims I he (piadra 
tic equation 

iV I ix -:7A fm 

with its approximate solution given by Katyayana* 

as X*= l-| 'ni 
7 

The general solution of the simple (puidralic 
ecpiation 

4/i-' 4dh= c^ 

is found in the early Jaina canonical works 
(500—800 B. C.), and also in the Tatvdrthddhigama 
sutra^ (c. 150 B.C.), as 

A formula for determining the number of 
terms of an arithmetic series whose first term 

’Datta, The Science ot the S*utba, Calcutta, 1932, p. 

•Datta, Quellen und Studien zur Gee. d. Math, 1931, 
pp. 245-54. 
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(a), (.'omnion difference (b) and sum (s) are 
known, is found in all the mathematical treatises. 
The Bakhshali Manuscript^ i»:ives the solution as 

V Sts f (2a - 1 ) ■* — ( 2a - t ) 

“ 2F 

Aryabhata 1 (499) j^ives the result in the Form 

_V«fc5 M2a-t)’^-2a ^ 
n- rl,- 

Brahmagupta (62S) states the solution oF the 
equation 

ax^ -f bx • - c 

as follows : 

“The quadratic : the at).solute quantil)' luultiplicd by 
four limes the coefficient of the square of the unknown is 
increased by the square of the coefficient of the middle 
(i. e„ X.) ; the square-root of the result being diminished 
by the coefficient of the middle and divided by twice the 
coefficient of the square of the unknown, is (the value of) 
the middle (t. x)’”'* 

The method by which the above result is 
obtained was explained by Sridhara (TrdI) thus: 

“Multiply both the sides (of the e<]uatioii) by a known 
quantity equal to four times the coefficient of the stjuare of 
the unknown ; add to both si<les a known (juantily equal to 
the square of the coefficient of the unknown; then (extract) 
the square root". 

Writing the equation as 

ax^ \ bx--c, 

we have 

4aV I- 4a6x lac, 
or (2ax I h 4ac 1 b'^. 

Therefore 2ax l b - ±V^4ac fb^ 

: V4flc \ b'^—b 

giving X ^ 

The original treatise of Srulhara in which the 
above rule occurs is lost. The rule is, however, 
preserved in quotations by Bhaskara II, by 
Jnanaraja and by Suryadasa. It is dilTicult to say 

•Folio 65 verso, continued on folios 64 recto and 56 recto 
and verso. 

yBrahma-sphuta^siddhanta of Brahmagupta ed. by 
Hvivedi, Benares, 1902, xii. IS. 


whether Srulhara usetl both the signs of the radi- 
cal or not. There is, how'ever, definite evidence 
of the us(* of both the signs of the radical by 
Mahavira” (SoO), who gives the solution of the 
equation 

{n; h)x^ ■- .#• + r 0 

ftlji ± y'(hla - 4r )/>^ 

Various problems involving simultaneous qua- 
dratic equations of the following forms are found 
in the works of Bindu mathematicians; 


(il ’-’"f 

xy =b 

.... xlj»-a 

XJ, -b 

. t 

xj) b 

x“ 1 J,*---c 
x-hj-a 


Aryabhata I (499) gives (/) and (iv), Brahmagupta 
(()2H) gives (/), (m)and (iv), and Mahavira (850) 
gives all of them. These equations are also 
foumi in the works of later writers. 

The etjuations 

x^ y- ■ m x^ p‘ —m 

X y - n X F y p 

were given gresit prominenee ]>y all Bindu mathe- 
luatieians. lirahmagqpta gives to the process 
the name visama Ifarana. 

Indeterminate Equations of First Degree 

The earliest Hindu algebraist to treat of 
indeterminate eij mil ions of the first ilegree, as far 
as we know, was Aryabhata I (499). Be gave a 
method fur tinding the general solution in posi- 
tive integers of the simple indeterminate eijuatiun 

by— ax=c 

for integi’al values of a, b. c and further indicated 
how to extend his method to get positive integral 
solutions of simultaneous indeterminate equations 
of the first degree. Bhaskara I (522) showed 
that the same method might be applied to solve 
by — ax~ c and further that the solution of this 
equation would follow from that of by— ax--l. 
Brahmagupta and later writers simply adopted 

^'Ganita-sara-samgraha of MahAvira,iv. 59. Also iv. 
57 ; iv. 61-4. 
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the niothods of Aryal)hnta I and Bhaskara 1. 
About the iniddlr of the tenth eentiiry Aryabhata 
1 1''** improved tliem l)y pnintin*; out how the opera- 
tions ean in e-itain cases be abrid«e<l cioisider- 
ably. Ife also noticed the eases of failure with 
respect to the (‘(juation of the form bx a]f I c. 
Those results rea|)|)(‘ar in the works of later 
writers. 

Problems for whose solution the ancient Hindus 
invest ij>ated indeterminate eciuations of the first 
doiiree may be classified into three varieties. The 
problem of one variety is: to find a number (N) 
such that, if a, b, Ri and R. are «iven, 

N - ax I — fey -b 
Hence ax — byf~~(R 2 — R\) 

or ax — b}f — c, 

where e — In a problem of the second 
kind we are required to find a number x such that 
its product with a j*:iven number a beinji; inereasetl 
or decreased by another number y and then divid 
ed by a third number P will leave no remainder. 
Tn other words^'we shall have to solve 


axzty 



in positive intejiers. The third variety of pro- 
blems lead to equations of the form 

fljc-hfey' ±c 

The particular ease (ix~fey~ ,-tl was fyiven pro- 
minence and was considered separately by 
Pdiaskara 1, Brahmafrupta and Bhaskara //. who 
showed how the solution in positive intej?ers of 
the j^eneral equation ax b]j=ztc could be derived 
from the particular ease. 

Rules for the solution of simultaneous indeter- 
minate equations of the first <Ieyree are found in 
the works of lirahiiuq^Mipla*’, Sripati’** (1039) 
and Bhaskara II'"' (1150). Such eijuations are 

furnished by problems of the fgllowinj^ type;- 

(1) “(Four nicrcliants) who have horses 5, 3. bands 
re.speclivcly. camels 2. 7, -t and 1 ; niulc.s 8, 2, I and 3, and 

* *For iletails see Datta and Singh, l.c., Pt. It. 

'^Brahma sphuta-aiddhanta, xviii. 51. 

' *Siddhanta Sekhara, xiv. 1.S-U). 

]^Bijaganita of Bhaskara II ed. by S. Dvivedi and 
revised by Muralidhara. 


oxen 7, 1, 2 and i in number, are all owners of equal wealth. 
Tell me instantly the price of the horses,'* etc. 

(2) Find a miniber Af which when severally divided by 

tti, tfj, On leaves remainders Bn re,spec- 

tively. 

Indeterminate Equations of Second Degree 

The e(|iintions 

Nx^ f c^— y', 

and 

were eonsidereil by P>rnhmajrupta ((>28) who esta- 
blished the following lemmas tn obtain their 
general solutions in integers: — 

(i) If X — fl. }f~B be a solution of the equation 

yVxM-t-/. 

and X - o', y — B' be a solution of the 
Nx^ I t' 

and X oB' )f — BD'±Naa' is a solution of the 

equation 

NxH-H'-y’-’. 

In other words, if 

Na' ^k- Ii^ 
and Mi'* f ^'- B* 

then N (aB'H; a'B)- 1 /p/^' -- (BB'-biVaa') 

(ii) If X- (I, y B be a solution of 

Nx^ i k~-f 

then x—2aB, y=B^'bA^a'*' is a solution of 

Nx:^-\-k*^y^ 

(Hi) If x=a, y=B be a solution of 

Nx^-i-k^=V’' 

then x—a/k* \jr=B/k is a solution of 
Nx + 1 - y^ 

The above lemmas were rediscovereti in 
Hurope by Huler in 1704 and by Lagrange in 
1768. 

Brahmagupta’s method for solving Nx*-[ I'-y^ 
consists in obtaining empirically a, k Bbd B, such 
that 

and then using his lemmas to get the general 
solution of yVx* -l 1— y®. 

'*Jh.i, Betiare«, 1927, p. 7b. 
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^ripati*' (1(W9) seems to have lieeii the first 
to ffive the solutions 

• 2ai m- I N 

nr^N nr--N 

where m is any rational niimher. This apjiears in 
the works of. later Hindu mathematicians. This 
solution was riMliscovered in Kuropc hy Itrounckiu* 
( 1 Ho? ) . 

To obtain solutions in t)ositive integers Urahma- 
j»upta us(‘s th(‘ auxiliary eipiation Na^ and 

obtains 

X iaB (fi*- 3) (R^ I I), 

^(R^ ; 2) M {/^-f 3) -1} 

Puttinji* p — aB, and q R* 1 2. we can write 
X- Jp 1 j 

Jf- \q (<7- ’3) 

This solution was ro<liscovered by Kuler. 

Sripati’'' expressly observes that it* t * 1,±2, 
or L4, the roots obtained by |{ralimaj*'flpla'’s 
iiietho<] are inteural, but no method seems to have 
been known to him for findinti' a root of 
Na tir R^ 

It haviii}!' one of the above values. Hhaskara II 
(1150) however, succeeded in evoivinj*- a simple 
method of ‘'ettin^' two inte«Tal solutions of 
the above. This method is ('ailed liy him 
c.altravala (“ the cyclic method Thus Mhaskara 
U succeeded in solvinj* 

Nx^±c V‘' 

completely. 

‘ 'SiddhantaiSekhara, xiv, 33. 
xiv, 32, 


Ithiiskara II also succeeded in- obtaining' the 
•jeneral solutions of the followin'*' ecpiations: — 

(/) ax^ \ bx \ c-=y, 

(ii) ax' I hx } r— ay' ! R}f I D. 

i 

(ill) ax' I by Lc z*, 

(iV) fix' I bxy ^ cy' -z*. 

There arc many otlnu* typ(*s of eijuations that 
o<'<Mir ill flic works of Hhaskara il. These can- 
not b(* mentioned here. Hut befoi*e I conclude 
this topic I wish to point out that lihaskara II 
obtaiui'd the solution of th(‘ double eipiation 

ax'-i by ) c- -/i ‘ 
flX‘ f Ry ~t d 

Ithaskara takes the example 
X- I y - - 1 - u- 
x- y 1 - v‘ 
and jj-ives its solution as 

(4m‘ ' n^)-hr 2r(2nr I m) 

^ (4/u' 1 rd) -r “ (4/n‘' I /i^) - r'^ 

Amur 2.r(nir- rr) 

^ (4m' I n*') ’"(4«|-' i n*)- r' 

where m, ti and /' ar«‘ any rational numbers. 

A particular casi* of the above solution, for 
I’ was obtained by (lenocchi'" (1851). Another 
particular case was solved by K. t'lere-’" (1850). 
.\ third easily deducible solution was j*iven by 
Drummond'^' in 1902. 

'*Monr. Ann. Math. W, SO SS, issi. 

*^Nonv. Ann. Math. .9, Jib- Its, 1S50. 
rntr. Math. .Mmithly. 9, 232, Ih02. 

(To be continued). 
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The Milky Way and Beyond 

A. S. Eddington 

Plumian Profeiisor of Astronomy, Cambridge University. 


I AM to talk to ^vou about the oldest of the 

sciences. If the historians are rijfht, the science 
of astronomy had its be^inniii^fs in Ihe plains of 
Babylon (Chaldea). The knowledge in due time 






Fig. I. 

A Section of the Milky Way. 

spread west to (Ireece and Kurope, and east to 
India. Now East and West are meeting for the 
advancement of science, and our discussions range 
over a multitude of subjects, from the venerable 
science of the stars to the youngest and most recent 
of its progeny. 

In your clear sky, the stars are more brilliant 
and arresting than in the dim skies of my own 
island, and I think 1 may assume that you have 


ail noticed, as one of the striking features of the 
night sky, the irregular band of mis^y light, which 
we call the Milky Way, forming an arch from 
horizon to horizon. Let us see what the telescope 
makes of it. (Fig. 1). 

This is a photograph of a bright patch of the 
Milky Way. Vou see that it is composed of multi- 
tudes of stars. I had almost said Countless 
multitude,’* but it is the business of the astro 



Fig. II. 

The Great Spiral Nebula in Andromeda 
(Mt. Wilson Solar Observatory) 

nomers to count them, and the number of the 
stars visible in the Milky Way is not uncount 
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able, though it runs into hundreds of mill ions. 
Each of these bright points is a star, thnl is to 
sa<y, a body of the same general nature as our Suii. 

We are looking at the Milky Way from insitle 
it forms a girdle around us. Rut lot us, fto- a 
moment, imagine ourselves looking at it from Hu* 
outside— looking at it from some point in the groat 
ocean of apace which envelopes us. If wo could 
attain such a viewpoint we should see the Milky 



Fig. Ill, 

Spiral Nebula on Edge N. (i. C, 4565 (from Sc. Month. 
vol. 44, p. 31, 1*137.) 

Way like a little island of mutter in an ocean of 
empty space — and we should see also that it was 
only one of many islands scattered thinly over 
space like an oasis in a desert of emptiness. 

I am able to show you what these islands look 
like. (Fig. II). 

This, of course, is not our own island but one 
of others, visible to us in the far distance, but 
wc may take it that our own Milky Way system 
would look very similar if seen from outside. The 
spirals will correspond to the girdle of the Milky 
Way and our own position would be rather a 
long way from the centre. (Fig. HI). 


We call these great systems of stars Galaxies. 
For the present I shall speak oidy of the Galax}; to 
which we belong. It is a system numbering pro- 
bably between 10,000 million and 1(K),000 million 
stars— say 20 stars apiece for every human being 
on the earth. That is not the whole universe, but 
it is enough to he going on with. 

When we examine the stars individually we 
find a great diversity. The stars appe«ar to us as 
having all sorts of degrees of brightness; that, of 
eourse, is partly because they are at different 
distances, hut in addition to that, their aetual 
intrinsic brilliance differs widely. Relatively the 
difference of luminosity between the brightest and 
the faintest stars we know is about the same as 
the <liffereneo between a lighthouse and a firefly. 
Some of them have a surface temperature as high 
as 20.000“(’; others not more than .‘h000°(\ Some 
(jf them are pulsating, swelling up and deflating 
with a perioil of a few^ days or weeks, and their 
brightness changes as they expand or collapse; it 
is a good thing for us that our Sun does not behave 
that way. A great many of them go about in 
couples— two stars revolving round each other. 
However, the bachelor stars, like our Sun, are in the 
majority. 

One star, we know, has a system of small cold 
globes — planets- revolving round it. I refer, of 
eourse, to our Sun. It is impossible wdth our 
present means of observation to find out whether 
any other star has a similar system of planets; so 
that w^e have only theoretical probabilities to 
guide us. It used to be taken for granted that all 
the other stars would have planets — that it was, 
so to speak, the main business of a star to give 
light and heat to attendant planets. Rut although 
our eonelusioiis are still very uncertain we are now 
inclined to take the opposite view — that although 
a star with planets may occur here and there in 
the universe it is a comparatively rare development, 
and we should have to make a long search among 
the thousauils of millions of stars in our galaxy 
before finding anything like the solar system. This 
is a view which we owe largely to Sir James Jeans. 
Jt is thought that the earth and the other planets 
are the result of a very rare accident. Some two 
thousand million years ago our Sun nearly came 
into collision with another star. There was no 
actual smash ; the second star passed by and is now 
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far away. Hut as it passed it raised a jfreat Hdal 
wave which broke into jets of matter wdiieh have 
condensed to form the planets. • 

There is a lot of room in interstellar spaee ; and 
notwithstanding the reckless speed of the stars, 
celestial traffic conditions are extremely safe. In 



I'iK. IV. 

I’holo^iiipli of till* Sun tiiki’u in IS‘Lv Auj*. ii. IMarU 
the larj^e sunspot on the S. U. (juaihnnl. The uvea is nniie 
than 2500 millions of sunare miles. 

the whole of its long life-time it is most unlikely 
that a star would collide, or have a close shave, 
as our Sun a])pears to have done. Our Sun was 
one of the few unlucky ones. And the aeeident 
provided among other things a small cool globe 
fit for habitation — where ultimately life of various 
kinds came into being -including astronomers who 
])uzzle their brains as to how it all happenetl. 

1 do not know whether this theory of the birth 
of. the solar system is right ; I state it as the view 
which now seems to be most widely held, but it is 
much more speculative than most of what I shall 


have to tell you. I suppose we all feel a special 
interest in any suggestion astronomy may offer 
as to man’s place in the universe. As I have said, 
we used to think of each of the myriad points of 
light in the sky as a sun giving light and warmth 
to an attendant circle of planets. It seemed a 
presumption, bordering almost on impiety, to deny 
to them inhabitants of the same order of creation 
as ourselves. But we forget the prodigality of 
Nature. How many acorns are scattered for one 
that grows to an oak! If indeed the aim of all 
this evolution is to provide homes for beings like 
ourselves, it would be just like her methods to 
scatter a billion stars whereof haply two or three 
might achieve the purpose intended. 

The Sun is the only star near enough to enable 
us to examine its surface in detail-- so 1 will show 
one or two photographs of it. They will presum- 
ably give a general idea of the conditions in other 
stars; but as I have said the stars are very diverse 
and we must not assume that all stars would look 
just iike these iiieturcs. (hig. 1\' & 1\’ A). 



log. IV A. 

A pliotograjili of the Sun during the total solar eclipse 
of 1027 ---hy the courtesy of the Astronomer Royal. 

Ordinary photographs of the Sun are rather 
dull and uninteresting. 
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At the most they show one or more of these 
(lark patches called sunspots. We learn a jrreal 
(leal more by usin«: an instrument called the 
spectroheliof*Taph which is blind to all lif?ht ex(*ept 
that which comes from a parti(?ular source- a 
particular kind of atom. Here, for example, the 
instrument is set so that it shows only the lijjht 
corninff from hydrofi:eii atoms. (Fi^. V). 



PiR. V. 

Monochrom'itic Image of the Sun in Ha-light, Mark 
two solar rlisturbanees with a spot at the centre. [Photo- 
graph due to G. E. Hale. ] 

The dark marking (at the centre) is a sunspot 
and you see that it is the centre of a whirlpool — 
or rather a whirlwind, because the level you arc 
how looking at is high up in the Sun’s atmosphere. 
There is another picture in the light of calcium 
this time — which shows us a lower level in the 
atmosphere. This photograph is one of those 


taken in India at the Kodaikanal observatory. 

(Fig. vn.) 



\ 


i : . 
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Pig. VI. 

Moiiocliruiuiitic Image of the Sun, taken at the vSoIar 
Oh.servatorv, KojlaiKaiial, India, on .\iig. 10, l‘)l7, in calcium 
K light. Itshow.s the dark and bright floeculi of Ca^ at the 
time of .siinspot maxiniiim. 

Time does not ])ermit me to dwell longer on the 
surraec conditions of llu^ Sun and stars, which is 
nowadays a very active field of research, both 
tlieoretical and observalional. T will say that most 
of the modern work on Ibis subject has its origin 
ill a paper published liy Prof. Saha of Allahabad 
in 1921, which ranks as one of the elassical papers 
of astropliysics. That first gave the key to the 
physical interpretation of the facts revealed by 
the spectroscope. It introduced a method of 
attack, which has been developed and extended by 
many theorists and has guided observational 
researches througliout the world. 

Although the stars are diverse in many of their 
characteristics they are remarkably uniform in one 
respect, namely in mass, that is to say, in the 
amount of matter composing them. I do not mean 
that all stars have just the same mass or that the 
differences of mass arc unimportant— but the range 
of mass is small considering their diversity in other 
respects. A range from a quarter to four times 
the Sun’s mass would cover all but a few excep- 
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lionnl stars. On the other hand, the stars vary 
enormously in size, diameter and volume. Broadly 
speakinf?, a bif? star is bijf, not beeause it contains 
an exceptionally larj^e amount of matter, but 
beeause it is puffed out like a balloon; and a small 
star is small beeause its material is hijjhly com- 
pressed. The two extremes are specially interest- 
in»' the most rarefied and the most condensed 
stars. We find stars which are as rarefied as f^as. 
Oapella, for example, has an averajre density about 
the same as the air in a room. To be inside Capella 
would be like l)cin^: surrounded by air as we 
ordinarily are except that the temperature which 
is about five million dcffrees rentri«:ade, would be 
noticeably <litTerent. Still more extreme are the 
red «iant stars, Beteijieuse in Orion and Antares 
in the Scorpion. To picture Betelj»euse you must 
ima«:inc the Sun swollen up until it has swallowed 
up Mercury, Venus and the Earth and extended 
beyond us nearly to the orbit of Mars.. Swollen 
out in this way the matter is extremely tenuous, 
ami the only thin, we can com])are it with is the fi'as 
in an exhausted vessel like a vacuum tube. Bctel- 
jicusc is what wc should ordinarily describe as 
a rather j>ood vacuum. You see it is a matter <d* 
relativity — compared with the ordinary terrestrial 
standards Betelf^euse is a vacuum; but compared 
with the extreme emptiness of interstellar sjiace 
which surrounds it, I»etelj»:euse is an important 
ajr^n-ej^ation of matter — a star. 

This is one of the reasons why the study of 
stars is important for the advancement of science 
irenevally. It is only recently that we have suc- 
ceeded in jiroducinjr in the laboratory a more 
liijfhly exhausted vacuum than Ik'telfreuse. That 
refers to the averaji:e density of the whole star; 
the outer parts which wc actually see are much 
more rarefied. In the outer parts of the Sun 
and other stars, in the j>aseous nebulae of which 
I will show pictures later, we are observin**' matter 
a million times more rarefied than the hi^rhest 
vacuum obtainable on earth. Our astronomical 
observations, therefore, teach us not only about the 
Sun and stars arid nebulae, but about the physics 
of matter in ffcneral, because we observe matter 
under conditions more extreme than a physical 
laboratory can reproduce. More and more today 


astronomy plays this part of extending the range 
of physical experiments. We wring from matter 
its secrets by subjecting it to extreme heat, extreme 
cold, high compression, high rarefaction, and so 
on. When the limits possible in a terrestrial 
laboratory have been readied we turn for more 
information to the laboratories in the heavens, 
where hotter furnaces and higher vacua are to be 
found, and a vaster scale of experiment is in 
progress. 

I will turn now to the other exti’eme — the veiw 
dense stars. We find certain stars called white 
dwarfs whose material is far denser than tin* 
heaviest substance known on earth. I would like* 
to say a little about the way in whicli we arc led 
to realize this. 

From our general knowledge of physics wc can 
learn a groat deal about the conditions deep down 
in the interior of a stai' although of course we 
cannot directly observe what is happening. Lei us 
for definiteness take the Sun. The temperature 
which we actually observe — the surface tempera- 
ture of the Sun- -is about fiOOO'^C’; but that is only 
the marginal heat of the great furnace, and down 
below it is very much hotter. We find by a not 
very difficult calculation that the mean tempera- 
ture in the interior of the Sun is about fourteen 
million degrees (^mligradc. That sounds ineon 
ccivably hot. But from the point of view of Ihei'ie 
tical physics, it is not really anything to gel 
frightened at, and we can deal with it as wc deal 
with the other big numbers which so often turn up 
in astronomy As a matter of fact the high 
temperature makes the problem of internal slate 
of a star easier for us; it is the low temperature 
which introduces com])Iications and baffles (In' 
theorists. 

One of our chief aims in studying the inside ‘d 
a star is to find out how its brightness depends mi 
the mass and radius. An electrical engineer will 
tell you that to produce a certain amonnt of illn 
mination you must have a generator of a certain 
size. In an analogous way we can calculate (hat 
a star, to produce a given output of light and In al, 
must have a certain size, and must contain a 
certain number of tons of matter. But just as Ihe 
engineer, in order to make his calculations, must 
have a thorough understanding of what goes mi 


SC1£NCEA 

CULTURE 


532 



THE MILKY WAY AND BEYOND 

hiHide a dynamo, so the astrojiomer must have 
ji tlu)rouj>:h undorstandiiij? of what j^oes on iiiside 
a star. 

1 was workinfi’ on this problem between 191ti 
and 1924 aii(i, in the end, I ealeiilated what is 
known as the mass-luminousity relation- a formula 
which shows how the brif?htness of a star depends 
on its mass and radius. The mass is the main 
(letermininji: faetoi-, the radius atfeets the result 
only to a small extent. l>ut I must explain that 
this formula was only intended to api)ly to the 
rarefied stars that I spoke of, because it was 
limited to stars whose material couhl be rej*arded 
as a pei'efect ^as. The theory of a ^as is simpler 
than the theory of liquids and solids. t)ne bejjan 
naturally with stars whose <lensities showed that 
they must be j^aseous. 

When I came to this formula with the observed 
luminosities and masses of stars, the result was 
rather disconcert inp*. If the actual stars had dis- 
agreed with tlie formula well, it would not have 
been the first time that a theory had broken down 
under the test of observation. Hut that was not 
the trouble this time. The actual stars agreed with 
the formula very well. The lro\d)le was that they 
would not stop a«Teeiiij 4 '. It was rij»:ht that the 
diffuse stars should ajiree with the theory . but 
when one (‘a me to the dense stars, they oujrht to 
have shown an independent spirit and refused to 
he treated like a j)erfect j*as. Hut the Sun wtih 
a mean density greater than that of water, and 
t»ther stars with densities yreater than those of iron 
and lead, all af»Teed with the formulae just as 
thuujjdi they w'ere composed of perfect }»:aaes. 

When the stars themselves had called atten- 
tion to this fact, it was not diffieiilt to find the ex- 
]>Ianation. Why is it that we ean eompress air but 
cannot appreciably compress water? It is because 
m air the molecules are far apart with lots of 
empty space between them; when we compress 
air we are merely squeezin}»' out some of the empty 
^pace. when the molecules are placed close 

toj^ether, as they are in ordinary liquids and solids, 
there is no empty space to be squeezed out and 
Ibc material becomes practically incompressible. 
In all substances the limit of compression is reach- 
^'d when the molecules or atoms jam together and 
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cannot therefore be packed any closer. This limit 
corresponds roughly to the ibmsity of the solid 
or liquid state. We had been taking it for granted 
that the same limit would apply on the stars and 
cm the* earth. lUit wc ouglil to have rcnicMiibcrcd 
that at the tcmjmrature of 14 million degrees in 
llic intci'ior of the Sun atoms arc tliorougidy 
smashed U]) -or ionized (to use the recognized 
term). An atom has a heavy central i)art or 
nucleus, surrounded by a widely extended but un- 
substantial slru(*liir(‘ ol elcMUrons — a sort of (‘I'ino- 
line. At the very high temperature inside a star, 
this (‘rinoline is broken up and the elc'ctrons are 
scattered about ail loose. If you are caleiibiting 
how many people can be packeci in a ballroom, 
it niakc's a difference wdiether the ladies are wear- 
ing crinolines or not. So. judging by the eidno- 
linc<l tcMTcstrial atoms, we should iTacii the limit 
ol <'oin])ressioti at cleusitic's not much greater Ilian 
the density of water; but unerinolined stellar 
atoms can be packed much more densely, and do 
not jam until we reach densities far greater than 
the density of water, or Indeed of any material 
met with on earth. 

That them Is tin* rc*ason why stellar matter of 
the density of water and iron behaves in the way 
charaeteristie of maltei* far from the limit of com- 
pression. Such matter is indeed far from the limit 
of compression, which has been put even so mueli 
higher by the breaking up of the outer parts of 
the atom, and so really is a pc'vfect gas; and stars 
of this density agree with the ma.s.s-luminosity 
relation (calculated for a perfect gas. Hut that is 
not all. There is no longer any reason why stellar 
densities should stop at the density of iron and 
l(*ud ; and we might, if we searched, find densities 
transcending that of any thing hitherto imagined. 
That c*alls to mind the Companion of Sirius, a 
faint teleseo])ie star close to the brilliant dog-star 
Sirius which revolves round it. 

There is an indirect method of finding out the 
densities of stars which I cannot stop to explain. 
The method was tentative; and when it was found 
to give for the Companion of Sirius a density 
50, ()()() times that of water, it was assumed that it 
must have gone wrong. Hut, according to what T 
have been saying, a density even 50,000 times 
greater than that of water is not at all impossible. 

VoV 111, po. 10^ 
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The method mipht not have failed and the huge 
density might be genuine. So astronornei*s set 
about applying another test which involves an 
applicjition of Einstein’s theory, and determines 
the density in another wao/' altogether. This 
second method also gave the high density; so we 
may evidently accept it as genuine. The stulT of 
the Companion of Sirius is 2,000 times as dense as 
platinum the heaviest thing we know on earth. 
That means that matter on Sirius li weighs about 
a ton to the cubic inch. Imagine matter so heavy 
that it would need a powerful crane to lift apiece 
the size of a riii)ee. 

Hesides the stars we find in our galaxy great 
patches of liiminou.s gas, {‘alletl nebulae. (Cig. 



Fig. VII. 

Planetary Nebula. (». C. Lick Observatory 

photograph. 

VII). The.se nebulae are of etiormoiis extent 
eiiveloping a great number of .stars. Some of 
these stars are actually in the midst of nebulae 
and it is the radiation of the stars whieh causes 
nebulae to shine. They do not reflect the star 
light; their light is a tluore.sccnee. (Fig. VIII). 

The matter in a nebula is very much rarefied. 
If we take out of this nebula a chunk as large as 
the earth, and compress it to ordinary demsity it 


would make just about a railway truck load: 
That is to say, the whole amount of matter con- 
tained in a volume of the size of the earth is of 
the order 10 or 20 tons. 



Fig. VIII. 

Pl.'iiirliirv .Vcliiila. king Xcbuln in L> ra. Tin* luiniin»sii\ 
of this nebula is snpposcil to be ilin* lo fliiorescenci* ol 
outer shell of gfis fiotn light of n star inside. 

When there ai*e no hot stai’s in the nciglibour- 
iiood to stimulate it to shine, tln^ M(‘bula reiaaitis 
dark and we see it only as a dark obscuring cloud 
bid ling out t‘Vt‘i*ything b(‘bind it. (Fig. IX). 

liCt us look to the re.st. of the universe vvliicli 
lies beyoiitl the Milky Way. Our system of stjiis 
is, as it w'cre, ju.st one island, in the Ocean of 
Space an oasis in a desert of emptiness. From 
this island, w-. can look out and see in the far 
tli.stanee other i.slands, in fact a whole archipelago 
of islands, one behind another till our vision fails. 
I have already shown you photographs of one or 
two of the.se external galaxies. Here is another. 
That is a system of some thousands of millions 
of stars like our own Milky Way system— which 
we see in the far distance. (Fig. X). 

How many of these island galaxies are there? 
From actual count it is found that the number 
within reach of the largest telescope at present 
exLsting--lhe 100" reflector at Mount Wilson- is 
about 50 millions. There must, of course, he many 
more too faint for us to see. Perhaps rather sur- 
prisingly we have a fair idea of what the tot.'il 
number must be. It is certainly not less than 
10,000 millions, and may well be over 1,00,000 
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millions. A billion may bo taken as tlie oxtivino 
upper limit. When wc were eonsiderinj? the .Milky 



The .\iueri('a Nebula. 


Way .system only I said there were about 20 stars 
apiece for every ijjh'a^)itan.t of the earth; now that 
we are eonsideriii^ the' universe the allot- 

ment is more lib^al — not Sl^stars apiece, but 20 
l^alaxies apiece IweTery one on earth. 

Let us now* see where we have ^oi to in the 
scale of size: 

1 light year b, 000, 000, 000, 000 mile.s 

Distance of the nearest star 2h, 000, OOO, 000, 000 miles 

Distance of the remotest nebula 

so far measured 1 500, 000, 000, 000, 000, 000, 000 miles 

Now do not tell me that you cannot realize 
these big distances. Of course, you cannot. But 
that is the last thing one wants to do with big 


numbers -to realize them. Take tliis number for 
example, 2fi billion. No otic can realize a billion. 
But if you happened to he in Oenuahy in 1923 
when the bottom dropped out of the mark, wdion 
you WTre presented with a bill for a billion 
marks for your (linfier. tlie problem was nol 1o 
realize a l)il]i(m but to pay it. The Ohaneellor 
of the Exehecjuer, w'heii he presents his budget for 
HOO million pounds, cannot realiz(‘ the amount of 
notes (»r other forms of w'ealth that this implies-- 
biit he can spend it. It is an altogether fallacious 
idea that these big numbers mak«‘ a dilliculty in 
eompreheinling asti'ommiy; they ('an only do st) if 
you are seeking a wi'ong sort of (‘ompreliension. 



Fig. .\. 

The spir.^l N (t.C, Sia-l S ( Messier 5]-Mouut Wilson 
Observatory. ) 

What 1 here want to eall attention to is that 
now that w'e are going out beyond the Milky Way 
we have taken another big step up in the scale of 
distances and this last figure— the distances of one 
island-galaxy from another -wull become our unit. 
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Naturally, we cannot find out very much about 
these remote objects, hut. for the brif?hter ones 


estimate the distances — well enough to give a 
rough idea of their distribution in space. 

1 may perhaps explain how the speeds are 
measured. (Fig. XI). 


VELOCITY 



9, WO miles per second 



; .K300 miles per 



Fig. XI. 

Method of determining velocity-di.stanoc relation for K.Ytraga1atic Nebula. These spectra and 
direct ‘photographs were prepared by Hubble and Huinason in the Mt. Wilson Observatory. 
In order of distance, we have N. G. C. 22, Virgo, Pisces, Ursa Major, and Gemini Clusters. 


at least, there are two things we can ascertain. 
We can determine the speeds with which they arc 
moving either towards or away from us; and we 
can determine — or perhaps I should rather say — 


These are spectra of the nebulae. Now whether 
you are expert in spectra or whether you are not, 
I think, you will agree that they are bad spectra. 
They are not nice, clean spectra with sharp lines 
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across them like those of the stars. That is 
because the nebulae consist of multitudes of stars 
with all sorts of spectra which arc here super^ 
posed. It is as if a composite photoffraph of the 
fa(?es of the whole population of the earth was 
made; the result would be a blur in which you 
could just make out two eyes and a nose. Here 
you see a corresponding blur for the stars which 
form the nebulae and you (?an just make out— shall 
we say — two eyes and a nose — that is to say two 
features possessed by most of the stars. Actually 
these are the W, /C-lines of calcium-dark lines, 
here shown bright because the picture is a negative. 
What we have to do is to measure just where they 
fall — you sec how they shift along- these speeds 
are very large; indeed very much larger than we 
find in the stars of our own galaxy. The remark 
able thing is firstly that (with tw(» or three ex- 
ceptions which can be accounted for) they are all 
running away from us, and secondly, the farther 
they are awjiy, the faster they go. The speed is 
proportional to the distanee; a nebula 1 million 
light-years away recedes at 100 miles a second, a 
nebula 50 million light-years away recedes at 5000 
miles a second. This increase has been raced up t(» a 
distance of 250 million light-years, where we find 
a nebula receding at a speed of 25,000 miles a 
second. There for the moment we have to stop 
until a larger telescope is built, which will enable 
us to extend our measurements to still fainter and 
more remote nebulae. 

This running away does not mean that they 
have a particular aversion to us. It means that 
the whole system of the galaxies is expanding. If 
a gas or any other substance expands uniformly, 
the distances between its particles increase. So if 
you imagine yourself sitting on one of the particles, 
ail the other particles are increasing their 
distances from you so that they seem to he running 
away. But that will happen whatever particles 
you choose to sit on. The nebulae are running 
away from each other just as much as they are 
running away from us. What we are observing 
and measuring is a general scattering of a part 
of the nebulae. 

There is no mystery as to the cause of this 
expansion. It is a consequence of the Theory of 


Relativity that there must exist a force, which we 
call cosmical repulsion, tending to produce just 
such a scattering apart of material objects. In all 
small-scale systems, gravitation which tends to 
draw material bodies together strongly predomi- 
nates over the cosmical repulsion which tends to 
scatter them apart— so the scattering does not 
take effect. 1 ought perhaps to remind you that 
we are now thinking on such a scale of size that 
the Milky Way counts as a small-.scale system. 
Kven in a large-scale system like the .system of the 
galaxies, it would be pos.sible for the matter to 
he distributed so densely that its gravitation would 
balance the cosmical repulsion. But it has beei\ 
shown that this balance would be unstable. Wc 
had therefore good reason to anticipate that if we 
eould examine a system on a large enough .scale, 
we should find the scattering force of cosmical 
roimlsion outweighing the mutual attraction of the 
matter; and therefore the whole system would be 
expanding. That is what we now ob.sorve. 

But altluuigh the expansion of the system of 
the galaxies was foreseen by theory, and its actual 
detection l)y astronomers is a striking confirmation 
of Relativity Theory, the rate of expansion turns 
out to be surprisingly rapid — 1 might almost say, 
alarmingly rai)id." The nebulae will recede to 
double theii' present distanees in 1300 million years. 
Astronomers will have to double the aperture of 
their telescopes every 1300 million years in order 
to keep them in view. But seriously 1300 million 
years is not a very long period in cosmic history ; 
it is the age of some of the older rocks in the 
earth^s crust. It is a shock to find thjit so com- 
plete a change in the universe has occurred within 
geological times. 

The significance of the rapid expansion is that 
it makes it necessary to cut down considerably the 
enormous time scale of billions of years which was 
fashionable ten years ago. Fortunately this is in 
keeping with various other lines of evidence which 
suggest that the stars and galaxies are not so very 
much older than the earth. 

Originally the Theory of. Relativity predicted 
the expansion but not the rate of expansion, .so 
that the rapid rate found by astronomical observa- 
tion came rather as a surprise. I found, however, 
on looking into the question that existing physical 
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theory could he used to j?ive ii purely theoretical 
prediction of the amount. It has taken some time 
to complete this calculalion since there were a 
numher of obscure theoretical (piestions to he clear- 
ed up fir.st ; hut last y(‘ar I reached what I take to 
he the definite result, hy two larjicly independent 
methods which check one anotlnu’. In terms of the 
somewhat technical unit commonly used to 
measure the rate* of recession, the calculated value 
is 4.T2; this involves no observational data except 
such as have been ascertained hy laboratory ex- 
periment which would he known to us even if we 
had no telescopes and had never seen a nebula. 
The entirely independent determination (»y observ- 
ation of the recession of the nebulae ‘•ives a value 
oOO. subject to a (*onsid<‘rable uncertainty due to 
the difticulty of determininj*- th(‘ absolute .scale 
of nebular distaiu'cs. Th<‘ agreement lies well 
within the jn'obabte limits of (M*ror and. I thitd\, 
l(‘aves no doubt that tin* observed recession is 
actually tlu' effect produced hy Kelativity Theory, 
and is not clue to other ludiuown causes. 

For rc*asons which 1 cannot enter intc» here, we 
believe that alonj? with the expansion of the 
material universe there is an expansion of siiace 
itself. The idea is that these island f»alaxies are 
dotted all over spherical space and the sphere of 
space itself is expandinj? and so causing' them to 
move ai)art from one another. It is as thouj.»:h 
they were attached to a ndiber balloon, and the 
balloon was beinp; inflated. Only unfortunately 
for niy analogy, there is an exti’a dimeiisioji to be 
broui^ht in, which is somewhat difli'cult to inlajjfine 
until you »et used to it. Of course, I know that 
this conception of closed space is very difficult to 
grasp; but really it is not worse than the older 
concept of open infinite space, which no one can 
really imagine. i\o one can conceive infinity or in- 
finitude; we just use the term without trying to 
apprehend it. So if you feel that astronomers in 
accepting this new conception of spherical space 
are falling into the fire, please remember that we 
are at least escaping from the frying pan. 


Spherical space has many curious properties. 
If you keep going straight ahead in any direction 
you will ultimately find yourself back at your 
starting point. It is analogous to what happens 
on the earth if you travel straight on; you go 
round the world and reach your starting point 
again. In the same way, if you look far enough 
in any direction, and there is nothing in the way, 
you ought to see the back of your head. Well, 
not exactly; because light takes at least fl,()()0 
million years to travel round the universe, and 
the back of your heatl was not there all that time 
ago. Hut you see the idea. However, we need 
not trouble mueh about these curiosities, but do 
not supi)c)se that spherical space is something that 
has been devised for the purpose of explaining the 
astronomical phenomena of the reeession of the 
nebulae. So far as that is coucorned, relativity 
explanation would hold as well in open spaee or 
in closed space. The fact is that infinite fiat space 
became obsolete in serious physical theory, fifteen 
or Iwenty years ago; we described the phenomena 
of the ex])ansiori of the system of the galaxies 
in l(*rms of spherieal space, rather than in terms 
of flat spaci*. not because it is easier to e.xplain 
that way, hut because we are living in the year 
1938, not in the year 19 IS. 

Now w(‘ liave b(‘<‘n all over the univei’se. Ami 
if tln‘siir\ey has been inad(‘(piale I may plead that 
liglit takes f),000 million years to make the circuit 
which 1 have made in an hour. Hut the universe 
is e.xpanding. And during the hour 1 have been 
speaking there has been an increase of the cirenit 
amounting to 2 or 3 more days journey for the 
light. Anyhow the time has come to leave this 
nightmare immensity, amf find our way back to 
the tiny planet atlaehed to one of the myriads of 
stars in one of the millions of galaxies whence we 
started.* 


• A popular lecture delivered in the Senate Hall, Cal- 
cutta University, on the occasion of the Silver J ubilee 
of the Indian Science Congress Association. 


SCIENCE A 
OULTUBB 


638 



The 17th International Geological Congress 


So much hjis hap])cned in Russia durinjr the last 
twenty years — since the (treat October Revolution 
of 1917, when the Bolshevik rejrirne definitely 
assumed control of the country — that a visit to tin* 
Onion of Soviet Socialist Republics, under abiK^st 
any circumstances, nnist be interesting. So much 
has been reported alunit the conditions in that 
country and so many claims have been made by 
Soviet fjeoloffists and other scientists in regard to 
their discoveries in the field and in the laboratory 
that foreifin scientists were sceptical of these 
claims. In these circumstances my selection by 
the Director, (icoloKical Survey of India, to •ro to 
Moscow as the representative of the (loveimment 
of India to attend the 17th International (feolo«:ieal 
Don^rc'ss held there in July I9J7 was most enviable, 
e.specinlly as I was the oidy delejjfate from India. 
In the ])revions 7tli International (ieolo«»ieal Con- 
f(r(‘ss held iti Russia, in St. Betersburj^ in Autrust 
1H97, it happened that there was no delejjate fi'om 
India owin^- to some delay in the seb'ction of a 
re])resentative Mr (A L. (Jriesbach who was un- 
able to attend when recojumended. 

The International (teolojrical (■onjjress was 
founded in 187(5 by a committee of jreolojrists who 
met in Philadel]>hia, H.S.A., under James Hall 
with T. Sterry Hunt as Secretary. The other 
members of that committee were \V. B. Ilojrers. 
J, \V. Daw'son, J. S. Newberry, ('. H. Hiteheoek, 
R. rnm])eily, W IjCsU'v, K. H. Huxley, Otto Torell 
and K. H de P»au>uba\ier. The successive Ponjrress 
iiicetintjs since have been as follows: - 


Year, 

IHiice. 

President, 

1878 

Paris 

K. 

Hebert 

18S1 

imlopic (Italy) 

(f. 

('apcilini 

1885 

Her 1 ill 

K. 

Hfyri*'Ii 

1888 

1 ^oiidon 

J. 

l*re.stwich 

1891 

\Va.shiiigton 

J. 

S. Newberry 

1891 

Zurich 

K. 

Renevier 

1897 

St. Petersburg 

A. 

Karpinsky 

1900 

Pari.s 

A. 

Gaudry 


Yeo-r. 

Place. 

President. 

i.oo;i 

Vienna 

K. 'Pielza 

190fi 

Mexico (’ity 

.1. C’. Aigiiih'ra 

1910 

S(o(‘kliolin 

(». de (ieer 

1918 

'I'onmlo 

V. Ailains 

UCi'i 

RniKsells 

J. Lebnaj/. 

19‘JU 

.Madrid 

('. Rubio 

1981 

Pretoria (S. Africa) 

A. Rogers 

1981 

VV’asliington . 

V. l.indgrin 

1.987 

M oseow 

1 . M. (joubkin 


'Phe official Ianj»ua^^es of the Don^^i'css meetings 
arc Buf.cbKh, French, (ierman, Italian and Spanish 
and that of the country in which a (’onf*ress is 
bein*» held, but as in the case of the nicetinj^s in 
St. Petersburg- in 1S97 ami in Mo.s<m>w last y(‘ar, 
Russian was only used on I host* two occasions. It 
is considered easier for our Soviet friends to learn 
one or other (d* the other lanjrna^cs than it is for 
u.<{ to learn Russian, but there is no doubt that this 
lan^naj^e difficulty was very real at (he 1 7th 
International r^m»:re*ss. H(»wever, it was iarf^ely 
overcome at the o])enin{i’ and other me(‘tin»\s which 
were held in the I ary:** hall of tin* State ('N)n- 
s<Tvatory in Moscow by tin* i)i‘ovision of *‘ar 
phones in **very seat ami each capable r)f bein^^ 
plujfged to one or other of seven **ircuits to hear 
any .spc*<*ch in om* or other of tin* above bnif^uaf'es, 
either directly, or fmm int**i*j)]*cte?*.s, in any other 
of the same lany:uats:cs. The o])eninii: meeting: on 
tin* 2Ist July, 19J7, was in the presence of 1, ()()() 
delcf^ates from bO countries, ami on each side of 
the ])la1form in Russian, French, (ierman, Kn^Iish, 
Italian and Spanish in bold letters were Stalin’s 
w*)rds ; - 

“Scifijc.* is ralle«l scitMieo jusl it rerojrni/cs no 

felish»*> aiul dops not fear to raise its hand aj.^aiiist cvery- 
Ihiiij; tliat i.s ol)solet*? ami dyinn anil atUntively listens to 
the voice of exj)erienee, of praedee ’* 

Before the Pon^rcss meeliny: on July 21st 
excursions had been arranf»cd for visits to the 
north (Kola peninsula ami Karelia), to the south 


539 

A 


Vol. III. No. 10 
APRIL 1938 



THE IJTH INTERNATIONAL GEOLOGICAL 
CONGRESS 

(Ukraine aiul Urimea), to the Caucasus and to the 
Voljfa-Urals area (Permian excursion). After the 
(Vni^ress closed excursions were arraiif^ed to visit 
the Petroleum occurrences, Siberia, Nova Zembla, 
and the Urals, in addition to places near Moscow. 
J attended the Permian excursion as it was more 
elo.sely related to the work I had been doiiif? in 
India and was pro])ably more palaeontoloj^ieal 
than economic. In fact it was very soon evident 
that economic fjeolofry was the chief concern of 
the Soviet (Jovernment and the subject of mineral 
resources was the main theme of the papers and 
discussions at the meetinf?s of the delepfates in 
Moscow, in Leninj^rfid and at the various places 
vi.sited duriiifr the excursion. It was a subject for 
complaint durinj' the Russian meetintrs of 1897 that 
banquets played perhaps a more important part in 
the excursions than visits to exposures. We had 
nothirifr to complain a^minst the excursions except 
that some were loiif? days, nor can we say that 
baiKiuets were too few for we were treated 
l»:enerously everywhere — from picnics in a liaski- 
rinn forest to a banquet in the Kremlin itself. We 
fouiul the U. S. S. R. to be a geolo^nsts’ paradise. 
Nothing seemed to be done in mineral prospecting, 
the develoj)ni<‘nt of mines, the exploration of oil 
fields, the erection of metallurgical works, the 
construction of canals and other engineering 
structures, ami even in the reclamation of lands, 
without the opinion of the geologists engaged in 
that district or in driect consultation with the 
geological authorities in Ueningrad. 

.Phich mineral industry -gold, coal, petroleum, 
salt, mica, phosphates, etc. — has its own so-called 
Trust which may have branches all over the 
r. S. S. R. There is exploration everywhere and 
mineral and metallurgical works are in course of 
erection in various parts of the vast territories of 
the U. S. S. R., which are equal to half the area 
of Asia and fully four times that of Imlia — yet 
with a population only half that of India. We were 
almost bewildered by the immense activity we saw 
wherever we went throughout the length and 
breadth of Russia, and it is not too much to say 
that the enthusiasm of those engaged and their 
intense pri lc in all their work showed that a 


nation had been established and was going forward. 
t)ur unbelief in the vast claims slowly disappeared 
as we travelled and met geologists almost every- 
where and saw their maps, their mines, their 
technical schools and colleges. Somehow it was 
no shock to us when we learned that over 10,000 
geologists were engaged on State surveys or in 
the Trusts or in Universities and other scholastic 
institutions. Their equipment is not equalled in 
India, their museum collections (especially those 
in Leningrad) arc splendid and well housed, their 
research laboratories are lavishly supplied and 
their work is equal to any geological work. In 
physics and chemistry, in geo-chemistry and geo- 
physical work they have little to learn from other 
countries. In fact it is difficult to express in 
words the high standard of the work- -whether 
it be connected with the atomic structure of ele- 
ments, the study of crystal structure, the synthetic 
production of minerals, the investigation of 
mineral associations in ore deposits or pegmatites, 
or palaeontological and palaeobolanical determina- 
1ions--that is being steadily and carefully done 
in numerous centres. 

I stood in Mendeleyev’s room in licningrad and 
saw his books and papers still kept as he left 
them, and what impressed me most was the fact 
that he usetl glass weights for his chemical balance 
weighings. They arc clean, easy to pick up and 
far easier to adjust against standard weights 
where calibration is necessary. We also saw the 
famous Rerezov mammoth which had been fouml 
in the Yakutsk region within the Arctic Uircle in 
1900 and taken to St. Petersburg in 1902 and is 
now in the Zoological Museum there (Leningrad). 
We disappointed some of our Soviet friends by 
criticizing the restoration which suggests an obi 
animal which had died, in its sleep, whereas it is 
a fine young male which had met with an accident 
- fallen into a crevasse — and died quickly after 
a struggle as food was found in its mouth ami the 
pelvis was fractured. So perfect had been the 
preservation when found that the flesh of th<‘ 
shoulders was still fresh and was fed to the sledge 
dogs (sec ‘ The Frozen Mammoth in Siberia hy 
(), F. Herz, Ann, Rept, Smithsonian Inst, for 
p. fill, 1904). 

It may be said that the scientific standard of 
work is set by the Institutes controlled by the 
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Acaileriiy of Sciences, while the efficiency of fjfeo- 
logical work — mapping, mineral study, etc. — is 
guided by the (Jeological Survey Committee and 
the Central (Jeological and Prospecting Institute 
for Scientific Research (TSHKJRI) in Ijeriingrail. 
It must not be concluded that a geologist is free 
to do research work at his own time all the days 
of his life. This is not the view of the Academy 
and Survey authorities who are responsible to the 
Soviet (lovernment from whom the generous 
grants are obtained for scientific researcli, expedi- 
tions, surveys, prospecting and for exploration and 
development. The mineral resources of the 
1 1. S. S. R. have not only to be found, studied aiid 
estimated, but must supply the needs of the 
country’s industries. With all land and minerals 
belonging to the people, under the control of the 
(Jovernment, nationalization of industries is a 
fundamental matter and so a great deal can be 
done to co-ordinate development. It is the policy 
of the (Jovernment to make each Autonomous or 
Union Republiquo dependent on its own mineral 
resources for its industrial wants. Consequently 
geological search is widespread through the 
V. S. S. R. (Jeologista vie with each other to 
make discoveries and, as may be imagined, subject 
each other’s discoveries to severe scrutiny. It is 
not wise to claim more than you can justify and 
there is little place for a geologist lacking energy - 


the expenditure on his training must be justified 
either by hard work or great ability. 

We found the Soviet geologists anxious to eX' 
change publications, and in order to help us to 
read their contributions to geology they are put- 
ting in an English summary in most of their mono- 
graphs and other papers of interest. 1 found all 
those with whom 1 came into personal contact 
friendly and glad to exchange vi(‘ws and give any 
information within their power. With delegates 
travelling widely in the U. S. S. R. and everywhere 
finding schools, colleges and universities, where 
large towns were springing up or coming to life 
again, and a vast industrial development in pro- 
gress, it is evident that, at least scientifically, 
geological training has been arranged for on 
an immense scale. This could only come by the 
realization of the Soviet (Jovernment of the im- 
portance to the country of the true usefulness of 
the geologist, properly equipped and employed. 
The Russian geologist has to some extent been 
fortunate in that his vast country had been but 
poorly explored before and is far richer in 
minerals than many still believe possible. The 
point of the 17th International (Jeological 
Uongress was to show us that Russia is second to 
none in geological work and we must admit that 
they have proved all their claims and congratulate 
them for showing the value of the geologist to 
their rjovernment. 

— C. S. Fox. 


Exhibit of Rare Sugars 


At the meeting of the American Association for 
the Advancement of Science held in Indianapolis 
December 27-30, inclusive, the Bureau’s polarime- 
try section exhibited a collection of rare sugars 
which is unique in that it includes all of the 
pentose, hexose and heptose aldose sugars of the d 
configurational series which are known products 
at the present time. These sugars have been pre- 
pared by various members of the staff without seed 
crystals from other sources. The group comprises 
four pentoses, eight hexoses, and eight heptoses, 


all of which are in the crystalline stfite with the 
exception of d-idose which has never been 
crystallized. The following sugars in the collec- 
tion were crystallized for Ihe first time at the 
Bureau ; 

d — allose, 

d — p — ( J lucoheptose, 
d — a — (ruloheptose, 
d — Gulose (.^aCl 2 , 
d — p — Mannoheptose. 

— Jour. Franl(. I ml. 
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Meteorology in India 

We have just before us the Report on the 
Administration of the Meteorolojjieal Department 
of the (lovernment of Indin duriiif? 193H-I]?. It 
deseribes the wide expansion and the substantial 
improvement in the services that the department 
rendered to aviation, agriculture, and shipping, 
apart from its noi*mal activities. The report stales 
that the department had to develot) new facilities 
to meet 

(a) Tlie steadily inereasinj*' demands (»f 
weather repc)rts alonj»- the air routes on account 
of increasin'* frenuoiu^v in living' includiiif*: night 
Hying; 

ib) Tile pr(‘paration of a second daily weather 
chart ; 

(c) The establishment of a short-wave wireless 
station at tlie Meteorological head (piarters; and 

(J) Broadcasts of special information from 
Karachi, Calcutta ami Rangoon. 

Due of the best criteria Tor judging the activity 
ami the useful services rendered by such a depart- 
ment is to be found in the number of various 
messages handled. The report shows that, during 
the year, over 117000 messages consisting of fore- 
casts, warnings to shi])s, rc|)orls to ports, and 
warning of heavy rainfall and frosts to agricul- 
turists were issued. This comes to over 100 
mes.sages per day and apart from this more than '' 
10,000 wireless messages were received from ships. 

It is to be noted that the numlier of messages in 
every one of the various headings was much 
greater <luring the year under review than the 
corresponding figures in the previous year. 

With the prospect that aeroplanes will fly more 
freouently l»y night as well as by day, preliminary 
experimental work had to be carried out in con- 
nection witii the standardization of e(|uipment for 
observing balloons and measuring visibility, cloud 
height at night and other allied problems and 


provision had to be made for supplying more 
information. The number of current weather 
observations exchanged daily by wireless on the 
Karachi-Calcutta route was increased from *2 to 3, 
one of the observations being taken and wirelessed 
before dawn each day for tin* benefit of airmen 
leaving terminal stations early in the morning. 
In addition to these improvements in the routine 
scheme, arrangements were made for eerlain 
special observations on Hying days of the In.perial 
Airways, consisting of an early morning current 
weather observation at Akyab and Chittagong for 
the use of east-bound planes leaving Dum Dum, a 
mitldiiy pilot balloon ascent at Akyab for the use 
of west-bound planes leaving Rangoon, and an 
early morning pilot balloon ascent at Sherghati. 

New pilot balloon stations were opened at 
Delhi and Trichinopoly in onler that full <lala 
about upper air winds might be regularly obtained. 
Steps were taken for the training of the civil avia- 
tion personnel at certain emergency lamling 
grounds for sending re|)orts of dangerous pheno- 
mena and for taking timely precautions. The 
question of the supi)Iy of weather rejMirts for 
air-men on the sea plane route across 'India was 
invest igatcfl. Of otlier important matters relat- 
ing to aviation may be mentioned the introduction 
of the * AER Met * scheme according to wdiicli 
aircraft in tlighl takes ob.servat ions of weather, 
particularly during moiisoon or other difli'cult 
weather, and transmit them by wireless for the 
benefit of other aircraft and of forecasting centres. 
The success of the scheme may be judged from 
the fact that nearly a hundred AKR Met messages 
were received during the year. 

It is well known that in many other countries 
4 to 6 charts are prepared each day at the fore 
casting centres, but as these systems are very 
expensive Poona had to get on with only one chart 
a day. There is no country is the world except 
India where a forecasting centre has to forecast 
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for jiviation with only one eharl a day. This 
sierious defieieney was niitij>ated l)y the introdue- 
tioii of a soc'ond daily weather ehart at l^K)na 
whieh w'as nnnle p()ssi})le by tlie suceessfiil w'orkiiiff 
out of a scheme of economies in telejjraphic ex- 
penditure. This procedure has led t(» substantial 
savin{»s. In fact, the savinj>s were sufficient to 
establish a shortwave wireless station also at 
Poona. 

The need for exchange of weather reports willi 
neigh bourinj( countries continued to be felt, and 
fortunately it w'as possible towards the end of 
the year to arrive at decisions which rendered it 
possible to start regular broadcasts of meteoro- 
logical data from the shortwave aeronautical 
wireless stations at Rangoon, Calcutta, and 
Karachi. The starting of the slmrtwave station 
at Poona and of liroadcasis from Delhi, when a 
meteorological office is started there, will give a 
very good and useful network of broadcasting 
stations. It is hopeil that these broadcasts will be 
heanl by neighbouring countries and some of the 
meteorological broadcasts from neighbouring 
countries will be received in India. This arrange- 
ment will enable the meteorological services of 
different tiovernments to <lraw weather maps for 
the whole of south Asia — a step which has been 
awaited for a number of years, and one which 
will lead to a clearer understanding of weather 
changes over this part of tlie globe. 

Imporiant adilitions to the inland warning 
w'ork of the department have been made during 
the year at the instance of the Imperial Council 
of Agricultural Researcli and of the (loveriiment 
of Bombay. One of the schemes aims, by issue of 
timely warnings to the areas concerned, at mini- 
mizing damage to crops by frosts. Acconling to 
the second scheme introduced at the instance of 
the Ihmibay (lovernment. (’ollectors and J)eputy 
Directors of Agi'icuiture in the Presidency were 
warned against heavy or untimely rainfall and 
against low temperatures, lioth sehenies are 
being tried on an experimental basis for 2 years. 
With the existing meteorologieal organization it 
is only possible to prediet conditions generally 
over the major meteorological siib-divisions of 
India, and in the experimental stage the warnings 


are being issued with reference to groups of two 
or more districts wliieli form a homogeneous 
meteorologieal unit. Reimrts received from the 
officers on the w'arning list indicate that the 
messages were timely and generally useful, hut 
that difficulties were experienced in transmitting 
the information sufficiently and quickly to agrieul 
tnri.sts. Pull ailvantago of service will be obtain(‘(l 
only when every village has a wireless receiver so 
that quick reception of the news is rendereii 
po.ssihle. 

Some of the officers have also indicated the 
necessity of these warnings reaching them longer 
ahead than has hitherto been possible and it is 
expected that the preparation of the afternoon 
chart at Poona which has been saiiclioned with 
effect from 1st April will improve the situa- 
tion in this respect in future.. With better facili- 
ties for disseminating the warning messages aiiH 
the education of the agrieiiltiirists in using the 
reports, better results may be expected in the 
matter of pnwenlion of damage to crops and other 
properties. 

The marine meteorology section also worked 
very well. The storm warnings i.ssued to posts 
were mostly timely and useful as is sliown by 
the .satisfaction expre.ssed by the post authorities 
in their reports. The number of messages issued 
during the year was mueli greatiu* than that in the 
previous year. 

The Agricultural MetcM)roh)gy section earrieil 
on investigations of the local climates and growth 
rates of crops and also on frequency of hail, 
dniughls, floods, ami cold and lieat waves. It also 
carried on experiments intended to provide a 
measure of the different ways in whieh solar 
energy and rainfall are disimsed of at the earth’s 
surface. Experiments on soil temperature and 
their dependence on the nature of the soil layers 
were also undertaken. Researches on (1) the ex- 
change of heat energy by radiation between the 
soil and tlie atmosphere, and between the different 
air layers themselves, (2) the inlliienee of water 
vapour in the atmosphere on the.se radiation pro- 
ce.sses, and (2) the radiation equilibrium of an 
object near the ground in relation to the zenith 
distance of the portion td' the sky concerned, etc. 
were carried out, and the re.sults ari’ived at were 


643 


Yol. III. No. 10 
APRIL loss 



METEOROLOGY IN INDIA 

of j^reat value in undersea riding the phenomenon 
of noeturnal cooling. Another .subject in which 
further progress was ma<le is the exchange of 
moisture between the soil and the air laOf'crs near 
the surface. Some of the Imlian soils, c.g., the 
black cotton soil, are found to be so hygroscopic 
that, when dried completely, they can be used as 
efficient desiccating agents. The direct estimation 
of soil moisture at different depths at weekly 
intervals was continued. As a result of experience 
gained in the section, it has been found that the 
simple ‘ Piche * evaporimeter exposed in the 
Stevenson screen would provide useful estimates 
of evaporation. The Imperial (Council of Agri- 
cultural Kcsearch passed a resolution to the effect 
that Agricultural Meteorology should become one 
of the permanent activities of the. (Jovernment. 
Pormal projmsals for making the section 
permanent are now under the consideration of 
the (lovernment of India. 

A number of sounding balloons were let off 
from Agra, Madras and Poona to study the upper 
air conditions. At Agra measurements of the 
horizontal transmission co-efficient of the atmos- 
phere and of the cosmic ray intensit,y were started. 
At Kodaikarial studies were made of ‘‘ oxygen in 
prominences,” of the progressive change in incli- 
nation of the hydrogen dark markings to the 
meridian of the sun and of the lines of hydrogen 


and calcium in the Fraunhofer spectrum at differ- 
ent points of the suiPs disc, and at Bombay the 
day-to-day variability of the horizontal force of 
the earths' magnetic field and also of the earth- 
air currents from elevated points during times of 
thundei*storms were studied. At Poona a detailed 
distribution of rainfall in South India was ex- 
amined, and statistical work to improve the 
existing forecasting formulae was continued. 
Dr T. Royds went on deputation to Japan to 
observe the total solar eclipse on the 19th June 
1936 with a view to make an accurate determina- 
tion of wavelengths in the sun’s spectra during 
partial phase of the eclipse and was successful in 
obtaining the desired photograph. 

The recent unfortunate incidence of a series of 
earthquakes in India has focussed attention to 
the great necessity of instituting a branch of 
public service which would devote its attention 
exclusively to the problem of seismological investi- 
gation and in view of the importance of investigat- 
ing oil proper lines the seismological problems of 
Imlia, a conference was convened in January 
1936, at which the Surveyor (leneral, the Director 
of Deological Survey^ of India, and the Director 
(leneral of Observatories examined the (|uestion of 
setting up a seismological organization in India 
ami recommended its establishment. The propos- 
al was approved by the (lOvernment of India, bnt 
the scheme was jwislponed for financial reasons. 

- •//. /f. liajpni. 


No Summer Layoffs Now in Air Conditioned Mine 


High temperatures and high moisture content 
of the air in the Magma Copper Mine at Superior, 
Arizona caused summer layoffs for the workmen 
amounting to about four weeks each year. The 
temperatures were caused by heat which rises from 
the lower levels of the earth, and conditions 
became worse as the mine grew deeper. The 
humidity was caused by evaporation of the larger 
amount of water found underground. To correct 


these conditions a Carrier air conditioning 
system, similar to that in the Deep tlold mines in 
South Africa, was installed. After the first few 
days of operation, spokesmen for the miners re- 
quested permission to resume work. This is the 
first underground air conditioning in the United 
States. 

— Jour. Franks 
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Notes and News 


Plant Physiology in the (J.S.S.R. 

The contribution of Russian scientists to diifcrent 
aspects of plant physiology is n'markable. V N. 
Lubimcnko’s article on the development of plant 
physiology in the U. S. S. R. {Plant Phi/siolofftf, 12 
895) is therefore most appropriate. 

Classification and gcographi<'al distribution of 
plants wore the first bran' 'lies of plant science to 
which Russian botanists first turned their attention. 
Kven then the first school of plant physiology was 
founded in “ the sixties of the last century ” by A. S. 
Famintsyn (1815-1918) among whose pupils were 
Baranetxky and Rorodin. 'Fhc development of plant 
physiology was more marked “ towards the end of the 
19th century and in the beginning of the 20th 
cciitury ” during wliicli period such eminent physio- 
logists as C. A. Timiriasev, V. I. Palladin, S. P. 
Kostychev, I). N. Prianishnikov, A, Richter, 
V. V. K. Zalessky, V. N. Lubimenko, N. A. Maximov, 
N. (r. Kholodny founded their schools. 

\ new im])etus was given to the study of plant 
physiology after the October Revolution when new 
universities, botanical gardens and agricultural experi- 
mental stations were organized. New tendencies 
began to manifest Iheinselvcs in research work; instead 
of studying separate uneonnected functions of the 
organism, attention was turned to the organism itself — 
“ the organism as a living, ilynamie whole.” 

The internal* factors eontndling the various 
physico-chemii^al reactions taking place within the 
organism arc now reccivitig more and more attention. 
The minimum, optimum and maximum in fthysiologieal 
functions have lost their previous significance; ” they 
have now become an expression of the dynamism of 
the organism itself,” a true index of protoplasmic 
changes. This new' mode of study has yielded 
interesting results in the investigations of A. C. 
Danilov, V. A. Brilliant, A. K. Toshehevikova and 
A. L. Kursanov on different aspects of photosynthesis; 
it has been extended to researches on frost resistance, 


heat resistance, drought resistance (X. A. Maximov, 
1. I. 'Fumanov, A. A. Richter, V. X. Lubimenko and 
others), on mineral nutrition (O. A. Walter, I). A. 
Sabinin and their collaborators) and on nitrogen 
nutrition (1). X. Prianishnikov and others). Along 
with these stand the. works of N. G. Kholodny, who 
is one of the founders of the hormone theory of 
grow'th. 

” The favourable results in agricultural practice of 
the method elaborated by Lysenko of the preliminary 
yarovisation of seed ” have served as a pow'crful 
incentive to research work on the physiology of plant 
grow'th and development. 

'File problems tackled arc primarily those that 
have the greatest bearing on the agriculture and 
industry of the IJ. S. S. R., the economic structure of 
w'hich makes it possible to easily translate into 
practice the results of scientific investigations. 
” Lysenko began to apply his method to field trials 
in 1981 and already millions of hectares arc being 
sown w'ith yarovised seeds.” Both the government 
and society have high estimation of scientific re.search 
work. An account of the theory and practice of the 
method of vernalization has been given by A. K. Mitra 
in Sc’iENCK AND C'ri.Ti’HK July, 1987. 

The Fntomological Society of India 

"Fhosc interested in the inseet life of India, w’ill 
welcome the news that the Fintomological Society of 
India was inaugurated during the Silver Jubilee 
Session of the Indian Science Congress. Such an 
organization was long overdue in India where insect 
fauna is so rich and varied and inse<*t a<‘tivity. both 
harmful and beneficial, has such an important bearing 
on the economic interests of the population. The. 
Society, therefore, aims to promote the cau.se of 
entomology in all its aspects and to cooperate w'ith 
other organizations having a similar object, in India 
and abroad. 

As, in a vast country like. India, it is very difficult 
for members to meet together oftencr than once in 
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the year, the S(M*iety has started hranelies in the 
following entomologieal eentres. 

Centre. Sreretarif. 

('aleutta Mr I). I). Mukerji. 

Dehra Dun Mr N. (’. ( hflllerji. 

Lyallpiir . . Dr K. A. Itahman. 

Karaehi . . Rao Uahwdur Ram ( handra Rao. 

Coimbatore . . Rao Sahib 'I'. V. Rama Krishna 

Ayyar. 

New Delhi . . Dr K. H. Lai. 

These branches will periodically hold meetings 
during the course of the year, and members from all 
partsof the country will meet together annually, usual- 
ly with the Indian Seieiiee C’ongress. Other branches 
would be formed, if a sufHeient number of members 
join the Society from any on<‘ plaet*. Important 
papers read and business transaeled at the various 
eentres will be published in the .fournal of the Society. 

The a<lmission fee is Rs. 10 - and annual sulwrip 
tion is also Rs. 10/-. It is to l>e hoped that all those 
who are interested in any phase of insect activity 
will join the So<’iely and increase its usefulness. 
Further information may be obtairied from any one 
of the branch Secretaries or from Dr K. H. I.al, 
Second Assistant Kntom<»logist, Imf)erial Agricultural 
Research Institute, New Delhi, wtio is acting as 
general Secretary and 'rreasurer of the Society. 

Geological Survey in Burma 

'rile (fcological Survey of India have recently 
brought out a memoir, in which details are given of 
the geology of the eastern flank of the Arakan Yoma 
and ('hill Hills in llurma and of the country between 
these hills and of the Irrawadily River including the 
oil field of Yeiiangyat as also of a small ]U)rtioii of 
the Myingyan and Magw’c districts cast of the 
Irrawaddy. Amongst the conclusions reached is that 
the. belt of the FiOeeiie rocks show'n in the geological 
map of fiidia as occurring in tlie central Yoma region 
is probably an error. It. must be confessed, says the 
memoir, that in regard to oil-prospecting, the survey 
is valuable largtdy for its negative results. 'Fhe entire 
area covered has been carefully examined and the 
conclusion has been reached that from the structure 
and geology of the country, it seems probable that 


no important new* oilfield is likedy to be found. 
Again although the survey has revealed the presence 
of coal-seams up to (> feet in thickness in the basal 
pegus (shw'czetaw stage) in Pakokku, the ipiality of 
this lignitic coal is very poor and the deposits, it is 
said, are possibly valueless. A description is also 
given in the memoir of an o<‘eurrence of copper ore in 
the Pakokku Hill tracts. 

Has the Gangotri Glacier moved? 

Mr .1. IL Auden of the Geological wSiirvcy of India, 
who made a recent examination of the Gangotri 
Glacier in 'rdiri Garhwal State gives it as his opinion 
in a paper contributed on the subject to the Geological 
Surveif Records that this glacier, like many others in 
India, has retreated extensively within recent times, 
probably within the last century. 

Systematic observations of glaciers are now' made 
in most glaciated regions the world, and it is hoped 
eventually to be able to correlate glacial jihenomena 
with climatit* conditions, 'riiough because of the short 
duration of the observations, such correlation is at 
present seldom possible, it is believed that if glaciers 
are studied long enough, valuable information will 
be obtained for the study of climatic cycles. 

Need for Co-operation of Scientists and Politicians 

In course of his speech before the seventh annual 
meeting of the National Academy of Scimiees, Allaha- 
bad, Pandit .law'aharlal Nehru dw’clt on the significance 
of science and true religion and observed, “ Perhaps 
there is no real conflict between true religion and 
science, but, if so, religion must put on tin' garb 
of science and approach all its j)r(»blems in the spirit 
of science. It is time we brought up our minds in 
line with the progress of seieiiee and gave up 
meaningless controversies of an age gone by. It is 
true that science changes and llwre is nothing dogmatic 
or final about it. Hut the method of science does 
not change, and it is to that we must adhere in our 
thought and activities, in research, in social life, in 
political and economic life, in ndigion.” 

Regarding the importance of the co-operation of 
scientists and politicians in tackling problems of 
national reconstruction, Pandit Nehru said, “We have 
vast problems to face and solve. They will not be 
solved by the politieian.s alone, for they may not have 
the vision or the expert knowdedge; they will not be 
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solved by the seicntists alone, for they will not have 
the power to do so or the larger outlook which takes 
everything into its ken. They can and will be solved 
by the eo-operation of Ihe two for a well-defined and 
definite social objective, 'fhe greatest of our problems 
is that of the land, but intimately connt^cted with it 
is that of industry. And side by side with these 
go the social services. All of these will have to be 
tackled together and co-ordinate together. That is 
a vast undertaking but it will have to be shouldered.*’ 
Finally Pandit Nehru observed that he would like 
India to look at everything from a scientific view- 
point. He would like the Government to take full 
advantage of what the scientists offered. 

Anti-Tuberculosis Campaign in India 

Kveryone in India is deeply concerned at the wide 
pri'valence of tuberculosis in this country. 'PIutc is 
no doubt that luberculosis usually in the pulmonary 
lorm, is the most insidious disease that India has 
to face. It is always exacting a heavy and constant 
toll. Although it is impossible to slate w'ith complete 
accuracy how many di<* each year in India from 
luhereiilosis, ns the vital statistics throughout the 
country as a whole are not sufficiently complete, a 
brief statement is given here, showing hy eompari.son 
the number of deaths from pulmonary tuberculosis 
per 100,000 of population in certain Fmglish cities in 
and of some Indian orie.s in 19H4. 


Ipswich 

. . an 

London 

. . 82 

Binniiigiiam 

8« 

Manchester 

. . 104 

South Shields 

. . 188 

I..iicknow’ 

. , 228 

Calcutta 

. . 280 

Poona 

. . 824 

Ahmi'dabad 

. . 889 

Cawnpore 

. . 422 


The above figures reveal an appallingly high death 
rate from tuberculosis in India. 'I’he rate is in all 
probability increasing every year, for the people are 
highly susceptible to this disease. 

It is, therefore, in the fitness of things that an 
anti-tuberculosis drive has been lately launched on a 


countrywide basis under the patronage of their Kx- 
eellencics Lord and Lady Linlithgow, and policies are 
now lieing developed for an intensive eampaigTi in this 
connexion. A sum of Hs. 21,08,;i05/;i, 7 has been 
subscribed to the King- Kmperor’s Anti 'rubcreulosis 
Fund, which has had good response both from British 
India and the Indian States. Deep interest in the 
Fund is also Ix'ing shown in Great Britain, where 
a group of influential people have recommended it to 
the British public. Provincial Committees have been 
formed in connexion with the Fund which will pro- 
mulgate its aims and purposes in lectures. Leaflets, 
p.'imphiets, and posters an* being prejiared for all- 
India distribution, and special efforts are being made 
to reach the rural population hy means of publicity 
carried out in the Indian vernaculars. Kxhibition 
booths are also suggi*sled to be established at important 
melas througliout the country, where visitors will be 
supplied with literature regarding flu* disease. We 
hope that the people of Imlia will be an»nsed to 
<*o-ordinale effort and that the campaign against tuber- 
culosis will show increased activity and true direction. 

The Central Advisory Board on Primary Education 

Primary eduenlion is reet iving at present a good 
deal of attention from all thinking men atul eduea- 
tionists in this century, and its eompul.sory inlrodiie- 
lion ill Ihe various provinces formed one of the main 
planks on whi(*h the last provincial elections were 
fought and won. 'Flic various goviTiiments in the jiro- 
viiiees in British India Imldiiig offiei* for tin* tirst time 
on a popular vote under tlu' India At*! of 1985 are 
.solemnly pledged to it in their respeelive provinces, 
.nnd steps are being taken and ways and means devised 
to sunnoutil llic difficulties in the way, which .seem now 
to be more serious than they were at first expected. 
The C’cnlral Board of Kdueation appointed a eom- 
mittee to consider certain cpiestions eofUieeh*d with the 
administration and control of primary <‘dueation. 
The eoiiimittec was presidcil over by the Hon’hle 
Mr B. G. Kher, Chief Minister of the Bombay 
Goiernment, and it ineliuled, besides the hobieational 
Commissioner wdth the Government of India, several 
provincial directors of public instruction. Tlu*y 
recently .submitted their report to the Board. An 
advisory board on vernaeiiiar education for each pro- 
vince, an improved Goveriimenl inspectorate with 
powers to control, a survey of the existing schools, and 
progressive advance in the introduction of compulsory 
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primary education — these arc some of the recom- 
mendations of the committee. 

The advisory hoard to bt* set iij) in each ]>rovinee 
will consist of not more Ilian seven members, of 
whom one at last will be a woman, with the Minister 
of Education as the chairman. 'I'he members of this 
board should })c appointed by the Ministry. It will 
not be the function of the board to deal with the 
technique of teaching but with the wider questions 
of expansion, control and administration of vernacular 
education and with the financial aspect of these 
questions. 

The committee arc of opinion that an improved 
Government inspectorate is at present necessary to 
improve the administration of primary eilueation. 
Every district inspector should be a member of the 
Provincial Service. Unless a special administrative 
officer is appointed, the insp(‘(‘tor should act as the 
administrative officer of the local body in all matters 
affecting vernacular education. All questions of 
transfer, appointment, dismissal and increments 
should be dt'cided by him in consultation with the 
Divisional Inspector in the case of Anglo- vernacular 
teachers. In all matters concerning women teachers, 
the. district inspe.ctress .should have the same powers. 
'Phe inspectorate should be appointed by the 
Government. 

'Pile committee do not recommend the introduction 
of universal compulsory primary education, for that 
would create more difficulties than it would solve, 
apart from the question of " appallingly high ” ex- 
penditure it would entail upon the provincial ex- 
chequer. They therefore urge that, as the of 

the money now spent on primary education is singer 
waste, it be prevented and that the funds at present 
available would obviously suffice for a great extension. 
'Pile mere passing of a Compulsory Education Act 
evt'n in those areas where compulsion is con.sidercd 
desirable will not in itself either bring children to 
schools or keep them there. 'Phe effective adminis- 
tration of the Act is neces.sary. 

We arc of opinion, the committee observe, that 
a much more rapid advance in compulsory primary 
education is possible in many provinces and that the 
best lines of advance are similar to those of the 
Punjab (and other provinces) where compulsion is 


applied not to the province as a whole, perhaps not 
even to municipalities, but to village areas where the 
majority of the children already attend school and 
to selected wards of a municipality. Wc .should like 
to sec all provinces make a survey of the existing 
schools as has been or is being carried out by the 
United Provinces and Madras with a view to the 
wi.ser location of schools, the improvement of ineffi- 
cient schools, the closure of unnecessary ones and the 
amalgamation of others. It should not then l)e diffi- 
cult after a survey and study of different districts to 
formulate a programme spread over a number of 
years, which should aim not only at the development 
of primary education in those districts, but also to 
the extension of compulsion. Such a survey should 
be carried out by the (Toverninent inspectors in coii- 
siiltalion with the local education authority. 

Tlie Annual Report of the Educational Commis^ 
sioner 

The annual report of the Educational (j)mmi.ssioncr 
with the Govcrnincnl of India during the yt'ar 
which has just been released for publication gives 
expression onc<* again to the sorry stale of education 
as imparted in this country. All arc agreed, says 
the report, that slagiiation and wastage arc appal- 
ling, that the administration of primary education by 
local bodies shows no imj)rovcment and is thoroughly 
inefficient, that compulsory primary cdiu'ntion appears 
as remote as ever, that the annual increase in the 
percentage of literates is disconcertingly small, tliat 
the universities contain many students who arc 
unfit to profit by higher academic studies, that »m- 
cniployment amongst the cducatt:d classes is common 
and that provision for the education of girls is ludi- 
croiKsly inadequate. The Education Commissioner 
holds the same view as the C-oinmiltce ap))oinlcd by 
the Central Advisory Hoard, as referred to alM)vc 
and says that “ the plea of lat^k of money can no 
longer excuse apathy, for the money now available for 
primary education could support a wide expansion, 
were administration more austere and wastage eradi- 
cated.” 

The number of educational institutions, according 
to the report, has decreased by 2,052 from 250,203 in 
1035 to 251', 211 in 1.930. 'I'he decrease is mainly in 
primary .schools and is generally due to the elimina- 
tion of inefficient schools. It need not therefore give 
cause for alarm especially when the enrolment has 
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increased by 309,280 to 13,816,M<9 in the year under 
review. The total expenditure on education in 
Hritisli India has increased by about Rs. 81 lakhs, i.e., 
from Rs 26 J erores in 1935 to Rs 27 erores 33 lakhs 
in 1936. Of this increase of 81 lakhs, only Rs 9.J 
lakhs was spent on the institutions for girls. The 
number of .students in the universities in India includ- 
ing professional colleges increased by 7,105 to 12 I,.508 
in 1936. 

Primary Education of Girls 

The women’s Education ('oiiiniitlee of the Central 
Advisory Hoard of Education has recently reported 
on the girls’ prirnarv education in India. It deals 
with, in detail, the various important points often 
raised in connexion with girl's education in our 
country, and the report demands close attention in 
view of the general apathy and laxity in matters of 
female education, though (»f late, it is reassuring to 
find, a little mon* interest is being taken of it. The 
('ommittee was presided over by Lady Grigg, and 
consisted besides the Commissioner of Education 
with the Government of India, of several inspectresses 

of selioids and ])ersons interested in girl’s education. 

« 

The aim of the primary school, the Committee 
slate, quoting with a])provHl from the Hadow Report, 
should be " to develop in a child the fundamental 
human powers and to awaken him to the fundamental 
interests of civilized life so far as these powers and 
interests lie within the compass of childhood, to en- 
courage him to attain gradually to that control and 
orderly management of his energies, impulses and 
emotions, wdiich is the essence of moral and intellec- 
tual discipline, to help him to discover the i<lea of 
duty and to ensure it, and to open out his imagination 
and his .sympathies in such a way that he may be 
prepared to understand and to follow in later years 
the highest examples of exeellcnee in life and 
conduct.” 

It is not so much a matter of teaching a pres- 
cribed minimum of knowledge in certain subjects 
necessary though this knowledge might Ik*, as of 
providing opportunities for healthful activities. The 
curriculum should, therefore, be tiuuight of not so 
much in terms of knowledge* to be acquired, as in 
opportunities for each child to occupy her.self in wise 


adjustme-nt to her environment and to the .sot'iety 
of which she is a part. In short, as Mr Wood says 
in the recent re])ort on vocational education in India, 
the child “needs experience rather than instruction.” 

I'he Committee feel that in ])rimary schools no 
<ii.stinetion in curriculum is in*c*essary, as the interests, 
activities and the life of young children arc much 
the same wdicther they are boys and girls, nor need 
the methods of teaching this eurriculuin be different. 

'rile Committee, therefore, prefer mixed .schools 
to .separate .schools for boys and girls not merely on 
the ground of economy but educationally, and urge 
that every effort should be made to increase the 
sup])ly of suitable women teachers and heartily 
endorse the opinion of Mr Wood in his n*eent report 
that “ until a system of infant classes staffed by 
trained women is established in India, education will 
remain unsound at its very foundation.” 

Because of the need of ndating the child’s 
activities to her environment, emphasis on the 
“ content ” of various subjects will differ according 
to the location of the .schools. Thus a town .school 
affords greater opportunities for emphasis on iii- 
du.strics, with as.sociated activities, whilst the rural 
school is better situated for outdoor activity, garden- 
ing and allied topi(‘.s. 

As regards English, the Committee arc of opinion 
that it should not form part of the curriculum of a 
primary school, although .several members felt that 
conversational English might continue to Ik* taught. 

While opinion was not unanimous in the (^nn- 
mittec on the question of the inclusion of religious 
instruction in the curriculum, there is agreement that 
education divorced from religion is sterile and that 
primary education without teaching the basic prin- 
ciples common to all religions is incomplete. All are 
agreed also that moral ideas and habits mii.st bt* 
developed, though there is a difference of opinion 
as to whether teaching should be direct or indirect. 

Physical training, according to the Committee, is 
as important as mental training and should include 
games, simple rhythmic movements, .song, drill, and 
simple drama. 'I'he aim shoulil Ik* not so mudi 
precision of movement, but such games and activities 
as will evoke enjoyment and give healthy exerci.se, 
as also posture, grace of movement and all those 
activities collectively known as eurhythmies. 
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After (liseussin|j; tlie fj^enerkl principles, the 
Committee eonelude tiiat the eurrieiilum of a girls 
primary school of four or five classes should consist 
of languages, which include reading, writing (hand- 
writing and expression), speaking; simple arithmetic 
not divorced from the experiences or environments 
of the child together with familiarity with the shape, 
size and weight and the simple properties of various 
common bodies and shapes, uccpiired through practical 
work; physical training for health, posture and 
enjoyment; handwork -such as drawing, simple 
cookery and laundry, needlework and suitable craft- 
work, which will not only help the co-ordination and 
adjustment of various activities, but will also help 
towards a child’s understanding of objects presented 
to her and allord an opportunity of self-expression; 
history, geography and science not as formal subjects 
»)f study but to give information, to arouse interests 
and to prepare for more serious study. Folk stories 
and legends should also be included. 'I’he child 
should know something of the heroes and heroines 
not only of her own country but of other countries, 
their tlec<ls of great events in the history of their 
own country and of the world. 

It is also dt'sirablc that she should know some 
thing of the life of (‘hihircn in other lands and she 
should be taught simple facts and laws of health, 
causes of common disea.ses, the more importatit 
features of plant and animal life and be encouraged 
to keep |)ets, whenever possible and to make collec- 
tions of various natural objects and to interest her- 
self in the .school garden. 

'I’he most important jioint, the C^ommittee 
emphasize, is not to regard the above as separate 
subjects, with text-books and prescribed periods on 
the time-table, but activities to hv taken up when 
siiitabh* opportunities occur. 'J’he Committee agree 
that a time-table might be necessary but the period 
should l)c cla.stic and changeable by the teacher ac- 
cording to the circumstances. 

'riic teacher is more important than any .syllabus. 
S^) curriculum can be satisfactorily taught and no 
school made attractive unless the teacher has an 
understanding of the principles underlying her 
methods and how tlio.se principles arc worked out 
in accordance with the child's nature. 
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Even the keenest young teacher requires help, 
guidance and kindly encouragement. 'Such help 
should come from the inspecting officers who ought 
to spend some considerable time in each school not 
with a view to fault finding, but to carry ideas from 
school to school to illustrate how they can be carried 
out and to stimulate the teacher. 

I..astly the Committee are of opinion that a simple 
test should be held at the end of the primary 
course, w'hich should consist of written papers in 
language, aritlimctic and possibly a paper containing 
ca.sy questions on the scope of geography, history and 
science courses. 

An Appeal to the Scientists of the World 

The whole world seems to be caught in the grips 
of war. 'rhe hounds of war have been lei loose in 
the West and the East. While the lawful republican 
govt rnmcni of Spain lias beeii fighting ilespcratcly for 
her democracy against a section of her people instigat- 
ed and aitfed by .some foreign powers, while .lapan 
is striving to establish per own authority 
on China and hold her in .servility, the Nazi 
(lermany sees it only proper and just to interfere 
into the affairs of Austria and bring it under its 
'•ontrol. 'Falks of non-intervention are t)f no avail, 
disarmament conferences fail, lrc*atics and ))aet.s an* 
treated with scant contempt as “ scraps of paper." 
'I'liat is the world situation, which is fast heading to 
a elimux. 

In these day.s of ignoble strife and dissension, of 
lust and hatred, of greed and fear, of pride and 
jealousy, it is reassuring to notice here and there 
attempts of .some well meaning, peace-loving per.sons 
who are earnestly hoping for peace in the world and 
trying their best towards the aeliievement of this tnid. 
Air appeal has reeently been issued by Dr Bbagavan 
Das, .M.I^.A., of Benares who has been for some tiim* 
past giving serious thought to this intriguing question 
and he has in it urged upon the scientists and edu- 
cationists of the world to unite and join hands to 
explore avenues for world peace, for he believes 
that the sokitioii of this lies with them. " How to 
check, he .say.s in his appeal, this advancing horror; 
liow prevent anotlier and far worse Armageddon; how 
ensure world-peace; how bring about world wide 
disarmainenl by niiilual agreement, how neutralize 
and deaden those deadliest, most powerful, most 
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destructive explosives, tlie evil human passions of 
whole nations — this lias, therefore, become the 
greatest, the acutest, the most urgent problem of the 
day. 'I’he scieiilisls who discover the elleetive 
solution of tills problem will have made the greatest 
and most benciicent discovery of all ages, and will 
win the veneration, nay, the worship of all mankind. 
The universities and the greatest, most thoughtful, 
most philanthropic scientists of tlie lime should bend 
all their energies to this greatest of all tasks, putting 
aside all others till this is successfully accomplished. 
They should teaeh to the world the best way Iti peace 
by means of the best form of social organization.'* 
We do not know what end. Ibis a])peul, however noble 
and earnest and well iriteiitioried it may be, will 
achieve. 'I'lie world today is ruled by brute force, it 
is hardly guided by km»wledge and wisdom. We see 
all around us that the weak are being (ippresseti by 
the strong, the poor exploited ruthlessly hy the rich, 
the helpless persei'uted by those, wlio hold power and 
uutliorily, - misuse of which is the order of the day. 
The result is that there is discord in the world. 
Humanity is in imminent danger. It therefore appeals 
to the scientists, if they can save it, and cries: 
“ Scientists of the world, unite and show us the right 
way, for humanity has everything to lose, it perishes if 
you don't; and if you do, it is saved, it lives, it (iiuis 
peace and happiness for all." 

Radio Research in India 

Wc had oeeasion to comment in these eolimins more 
than once on the necessity of the estahlishiiient of a 
Itadio Uescareh Boanl in India (vide Science and Citl 
ture, /. 755-58, ItKIT, WJ-72, 1987), Our eon- 
temporary, Satnre, lias alst) dwelt on this point 
several times in the past. We arc glad to note that 
it has again taken up the matter in a recent issue 
(Keh. 2(i, 1988) while referring to the Presidential 
Address of the late Lord Rutherford whi<-h he ha<l 
prepared before ids death for the Jubilee Ses.sion of 
the Indian Seicnec (^mgress. \A'e (juote below the 
remarks of Nature: 

" Referenee has been made, from time to time in 
the columns of Nature to the desirability of eneourag- 
ing the carrying out in India of fundamental radio 
research of the type sponsored by the Radio Re- 
search Hoard in Great Britain. This matter was 


referred to in the presidtuitial address prepared by 
the late Lord Rutherford for the recent Silver Jubilee 
meeting of the Indian Seieiiee C-ongress. It was 
pointed out that the investigations eondueted in Great 
Britain on the propagation of radio waves over great 
distances have considerably increased our knowlcflgc of 
the upper utiiiosphere. The details of the electrified 
regions of tlie ulinosphere vary eonsult*rably with the 
hour of the day and with tlie season of the year as 
well as with geographical location. The results are 
of great practical iinporlaiiee in the selection of the 
most suitable wave-lengths for radi<i eominunieation, 
and, in addition, it dues not seem impossible that 
such studies may prove of value in long range 
weather forecasting. There a])pears, then*fore, to be 
scope for research on this matter in a wide field and 
in various parts of the w'orid, and Lord Rutherford 
expressed the iiope that it w'ill bt‘ vigorously pursued 
in India. Reference was made to the very promising 
beginning that has already been elfeeted by Profs. 
S. K. Mitra and .M. N. Saha ami their students in 
attai'king fundamental radio prohlems. As an ins- 
tanee of tlie imporlant work which is in progress in 
other parts of the Knipire, mention w^as made of the 
admirable progress made in this field by the Australian 
Ratlio Research Board, which was estuhlished nearly 
leii years ago." 

New Cavendish Professor 

William LawTence Bragg has been chosen to siie- 
ee«‘d Lord Rutherford of Nelson as C’avendi.sh 
Professor of Kxperimeiital Physie.s at Cambridge. One 
of ilic most brilliuiit seicidists of the day, Prof. Bragg 
was l>orn at Adelaide, South Australia, on .March 81, 
1890. He was ednealed first at St. Peter’s College, 
Adelaide ami the .\delnidi' University, ami then at 
Trinity College, ('ainbridge, of which he became a 
Fellow’ and a Leeliirer in Natural Seieiiees in 1911 
w’hen he was only 21. A year later he was awarded 
the Nobel Prize in Physics jointly with his father 
Sir William Bragg. ()..\L, D.Se., K.R.S. for work 
on X-ruy and crystal striietnre. Prof. Bragg left 
Cambridge in 1919 to take the chair of physics at 
the Victoria University of Manchester, ami last year 
beeanu* the Dircetor of National Pbysieal Laboratory. 
Men of Science all over the w’orid w’ill agree that no 
better choice could he made to take charge of the 
Cavendi.sh Laboratory w'here Lord Rutherford and Sir 
J. J. Thompson before him did .so miu*b notable w’ork 
on the atom. 
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Important . Archaeological Discovery 

The discovery of several coins of the 10th-12lh 
century A.l). and of live large earthenware jars of 
an earlier period is reported from an old city close to 
Moradabad. 'I’lie place which is known by the name of 
Ujjain Fort, was visited by (ieneral Sir Alexander 
Cunningham 75 yt ars ago and identified as the city of 
Govisaiia mentioned in the accounts of the travels of 
the dnnese pilgrim, Hieun Tsang. The ruins, as 
marked by conspicuous mounds, extend over about five 
miles to the north and a mile and a half to the south, 
but the. width docs not exceed three iurlongs. It is 
perhaps the long and narrow sha])e of the city which 
accounted for the name “ Govisana,” cow s horn, and 
the peculiar configuration may have been due to the 
fact that the city was situated on the high bank of the 
river Kosi, of which several distributaries run in the 
neighbourhood. 'I'hese ruins, which are covered with 
thick jungle, were recently visited by Mr. Madho 
Sarup Vats, Deputy Director General of Archaeology 
in India, who made some trial soundings. From the 
uppermost stratum came a few coins of the 10th- 1 2lh 
century A.D., and what seems to he an earlier level 
of occupation is represented by live large earthenware 
jars with broad mouths and rope ornamentation arouml 
the shoulder. 'I’lie latter are associated with large 
sized bricks about Id inches long which go back to 
the Gupta period and may even be earlier. 'I he trial 
trencln*s show that regular excavation in the area is 
likely to prove fruitful. 

The Flood Problem of Orissa 

'riie calamity parts of India have to face every 
yiar line to flmuls is severe. 'I'lie question of HiwkIs 
1ms been agitating the minil of all lovers of India for a 
long time, but nolliiiig substantial 1ms been yet done 
to solve it. Tile (iovcriimeiit of our eoimtry wlio.se 
duty it is to tackle sueli problems for the safely of the 
people and improvement of the regions affeeted by 
such ealastroplics would not eonsider its solution a 
])raetieal proposition for iinaneial reasons. Re- 
commendations of experts and committees set u|) with 
a view to find out ways and means for this serious 
])roblem are seldom given effect to, and, if at all, partly 
and inadequately, 'file province of Orissa is parti- 
cularly a victim to yearly floods and much of Orissa s 
miseries will end if this problem is suceessfully tackled. 


Ill 1928 a committee with Mr. C. Addams Williams, 
C.I.K., M.I.K., Chief Kngineer to the Government of 
Bengal, was set up by the Government of Bihar and 
Orissa. Its recommendations were very insufficiently 
given cifect to, on financial grounds. After the Iasi 
deva.stating flood of August 1987, from which Oris.sa 
particularly suffereii, tlic Government .of Oris.sa 
approached Sir. M. Visvesvaraya through Mahatma 
Gandhi for tackling the problem of floods in the pro- 
vince. »Sir .M. Visvesvaraya recently submitted a preli- 
minary note on this subject, wdiieh has been published 
by the Government. Jii this note, he makes a survey 
of the situation, repeats the findings of the 1928 Com 
mittee, and adds his own reeommeiuiatioiis. He 
emphatically stresses the need of systematic investig- 
ation of the problem and of a eomjirehensive ])lan, and 
strongly recommends the establishment of a Flood 
Protection Board, eom))osed of leading officials and 
representatives of the people. 

The object of tlie remedial measures for the pro- 
It'etion of a flood-affiieted area should he to train tiu‘ 
rivers on their w’ay to tlu‘ sea by eonstnieting [iro- 
teetive embankments, judicious dredging. Hood eseapi-s, 
etc., by removing obslaeli‘S li» Hoods, t)})ening out 
estuaries and making cuts through sand hanks leading 
to the .sea, so that nowhere in the area allVcted may the 
Hoods exeecfl a reasonable depth, or remain loo long 
to injure the standing (Tops. 'I'he jiroblt'in slunild lu* 
eon.sidcred for each river separately. 'I’lie ana 
affected by more than one river will rc(|iiire special 
examination and treatment. 

'I’he rceommeiidations of Sir M. Visvesvaraya in 
these ciremii, stances may be summari/isl as follows : 

(i) 'I’wo competent engineers of the rank of Kxi- 
eutive Fingineer may lit* up))oinLed for the iireliminarv 
investigation work needed. I'hey should be given 
adequate .subordinate staff' and .set to work in two 
divisions into which the entire afft'ctcd area may he 
divided. 

(ii) Tlicir very first work will be the. eolleetion 
of data and essential information from past reiiorls 
and records and also by local investigation, and prin- 
ting the same in a eoneise, intelligible and altraelive 
form. 

(lii) It is necessary to eonduet a systemati • 
survey and collect hydraulic data, statistics of populal 

I 

55^ 


SCll&NCE ft 
C V L T V B E 



NOTES AND NEWS 

tion, production, and otlirr information rclatinf^ to the 
area liable to inundation along each river. 

(iv) A eommittee of three expert engineers may 
be a])poinied as a.i advisory body to supervise the 
leehnieal side j)f tlie work of the special staff and 
maintain a eontimioiis study of flood problems. 

(n) When a complete statement of new works 
and improvcmf'iits iicet'ssary is prepared for each river 
along with the statistical information relating to the 
population, produ(‘tion, etc., the cost of the proposed 
works should be considered with reference to the 
population and interests protected, or in other words, 
in relation to their aineliorntivc value, and decision 
should be arrived at as to what works should hv taken 
up for execution and what money ‘it would be reason* 
able to spend on tlu-m. 

(n/) Then should follow a general compilation of 
all the results of investigation including approximate 
estimates of eosl of all the works proposed, so that 
Oovemment may he able to decide, with th<‘ advice of 
an expert eommittee, if lu'eessary, on a eompreheiisive 
plan and programme to he adopted ami the total 
anioiinl of ea})i(Hl to be expended on the measures as 
a whole. 

(rii) After arrangements are made for fitianeing 
the works, detailed estimates should be pntpared for 
the various seheines one by one and arrangements made 
for their <‘xeeulioii in the order of their urgency ami 
importance. , 

(rn’i) 'rile main point to decide is what capital 
and recurring outlay would he needed and how raueh 
money, having regard to their resources, (Jovernment 
would be justified in spending «m progressive flood 
control both in the semiproteeted and unprotected 
areas. 

'rhe cpieslioti of improveiiieni to the tra<’t hang.s on 
linanee. Once that question is settled sati.sfaetorily, the 
actual surveys, the prejiaration of detailed estimates 
and their examination and approval by experts will 
offer no serious diffieiilty. 'I’he organization for 
schemes and eonstnietion of works will follow aiilo- 
inalieally. When that stag(‘ is reached, the Govern- 
ment establishments will be found quite ciunpetent 
to take up tlie thread and l arry forwanl the .scheme to 
a speedy and sueec.ssful conclusion. 
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Sir M. V’^isvesvaraya in eom-Iusion makes lh<* 
following ob.servation.s which deserve careful and seri- 
ous consideration : 

“ 'riie Report of the C’ommillee is valuable 

as a starting point. 'I’he first move in the furtherance 
of the (’orninittcc’s work slioiild he to undertake the 
preliminary investigations necessary, that is, invesliga- 
tions recommended by the (Dimmit lee’s report as well 
as tho.se. suggested in this note. When the investiga- 
tions have made .some progress and rough estimates 
of cost of proposals are ready tlie resp«;nsihilily will 
devolve on Government to decide with the help of 
expert engineers what capital outlay to incur on the 
works and over how many years to spread such out lay, 
in other words to prepare a eompreheiisive plan and 
programme. Save such emergency works as may he 
needed to give immediate relief all new works under- 
taken should he in aeeordanee with and form part of 
such a plan. 

“ The Ci'mi Util tee have slated that no trace exists 
of any general enquiry into a discussion of the Orissa 
flood ^voblem during the fifty years following 
Mr. Riiind’s Report of 1872. Such a general enquiry 
is Aw overdue. It i* an old engineering les.son which 
.say.s \!»at time a; .1 money judieiously spent in .scienti- 
fic investigations is a prime economy. So long a.s the 
methods adopted happen to be haphazard and un- 
scientific, (iovernment will not have full confidence in 
the eflieaey of the measures they might undertake and 
the peof)l(^ inhabiting the areas will be always living 
in imeertainty and apprirhension. If on the other 
hand the developments proceed on seietilifie line's after 
full investigation, the situation will clarify a.s lime goes 
on, and whatever works are executed, whether small or 
large, will be fulfilling the intentions for a eonipre- 
hensive plan. All parlies will know where they stand 
and such funds as Government may be able to spare 
will be pul to the best use. 

“ As the river bed levels will be rising and the 
river eoiirse.s undergoing frequent changes the protec- 
tion operations should also he modified to suit such 
changes. The investigations should not cease even 
after a plan and programme are prepared. 'Fhe w'ork 
.should continue until the position of each river is more 
and more correctly umlerstood and its behaviour more 
tlioroughly mastered, until the river regimen becomes 
increasingly stabh' and more and mon^ area is brought 
under protection, and until both the engineers in 
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<*lmr^c of the develo])ments ntid the people interested 
in them are able to foresee where the next heavy flood 
is likely to eause damaj^e and be prepared with 
measure to mini mi /.e tin* loss. 

" One refoark shoiiiil be added in eotudusion. The 
situation should be fared with eoiira^e, the investiga- 
tions should be eon.stant and eontinuoiis until the flood 
menaee is brought under scum' eontrol. To my 
personal knowledge, during the jiast forty years the 
Indus river delta in Siml has greatly improved by 
sueh treatment. Mr. C. A. Moek, an American 
Kngineer, writing in the " Enffinverintj Sews-Uecord 
of Mav, say.s: 

“ ‘ There is great need for flmid-eonlrol works in 
many places where the cost of pr<»tcetion i.s at the 
present time elearly beyond the resemrees of the eom- 
miinity and where part protection wnidd be inadvis- 
able. 'riie answer to these situations sljould not be 
one of hopele.ss abandonment, deliberate neglect or 
blind refusal to reeogni/e the problem.’ 

“ ‘ 'I’he three es.sentials for meeting this problem 
are publicity, planning and authoritative eontnd.’ 

“ He also ad<ls in the sam<‘ article; Huge sum.s 
have been wasted on floodrcontrol worU.s lacking 
«*omprehensive planning.' 

“ In a (fovernmeiit statement showing the efl’eet 
given to the Flootl (’’ominittee’s recoinmendation.s it 
is ineniioned that many of the proposals <*oidd not 
be undertaken either on ac(‘oiint of the opposition of 
vested interests or lack of funds. IVhal itt here 
stiff ffexted as an essential preliminartf, is not cost! if 
words at once but investiffntinn to place the whole 
scheme of things nn a scientific basis. The investiga- 
tion work .should be proceeded with and the eom- 
prehen.sive plan referred to should be prepared even 
if no thought is entertaineil of carrying out all the 
works that may be propo.sed in the near future. 

" ronstriU'tion must inevitably tolhiw. Govern 
ment should go to the limit of their resources to execute 
the plan, ensure ])rogressive improvement of the tract 
and pul confidence and hope into the people.’’ 


Research in Goat Pneumonia 

A bad type of disease wdiich has been of great 
concern to the goat breeders in India recently came 
up for investigation at the Imperial Veterinary 
Research Institute. This is the Goat Pneumonia, a 
disease chiefly ob.sei'ved during the lean months of the 
the year when gra.s.s and herbage are scarce. It is 
believed that dietetic factors control the incidence of 
the di.sease to a marked degree. Work on this disease 
at the Institute has been directed largely to an attempt 
to confirm previous opinion that the disease is of 
virus or bacterial origin. It has been found im- 
pftssible to reproduce any type of the di.sease in 
healthy hill goats, which are peculiarly susceptible to 
inoculation experiments, by the inoculation cither of 
filtered or unfilt(‘red lung, pleural or mixed tissue 
extracts from di.sca.scd goats at various stages of the 
di.sca.s(‘. Nor has it been possible to i.solate in culture 
any predominating organism to which dirt‘ctly 
pathogenic properties can be ascribed. A histological 
e.\arnination of pieces of lung .sent from .several pro- 
vinces where the di.sea.S(^ is enzootic has not indicated 
a virus type of pneumonia. On the contrary, the 
o))inioii is expres.sed, the type is essentially verminous. 
It is believed as a result of olvscrvations made that 
contagious picuro pneumonia of goats is primarily a 
parasitic broncho-pneuinonia, that most goats are 
potential victims of the disca.se, and that the acute 
terminal pha.se j>f the di.sease is determined by a 
break down of tissue resi.stance consequent on low'cred 
vitality induced by malnutrition. Secondary 
organi.sms normally pre.sent in the respiratory tract 
are finally respon.sibic f«>r the s]ictie pneumonia which 
completes the syndrome. 

New Palit Professor of Physics 

Prof. I). M. Hose having taken leave for one year, 
with a view' to join the Ho.se Research In.stitute as 
its Director, Dr M. X. Saha, Professor of Physics 
of the University of Allahabad, has been appointed 
in hi.s pla<'e as the Palit Profe.ssor of Physics in the 
Calcutta Univcr.sitv with efl’ect from next July. At 
pre.sent the post is for one. year, but the Calcutta 
University hopes to retain the servi<‘es of Prof. Saha 
permanently. 
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Science in Industry 

Production of Artificial Silk from Cotton 

Production of artificial silk in the world is small 
compared to that of cotton, but its possibilities for 
expansion arc f<rcal. Its cost is much cheaper than 
silk and about 30 per cent more than cotton. Owing 
to its cost artificial silk can compete for many purpos«‘s 
with mercerized cotton. India imports annually on 
an average over 80,000,000 yards of artificial silk and 
over 10,000,000 ])ounds of artificial silk yarn. In 
1037 India imported 90,37‘1',00() yards of artificial 
silk piccegoods, and 11,51.5,000 yards of artificial 
silk mixiun-s the largest im])orts ever made by this 
country. 'I’he import for artificial silk yarn for the 
same period was 17,028, XHl lbs. Between 70 and 
80 per cent of the yarn is used by hand looms ami the 
rest by power looms for mixed fabrics an<t fancy 
designs. 

There are four processes of artificial silk making, 
'riiese are the viscose process, the collulose-aeetate 
process, the nilro-cellulose jn’oeess, and the eiipro- 
ammonium process. Of these the first two processes 
are mainly employed to produce artificial silk fibre 
for commercial j)urposes. At prc*sent a v» ry large 
proportion of artificial silk is maniifaelured by the 
viscose process, the Cniletl States of America topping 
the list of pnaliieiiig countries witli Japan n<*xt. 
India produces enormous (piantities of short staple 
cotton and there is a large surplus of it available in 
this country. 'I’lic C.’entral C’otton Committee, being 
interested in the possibility for uses of this cotton, 
proposes to instal a pilot plant for cxpt^rimeiils which 
should give results more or less on an industrial scale. 
It the experiments with this new jdant, for which a 
sum of Its 30,000/ has been allotcd, prove successful, 
a new use will be found for the surplus staple cotton 
available in India, to the great benefit of cotton - 
growers, workers and the industry in general. 

Indian Sugar Manufacture 

The Director of the Imperial Institute of Sugar 
Technology, Cawnpore, has drawn up a note on the 
efficiency of sugar production in India, covering the 


entire period of production from the season 1932-33 
to the season 1930 37. In comparing figures for these 
seasons allowance should be made for two abnormal 
years. 'I’he season 1933-31- was airecled by the Bihar 
earthf|uakc of 1931-, as a result of which several 
factories, as well as railways and roads were damaged 
in Bihar. The damage to the standing crop was not 
s»*rious but it became considerably deteri«)rated by the 
time necessary n‘pairs were made anil the cane was 
crushed. During the next season, 1931 -35, tin* cane 
er(»p in tin* Punjab and the w(‘stern parts of the 
Tniled Provinces was s<*riously damaged by alta<-ks 
of pyrilbi and other ])ests, followed by frost. 'I’he 
(pialily »>f cane, the note state's, has improvcfl as a 
wlmh*. Fibre percemtagr of cane has increased. 'Phis 
is a d<*feet from the point of view of milling, as it 
reeliices milling eapaeiiy and increases hisses in ba- 
gasse. 'Pile higher average fibre content appi'ars to be 
due to more ratoon I'ane being supplic‘<l to factories 
and also to crushing being cofitiniu'd even after the 
cane is over- ripe and partially dry. Improvement in 
quality of cane is most pronounced iu the Punjab, 
Sind and the United Provinces. Bihar does not show 
any improvement, but this mtiy be due to the con- 
siderable incriasc* in the c-rushing period. 

No exact figures are available ftir the cost of culti- 
vation of cane, but it is believed, that this varies 
between 3^ annas and 5 annas p»*r niaund »‘xelusive 
of tra!isport charges. On the whole there was an 
all-rouiul imiirovcmeiit in the cflieieMcv of manufaelur- 
iiig proi*essi‘S. But there is still seojie for im})r<ive- 
ment as compareil with some other countries. The 
principal by products of sugar factories were bagasse, 
pre.ss mud and molasses. Bagasse was (‘xelusively 
used as fuel and very few fa«*tories had so far suffi- 
ciently largi* surpluses of this to require any special 
methods for utilizalior). Press mud had not received 
any attention as its principal ust* was to make manure, 
and the factories in Northern India were not growers 
of cane. .Molasses was the most important by-product 
of the sugar industry and the considerable fall in its 
prices had meant a substantial addition to the net cost 
of production of sugar. On the whole it may be said 
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tlmt there had been a general improvement in the 
quality of sugar inanufaeturcd in India with respect 
to colour and size of grain, but there was still consider- 
able scope for improvement, specially in regard to 
reduction of mixed grain and poor colour. 

Indian Paper Industry 

The progress made hy the paper industry in India 
under the sc-heme adumbrated under the Bamboo 
Paper Industry (Protection) Act, 1926, has fully 
justified the policy of discriminating protection sanc- 
tioned by the. (Jovernmenl of India in 1925, says a 
Note, submitted to the Tariff Board by the Imperial 
Forest Research Institute, Uchra Dun, on the present 
position of the paper industry and the possibilities of 
its future development, 'riie Note points out that 
during the period 1921-26 to 1956-37 the production 
of writing and printing papers by Indian mills increas- 
ed from 23,331 to 43,951 tons i.e., by nearly 88 per 
cent, while imports of the “ Protected varieties de- 
creased from 20,039 to 11,839 tons, i.e., by nearly 
41 per cent. The protection granted to the industry, 
therefore, has enabled the Indian mills not only to 
supply the entire increase a consumption of 12,420 
tons of writing and printing papers of the “prote<*ted” 
class during this period, hut has also enabled them 
to capture 8,200 tons, or about 41 per cent, of the 
foreign imports of these papers. 

'rhe balance of the imports, about 12,000 tons, 
consists of a large number of superior and spet;ial 
varieties of writing and printing papers. The manu- 
facture of these has not hitherto been undertaken 
by the Indian mills partly because they have been 
occupied in capturing the expanding market of the 
ordinary grades of writing and printing papers, and 
partly because of the individual varieties was too 
small to permit their production on economic basis. 
The expansion of the writing and printing paper 
industry in India during the last 12 years has been 
based largely on the use of indigenous raw materials, 
i.r., bamboo and grass which was stimulated as a 
result of the imposition in 1932 of the protective duty 
on the imports of wood pulps. In 1.935, a conference 
of representatives from the paper mills of this 
country w'as convened in Calcutta by the Forest 
Research Institute with a view to co-ordinating 
research in bamboo so as to enable the industry to 


take advantage of the latest scientific developments 
for its healthy growth. Co-operative research on cer- 
tain problems suggested at the conference is in pro- 
gress at the Forest Research Institute, and this work 
is being helped in a small way by the paper industry 
itself, which now subscribes about Rs 4,000/- 
annum towards the expenses of the Paper Pulp Sec- 
tion at Dehra Dun. 

The Note mentions that there is a vast scope for 
the manufacture of packing, printing, wrapping, 
newsprint cheap printing paj)er8 and hoards of various 
kinds in this country. hiXperiincnts have, therefore, 
been initiated at the Forest Research Institute to ex- 
plore the possibilities of manufacturing these papers 
and boards in India, ('oncliiding the Note says, “ The 
present world economic* and political conditions re- 
quire that India should he self-sufficient as early 
as possible, not only witli regard to most of her 
needs for papers anil boards but also as regards the 
supplies of cellulose and cellulose products which arc 
assuming an increasingly important role in the cco 
nomy of human progress and civilization, both in 
times of peace and war. While, as a result of the 
protection granted to writing and printing papers in 
1925, the country is well nigh self-supporting as far 
as these papers arc concerned, she is still dependent 
on foreign countries for her requirements of news- 
prints and cheap printing and packing papers. 
Research is in progress to enable the manufacture of 
thc.se papers to bt* undertaken in India in due course 
of time. “A re-adjustment of the tariff schedules 
for the import of meehariical wood pidj).s and old 
newspapers may, however, induce the establish men I 
of mills for the manufacture of these papers in Hu- 
immediate future. 'I’liis would enable the country t > 
have requisite plant and machinery for the supply 
of all her requirements of paper and hoards and thus 
be prepared for an emergency. A reasonably liberal 
expenditure on research is in the long run more e«o 
nomical to the tax payer than the indefiniti 
continuance of protection or siib.sidy. In fact the 
provision for organised research ought to form a 
necessary part of any measure, of protection granted 
to an industry. 

Illimitable Deposits of Marble in N. W. F. Province 

That the North-West Frontier Provinee is well 
supplied with excellent white statuary marble and 
has illimitable quantities of banded marble suitable 
for building purposes is the conclusion reached by 
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Dr ('oulsoTi in u paper published in Part 2 nf Vol. 
72 of lilt* Records of the 0(*olo^ieal Survey of India. 
He deseribes the oeeurreiiee of marble and dolomite at 
Ghundai 'Paruko, a liill forming part of the boundary 
between the Swabi tahsil of the Mardan district and 
the Rimer Irael Swat in tlie North-West Frontier 
Province and considers that the largest quantities of 
statuary marble will be found in the (ihundai 'Parako. 
In a contribution made last year Dr ('onlson deserih 
cd the marble occurrences of the Swabi tahsil and of 
Khyber Agency, and suggested that, to keep up a 
regular supply of first class statuary marble and to 
develop the marble industry in the province, it was 
advisable to develop siinultaiiec)usly the Shahidinetia, 
Kainbela Khwar and Alaneri ileposits. Also every 
care should be taken, be said, to extract the less 
valuable, bandeil, relatively impure marbles at llie 
same time as the pure white marble, which at all 
times will command a market. Ry doing so, large 
quantities of good quality banded marble, suitable for 
tiles, facing, and general building purposes, which 
would otherwise be wasted, would be available in 
addition to the statuary marble. 'I'hese remarks, Dr 
Coulson urges, still hold good. He adds that care- 
ful selection of sitevs for development should be made, 
taking into consi(h‘ration the type of stone required, 
and is of o])inion that possibly the best sites will 
be found in the neighbourhood of the main peak 
on the Mardan side of the ridge. 

Industrial Development of Bihar 

The province of Bihar has under the new Congress 
ministry already made considerable progre.ss in in- 
dustrial development, and several new schemes are 
being planned in furlheraiiee of this end. The main 
items on which the Department of Industries has 
centred its activities are, according to a pres.snote 
issued by the Information Officer of Rihar: 

(1) Technical and Industrial Trainimj: 

(fl) Establishment and control of Government 
institutions for imparting technical and 
industrial training. 

(h) Grants-in-aid to private technical and indus- 
trial institutions. 

(c) (Jrant of scholarships and stipends for 
training in and outside the province and 
also in foreign countries. 


(d) Imparting advice in matters relating to 
training of students. 

(2) Industrial Detudopmenl : 

(a) Improvement of the industries by render- 
ing technical adviir and assistance. 

(h) Propaganda and demonstration work in 
such industries which have prospects of 
development. 

(c) Controlling institutes for handicrafts leach- 

ing; commercial organizations for the 
popularization and extension of markets 
of the products of cottage industries and 
participation in exhibitions and fairs. 

(d) Development of fisheries. 

(e) Finaneia/ assistance to industries — Adminis- 

tration of State Aid to Industries Act 
and the Rules. 

(/) Preparation of industrial schemes and pro- 
jects and carrying on industrial survey.s 
as deemed necessary or justified. 

(</ ; Develojnneiit of simple improved ap])lianees 
suitable for cottage workers. 

{It) Industrial experiment and re.search. 

(/) Collection, collation and dissemination of 
industrial intclligi'iice. 

'riic Survey Schools at Patna and (bittack were 
n'organized, developed and improved — the former 
being now a fiill-fiedged college of engineering offer- 
ing teaching of civil engineering up to the degree 
course of the Patna University and the latter an 
uplodate engineering school teaching up to the senior 
deploma standard. The old industrial .school at 
Ranchi has been developed into a technical trade 
school. Also a technical institute has been opened at 
Aluzaffarpur. Resides, facilities for technical training, 
which did not exist for the boys of the province 
before, were made available to them by the liberal 
grant of scholar.ships and stipends in technical insti- 
tutions and industrial firms outside the province. 
Under this scheme some .*10 to 40 boys arc regularly 
receiving technical and industrial training every year 
in various subjects. 'Phe Department of Industries 
is also said to be helping private efforts in providing 
industrial education by giving libera] grant.s-in-aid. At 
present more than 2,000 boys are in industrial training. 

Tlie development of cottage industries is receiving 


Vol. UI. Ko. 10 u 
AFBIL lOSOj^ 


667 



SCIENCE IN INDUSTRY 

dost* attention of tlie Government, and under the 
State Aid to Indiisiries Act, the Department has 
redered financial assistance to several indifi^enous 
industrial firms. The Department has also undt‘r 
eont(‘mplation several schemes. Somt* of these which 
arc likely to be lirou^lit into operation in the iiiiiiie- 
diate future are (l)trainiu^ of women workers of the 
Jharia coal fields in weaving and basket-making 
W’ith a view to provide einpl<»yment to those? who will 
be discharged from under-ground work as a result of 
the new legislation passed by tin* (Government of 
India ; (‘2) arrangement for higher training in 
mechanical and electrical engineering with a view to 
make qualified youths of the province* fit for holding 
im])ortant positions in industries ; (.‘t) installation of 
silk twisting ])lant at the* Hhagalpur Silk Institute 
which is expeele il to give considerable impel us to the 
indigenous silk and tasar industry aiid ( imparting 
training through peripatetic j)arties in the* art of 
tanning and making of le'ather goods which, it is 
hoped, will become very important and prosperous 
cottage industry eif the province*. In addition to 
these there are other important anel useful seheiiies 
which may be brought into operation if and when 
fiinels permit. 


A New Cement Factory in Bihar 

The opening ceremony of a new cement factory 
at Dahniaiiagar, Dehri-on-Son, Bihar, was performed 
by His Excellency Sir Maurice Hallet, Governor 
of Bihar on March 20 last. The factory owes its 
existence to the industrial enterprise of Seth Ram- 
krishna Dalmia, who in his address of welcome 
characterized his efforts as a mere drop in the ocean. 
He felt that much remained to be done, and visualized 
an era when India would not lag behind other 
countries in industrial progress. 

This newly opened cem<*nt factory at Dalmianagar 
is claimed to be the largest single unit concern in 
India with a capacity for 500 tons. It is one of the 
long chain of seven more factories to be spread all 
over India, n/"., two in Madras, two in the Punjab, one 
in Giijrat, one in Sind and one at Dalmianagar. The 
total output of these factories will be 8,00,000 tons 
of cement. 

Our Industrial Articles for April 

“ 'riic (Glass making Santis of Bargarh " by Mr 
M. L. Misra, ainl “Soft (’oke and tht* By Protluets ” 
by Mr B. B. Niyogi, which a|)pear below, form the 
articles of this st*(‘tion for our .Vpril issue. 


The Glass-Making Sands of Bargarh 

M. L. Misra 

Department of tieoloity. Benares Hindu Univorsity. 


'rile well-known sandstone beds occurring near 
Bargarh, 88 miles .south of Allahabad, arc the chief 
sources of supply of glass sands to all the glass 
factories in North India. Although the Bargarh 
sands are used in the glass industry in large quantities, 
little useful and .scientific information is available 
about them excepting a few eliemieai analyses done in 
India and abroad. Considering the importance of 
thc.se .sands to the glass industry and the jiresent state 
of our knowledge about them, it was thought tlesirabh’ 
to study their oeeiirreiiee in the field and their chemical 
composition and mieroseopii* eharaeter.s in the labora- 
tory. The present communication contains the results 
of these investigations. 


'Flu* sandstones occurring south of Allahabad first 
present themselves near the Jasra Railway Station 
and one finds a chain of sandstone quarries along the 
railway line between this station and Bargarh. 
'File country is rocky anil fiat and from the general 
level of the fiat surface low hills emerge out here and 
there. These sandstones con.stitute the lower portion 
of the Upper Vindhyan formation. 'Fhey dip N. W. 
at an angle of 4 to 7 degrees and are interbedded at 
places with thin beds of greenish looking shales. 
'Fbc sandstone is massive and cultivation is carried on 
wherever it has been covered up by soil. Sometimes 
lateritic concretions are also seen to conceal the sand- 
stone beds. 
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Tlic sandstones are compact, and dirty white and 
light pink in colour. Amidst these compact sand- 
stones are found incoherent masses of sand of irregular 
shapes and these are the places which arc selected 
as sites for the glass sand quarries. 

By the study of the sands at difl'erenl cpiarries 
situated near Jasra, Lohgara, Shankargarh and 
Kargarh railway stations, it was found possible to 
divide these sands into three* grades; (A) white, 
(H) dirty white, and (C) yellowish. Representative 
sands of each of the grades were analysed in order 
to confirm the three grades established in the field. 

The results of the analyses are given in the folbiw- 
ing table. Other available analyses have also been 
included for the sake of (‘omparisoii. 

TABLK I. 



Sil).. • 

A 1,0, 

Fe,0, 

Vtii) 

MgO 

Loss on 
Ignition. 

Total. 

1. (.\) 

97.09 

1.72 

.04 

,28 

'fr. 

.54 

100.27 

'1. (A) 

SKS.LM 

1 .2;t 

.05 

.40 

Tiu. 

.80 

100.22 

:t. (M) 

90.9 

i.o:i 

.10 

.54 

Tra. 

.49 

!(9.00 

•1. ((’) 

97.l>:i 

1.0 1 

.12 

.81 

.18 

.55 

99.78 

5.(1)) 

90..1 

i..5;{ 

.50 

.49 

.51 

.51 

99.84 

(5. 

04.80 

2.75 

.15 

.20 

.59 

1.0 

99.55 

7. 

97.8 

1.024 

.080 

.20 

Tin. 

.00 

99.77 

' 

97.58 

1.52 

.10 

'fni. 

.18 

.()8 

100.12 

9. 

98.97 

.51 

.51 




99.99 

10. * 

9.J.92 

1.70 

.90 

.58 

.24 

.71 

100.00 

11. " 

94.0 

2.48 


1.80 

.87 

.00 

99.80 


indicating the inferiority of these sands to Nos. 1 
and 2. Analysis No. .*f oc<‘upies a position in between 
those tw'o groups. In it the silica is 97% and Fc^jOa 
about .1%. 'riius by looking at the table one can 
.safely make out that the analyses arc of three grades 
of sand. 'I’he analytical results, therefore, are in 
full agreement with ob.scrvalioiis made in the field. 

'riie analy.ses Nos. 7, 8, 9, 10 and 11 are of those 
.samples of sand which are not collected from tiu* 
field but are of samples of sand which have been re 
ceived by dill'erent glass factories. I'hey have been 
analysed by dilferent persons for diflerent factories. 
A comparison of the.se analwscs with tho.se done by 
the author shows that No. 9 compares favourable with 
No. I-, and No. 8 with No. 8. No. 10 is a fourth 
grade sand the samples of which the author did not 
collect. A study of the.se analy.ses shows that sand 
of A-grade does not reach any gla.ss factory. 'I’he 
sand which is su])])lied to the (ila.ss l)(‘partment of the 
Benares Hindu l ixersity also falls in grade B. 

Mechanical Analyses 

100 gins, of each sample were lakeii and passt'd 
through different sieves: 

^ 4U Mesh. ()(l Mesh. HI) Mesh. I (10 .\l»‘sh. 

(Relain«*il.) (KetiiiiUMlj (Ketaiiieil.) ( Retaineil.) 


lA 

10.14 

18.4 

77.8 


2 A 

5.0 

10.4 

84.(5 


5L 

7.0 

8.4 

84.0 


8B 

8.2 

9.8 

80.0 

1.2 

4L 

8.0 

1.8.0 

77.4 

I.O 


(Tin* letters in the brackets denote the grade of 
the sand. Analy.ses nos. 1 to 7 have been done by 
the author, 2 and (i are from Shankargarh. 1, 8 and 
5 are from Bargarh. No. I is from Lohgara. No. 7 
is of sand from Bargarh obtaineil by the department 
of Glass T<u*hnology, Benares Hindu University. 

Remarks on Chemical Analyses 

Judging from the iron content of the sands it 
will be seen from the analyses that the be.st 
.sands are Nos. 1 and 2 which <*ontain about 98‘X, of 
silica and about .05% of FesO;^. The silica content 
in Nos. 4 and 5 is alwut 97yo FcaO.s about .5%, 

♦Report of the Tariff Board set up to enquire into ihc 
condition of gla.ss indu.stry, 1932, P. 20. 


Description of Grains under Microscope 

.Vo. 'rile grains are mostly angular, tbeir size 
is not uniform, as there arc a few extra large ones. 
In the grains the iron does not seem to be uniformly 
distributed but ap})ears to form a surface layer on a 
few grains only. 

iVo. /. 'rile grains arc of a more regular size and 
.shap(‘, and the angularity is much less marked than 
in No. 2, though the pcrcentagt* of large grains is 
greater, 'riic size of tho.se grains is also bigger than 
that of No. 2. 'I'hc distribution of impurities appears 
to be similar. 

'So, i). 'rhe grains in this .sample are more irre 
gular in .shape than in either 2 or 1, but there appears 
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to bf considerably greater unevenness in size. Very 
large grains are few, while the iron contamination 
seems to be uniformly distributed over the grains, 
'rhe angular and round gfwns perhaps are in equal 
proportion. 

iVo. ii. 'Pile grains here arc irregular in size and 
shape and the percentage of grains of larger size is 
greater than in any of the above samples. The 
grains are angular, but a considerable number are 
round. ^I’he eontaminalioii is more than that in Nos. 
*J or 5. 

Origin 

It has been remarked above that glass sands 
oeeiir as irregular patehes here and there amidst 
eompaet sandsUme and not as regular beds. It, 
therfore, neeessarily follows that these sands have 
been derived from the eompaet sandstone by some 
process. In order to throw light on the origin of 
these sands from the parent rook, a seelion of eom- 
pa<*t sandstone was examined under the mi<!roseope 
and a sample analysed ehemieally. 'Phe chemical 
ana]y.sis is given in table I (No. (1). Under the miero- 
.seope it was found to consist of rounded grains of 
quartz cemented together by ferruginous material. It 
has already been noled that the lateritie coneretions 
cap the sandstone at various places in the field and 
that the colouring matter in the sands is only super- 
ficial. The natural conclusion from those data is that 
due to differential suhaerial weathering of the compact 
sandstone its ferruginous cementing material has 
Ix^en leached tuit by surface waters leaving behind 
ineoherent and loose masses of sand at places where 
conditions for weathering were more favourable. 
'J'hc iron-bearing solutions have also coloured the gla.ss 
sands tfius obtained hy forming a .superficial thin 
crust on sand grains after evaporation. A comparison 
of the analyses of the compact saiuistone and of 
glass sands also supports this view. The iron content 
of the first and second grade is less than tliat of 
('ompaet sandstone. C-grade sands contain more iron 
than the eompaet sand.stone. 'Phe presence of higher 
percentage of iron in this ease may very well be 
attributed to deposition of iron on sand grains after 
evaporation of the ferruginous waters. It appears 
that the removal of iron b}' surface waters is responsi- 
ble for the formation of A-grade sand at one place 


and the same waters have coloured the good sand 
and thus rendered them inferior in quality at another. 

Economic Considerations 

At Shankargarh quarrying of compact sand.sione 
is done along the hills. Gun-powder of local make 
is used for blasting. The sandstone is utilized for 
the purpose of ballast whieh is supplied to the rail- 
ways. Some flagstone and millstone are also sent 
out from here, but no sand is quarried as such. 
Labour and quarrying are eheaj) and are done mostly 
on contract basis. 100 ft. of ready ballast is obtain 
«d for Rs. 2/-. The transport is cheap. The loo.se 
sandstone of this locality (No. 2) is not at all utilized 
for any purpose. 

Quarrying at Jasru, Uohgura, and Uargurh is 
done in open pit system. 'Phe sandstone obtained 
here is friable and is easily quarried by haniincr and 
chi.sel. Wooden hammers are ii.sed to convert it intt» 
sand, and no machinery is used to crush it. Sand is 
obtained at the quarry site at the rate of 20-20 tins 
of sand (each tin 2' Xl.J' for a rupci*. 

Transport is also cheap, ie. annas 8 for about 25 iiiils. 
from quarry lo the .station. It may vary according to 
distance of the quarry from the .station. iVbout 2-8 
wagons of sand p(‘r day are sent from Hargnrh. 

For the sake of comparison analy.scs of .some not- 
able foreign glass sand.s along with the analyses of 
the .\-grade sands of Hargarh and wShankargarh haw 
been tabulated below: — 


SiO, AUO, hV,(), CaO MgO T<.1iil. 


* British 9.S.S2 

.59 

.09 

.19 

.02 

.33 

99.i»5 

(bynn). 

* Freiieh V)9.5 

.23 

.03 



22 

StO.OS 

( Kontainebeaii ) . 

* BHgijin 9S.()4 

.93 

.09 

.31 

.13 

.12 

190.34 

alkali ) 

• German 99.7 

.35 

.95 



.10 

100.2 

(Hohenboeka). 
•American 99.95 

.11 

.02 

.12 

Tr. 

.23 

100.13 

(Berkley springs) 







W.Va. 







Bargarh 97.99 

1.72 

.04 

.28 

Tr. 

.54 

100.27 

No. 1. 

Shankar- 98.24 

1.23 

.05 

.40 

Tr. 

.32 

100.24 


garh No. 2 

As far as iron contamination is concerned the A' 
grade .sands found in the area are in no way inferior to 

•(Report of the liidiau Tariff Board 1932.) 
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Kritish, French, American, Belgian or German sands; 
on the olher hand they seem lo possess an advantage 
over them in containing a higiicr percentage of 
alumina. 

It is a pity that this high grade sand docs not 
reach the manufacturers of glass. Often it is 
“ adulterated ” with inferior sands in large quan- 
tities resulting in its degradation to B or (’ 
grades. And it is for this reason that the analyses 


done by Or 'riirncr and other notable workers corres- 
pond with those of B-and (.’-grade .sands. If this 
A-grade sand is not allowed to be adulterated and a 
proper sorting is done in the field, best quality .sand 
can be obtained from Hargarh and finest quality 
glass can be produced. 'I'lie author is in agreement 
w’ith the recommendations of the 'rariff Board (which 
was set up to enquire into the condition of glass in- 
dustry) relating to washing of sands. By proper 
washing, for which several methods and apparatus 
are now available the B and (!-grade sands can be 
considerably improved. 


Soft Coke and the By-Products 

B. B. Niyosi 

Department of Chemintry and AsHayinSi Indian Scho« 1 of Mines, Dhanbad. 

According to the Annual Report of the Chief 
Inspector of .Mines during the year the quantity 

of coal used for coking purpo.scs at the coli<Ti{‘.s was 
I ,‘i70, lOi'I tons, from which 8tK),5i'7 tons of soft coke 
and 81<,7.‘i7 tons of hard eokc were manufactured. 
'Phe quantity of hard coke made at the collieries is 
.small, for most of the. hard coke is manufactured in 
coke making plants, and over one and a half million 
tons of coal were despatched to different coke-making 
plants during the year Itl.'i.'i. While most of the 
coke-making plants have machinery and appliances 
for recovering some, at least, of the by-products, the 
maniifaelure of soft coke at the collieries follows a 
most primitive and wasteful method. 

As has already been said, over a million tons of 
coal arc burnt annually for the production of soft 
coke, and all the valuable volatile constituents arc 
lost in the process. If recovery c'ould he effected to 
t!ie very moderate extent of only 10 gallons per ton 
of coal the quantity of tar oil yielded would be no Jess 
than ten million gallons per annum. This would ulti- 
mately yield at least five million gallons of petrol. 
The extent of the losses sustained by the industry and 
the country is, therefore, colossal. It would be doing 
injihstiee to the industrialists of India if we were to 
say that they are unconcerned about the interests of the 


nation. They arc fully alive to the national and com- 
mercial advantages of succcssfid treatment of coal at 
both high and low tmnpcratun's. But the diffit ulties 
they have to face arc many and varied, 'lo start with, 
there is the question of capital. With the present 
panicky .state of the money market, the task of attract 
ing capital for new a id necessarily expensive ventures 
presents formidable, if not insurmountable, difficulties. 
Besides, the obvious technical difficulties which have 
to bo faced in connection with the proper utili/.ation 
of tar oils and other products recovered during the 
process of carbonization arc sufficient to damp all 
enthusiasm. 

Now that the process of hydrogenation has met 
with a considerable degree of success, particularly in 
Germany and the U. S. A., the question of utilization 
of the by-products from high and low temperature 
carbonization .should be taken up. Iti view of the 
extensive consumption of liquid fuel in many of ( ur 
industrial concerns, the conversion of tar oil and other 
by-products into fuel is now worth considering in 
India. 

A few words on this process of hydrogenation, 
will, I think, not be amiss here. Petrol contains 8.5 
per cent of carbon and 15 per cent hydrogen, 
whereas in coal or in coal-tar for tlic same amount 
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of carbon tlK-rc is much less hydrogen. In the hydro- 
genation process coal or some coal-tar product is 
heat(‘d al(»ng with hydrogen to alM)iit in the 

presence of catalysis and under a pressure of 260 
atmospheres (3,500 lbs. per s<j. in.;, so that the 
solid coal or the coal tar is transformed nearly 
(piantitatively into petrol and gaseous hydrocarbons. 
Hence the word “ hydrogenation”, indicating the 
addition of hydnigeii and its eh(*mieal combination 
with the various coal substances. Low temperature 
tar contains between S5 per cent and 90 per cent 
of carbon and between 7 per cent and 8 per 4‘ent 
of hydrogen. It can be hydrogenated into petrol with 
a yield of between 80 and 90 per cent. 'I'his proee.ss 
can be applied not only to coal but to all mixture of 
hydrocarbons, such as tars and mineral oils. Another 
application of the process is that of converting poor 
lubricating oils, heavy petrols, cracking petrols, etc. 
into analogous oils of the best quality. Though the 
proi'css, which may be said to be unique in the history 
of modern industry, has incalculable potentialities, 
yet it has at present its own peculiar drawbacks. 'Fhe 
cjmstruetion of high pressure plants for large-scale 
working, the inevitable heavy depreciation, the pro- 
duction of 4*heap hydnigen and the supply of lieat for 
the operation arc some of the difficulties that have to 
be. faced. 

Already fiermany and the U. S. A. have made 
very rapid progre.ss in this direction. 'I’hc Leiina 
Hydrogenation IMant in Oiitral Germany was erected 
in 1927 with a capacity for the production of 
30,000,000 gallons of petrol per annum. In 1930 a 
production figure of 13,000,000 gallons was reached, 
and later the production ros4‘ to [•5,000,000 gallons. 
Some time ago the I. (i. Karbenindusfric of Germany 
and the Standard Oil Co. of New .Jersey joined forces 
for hydrogcnatiim of coal and oil, and formed the 
Standard I. G. Company for controlling the proee.ss 
fn (icrmany and the LJ. S. A. Recently, another 
company, the International Hydrogenation Patents 


('o., has been formed to cover the rest of the world. 
Very lately hydrogenation plants have been erected 
in Great Britain under the management of the Imper- 
ial Chemical Industries Ltd. and there is no doubt 
that Iiulia will be benefited by the experience of that 
I^mipany. 1 refer, of course, especially to the well- 
known plant at Hillingham. 

At the formal opening of the plant by Mr Ramsay 
MacDonald in October 1935 Sir Harry McGowan 
in the course of his speech referred to the history 
of the develoj)ment of the process as follows reganl- 
ing the Coal Hydrogenation Plant at Billingham-on- 
I'ees : — 

“ 'riu‘ plant is now working, as you will shortly 
.see. We have had a number of teething troubles, 
which always aci'ompany the starting up of new and 
complex (‘hemical manufacture. 1 am glad to say, 
incidentally, that the difficulties which have so far 
ari.sen have been all overcome, and 1 have no doubt we 
shall be able to cope successfully with any others that 
emerge. 'I’o dale wc have converted 11.000 tons of 
coal into petrol, and the total amount of petrol that 
we have so far produced both from coal and creosote 
oil, and low temperature tar is [•0,000 tons. We 
began naturally by hydrogenating tar oils, and came 
slowly to handling the more difficult coal. Its intro- 
duction, however, has progres.scd smoothly and rapidly. 
By tlie beginning of next year w'c anticii)ale reaching 
full flow' sheet rate of prodmdion from both 
materials.” 

A satisfactory solution of the problem of the coal 
industry in India is intimately connected with the 
manufacture of soft coke on .scientific lines and the 
utilization of the by products. We shall have t(» 
introduce both carbonization and hydrogenation, for 
they must supplement each other. In order to obtain 
the possible result wc must recognise their limitations, 
both economic as W’ell a.s crmmercial. Once we 
realize this and act upon it, W’c shall have, progressed 
far on -the way to solving India’.s (V)al Problems. 
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A further Note on the Heavy Electron 

It was in my article on the Heavy 

Kleciron (5c. tV- Cul. 3, 5, 257-61) Hial there eoiihl 
exist other fundamental ])artieles a])art from the 
weiiknown eleetron, poi'.itron, proton, neutron and 
the still hypothetieal neutrino. Examples were 
^iven as to the possibility ot* existenee ot‘ anti 
protons and antineul rinos and also partieles 
having- masses and eharj'es eom])aral)le to these 
partieles l)ut obeyinj*- a dilVerent statisties I'rom 
all th*\se, that of the Kinstein-I>ose statisties. In 
this eonneetion was mentioned the possibility of 
the existenee of electrons o))eyinf»' the Rose- 
Kinstein statisties and a predietion of its mass 
jiiven by \'ukawa to be ap])roximateIy fifty limes 
that of the ordinary eleidron. The interest 
awrkeiKMl by thes<‘ hyiiotlietieal partieles led t*) 
a seari'h for them and interesting' evidenee was 
obtained by Street and St<‘venson and Amlerson 
and \edd(‘rmayer from tlu* examination of eosmie 
rr.y sln.wei-s widdi pointed to a partiele having a 
mass intermediate between those of the proton and 
eleetron ami liaviiiy; a eharjre ecpial to tlial of t)ie 
eleetronie ehar^'e. Xeddermayer and Anderson ob- 
tained a track, a photof»raph of which was reprodue- 
e<l in the previous article, which showe<l an ion 
density alon**' its track much j>reater than that of 
the ele<*tre.n and an He value from the curvature (d* 
the track in a majiiietie field which mave a mass 
intermediate between those of tlie proton and 
eleetron. The mass could not be accurately deter 
mined but the estimate was that it was from 50 to 
a 100 times that of the ordinary eleetron. Street 
and Stevenson carried out similar experiments 
with a view to obtain the heavy eleetron track 
in the Wilson (Tianiber siiffieitmtly near the end 
of its ran«e to measure its curvature accurately. 
To eliminate electrons obtained from the eosmie 
rays they used a lead block between two Heij^er 
counters so that only fast partieles and not the 
shower electrons would come into the Wilson 
(^hamber. Another counter was placed below' 


the chamber. The fast partieles whose tracks 
would not end in the chamber would pass throua:h 
the lower counter also. The eb'ctrieal einmit is so 
arranvred that when all the eoiintei’s count, th(‘ 
chamber does not operate. It operates only when 
the electrical particle passes throus»h the countei’s 
on the top of the chandxu* but not 1hrou»:h the 
counter bcl(»w', ensuriuf'' thus a i)ropcr photi)j»:raph 
(»f a track very near the end t)f its ranj^e. With 
such an api)aratus Street and Stcvenso!i took ab{)ut 
l()t)() i)hoto^n*aphs of tracks and obtained one 1ra('k 
which did n(»t seem to be that of a i)rot»)n or 
electron. To facilitate the measurement of the 
loss in enerjiy in the passaj4(‘ thr«>U}Jih the chamber a 
dro])-count was made by takinj*- ])hotof>ra])hs 
one second after the particle had passed. This 
allows for a diffusion of tlu‘ i«)us beftjre the drot)s 
are formed and makes it (‘asier t«) count th(‘ imli- 
vidual drops. The track which Street and Steven- 
son could not attributi* to the proton or electron 
had :i cui’vature in the ma^rudic fi(‘ld corr(‘spo?id 
in,i»: to lie y.bXlO'* j»aussXcm. Tin* length of 
track within the chamlxu* is alxuit 7 cm. .Xssuminjr 
a proton drives us an enerj»y of 4.4X10' v\ which 
would allow for only 1 cm track len«»:th, w<* can 
(Muxdmlc immediately the particle is at least 7 times 
Madder than that (d‘ the ])roton and probably even 
less. Allowin** for the (lualitative nature of the 
experiment the particle whose ehnrtre is nejjative, 
has a mass between 7 ami 10 times less than that 
of the pi’oton. 

Another interest inj*- ])iece of cviilence rej^ardin^ 
these particles ct>mes trom the observations of 
I>othe and others on the cosmic ray sliowers at 
the Ts'aiser Wilhelm Institute, TTeidelberji'. They 
found that the sliowers produced by the cosmic rays 
are not all similar in nature. One type of shower 
different from the usual ones, had jrreater penetrat- 
injj power and cliver^eil at a very small anjrle 
(/? -7'^d from the point of its orif»:in, while the 
ordinary showers {6 .‘10°) liad a widely diverj^inji: 

aiiffle. The intensity of ihese showers varied 
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with tho siihstniKH*, arporfliiifr to the Atomic 
?uimher Z of the shower produeiii^f matter, whereas 
iti the ordinary shower, it is proportional to Z*. 
The hard shower seems to l)e produced exclusively 
by the hard component of the primary cosmic rays, 
and though the hard cosmic rays seem to be able 
to produce the soft shower, the soft components of 
the cosmic, rays do not seem able to produce the 
hard shower. It has been sujfucsted tliat the hard 
component of the cosmic rays as well as the hard 
showers arc heavy electrons. This su>>«:estion can 
explain some of the facts meiitiomMl above, c.g.. 
greater penetrability. The rest of tlie facts may 
be explainoji when the production of showers by 
heavy electrons is dealt with theoretically. 

As far as the experimental eviden<‘e goes the 
heavy electron is fairly well established, the only 
objection being that so far only a few tracks have 
been obtained and measured so that the probability 
of an error in the determination of its mass re- 
mains high until more tracks are jneasured. 

B. D. Nagehowdhury, 

Influence of Animal Hormones on Plant Growth 

Recent workers on the influence of animal 
hormones and plant growth have tested a number 
of* substances. Havas and (Caldwell found that 
the action of hormones varies with the concentra- 
tion of hormone. Davis recorded earlier flowering 
in Narcissus and AHiu!n after treatment with 
thyroxin. Nicthammer found a stimulatory ctfect 
of thyroid extract (Ui opening buds of various 
dormant slumts and on germinating seedlings. 


Rudington found greatly decreased growth in 
roots of Narcissus and Allium grown in nutrient 
solution containing thyroid extract. He assumed 
that the freshly growing tissues of the root were 
comparable to those in larval amphibia, which 
would respond to dosage with thyroid extract by 
precocious development of tissues, and suggested 
that thyroid caused precocious development in 
both. 

If a comparison of plants ami amphibia is 
legitimate it is interesting to note that Thompson 
and Huxley record retarded growth in axolotes 
resulting from treatment with parathyroid hor- 
mone. Such comparison indicates a similarity in the 
response of plants and animal protoplasm to certain 
hormones. K. I). Drain (.Ina. Bftt. /, fllb, 19117) 
recorded the results obtained by him when seedlings 
were grown in dilute solutions of parathyroid and 
thyroid hormones. The hormone preparations 
used were Paine & Ryrne’s htd., “Pabryn” brand. 
The parathyroid solution contained ‘20 Pollip units 
])er c.c. The thyroid s<»lution was standard solu- 
tion prepared from fresh glaml. The seeds were 
germinated and then placed with the roots di|)ping 
into water to which small (luantities of the 
hormone solution were added. (N)ntrols were 
grown in distilled water. 

The author finds that dc(n*c‘ase in length of 
roots was marked in Avena Saliva in parathyroid 
solutions and in Phaseolus multifiorus in thyroid 
solution. 

Kxperiments with radishes and Avena Saliva 
seedlings treated with thyroid solution indicate 
that a dilute solution may stimulate growth 
though a stronger one may retard it. 

H. N. B. 
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Biochemical Society, Calcutta 

The 3()th (loiioral Mectini^ of the Biueheinieal 
Society, Calcutta was held on Tliiirsday, Fehniary, 
17, in the lecture room of the All India Institute 
of Hyj<iene and Public Health under the chairman- 
ship of Prof. H. Kllis C. Wilson. The f(»Ilowin« 
papers were read : - 

(i) P. N. Sen (lupta and H. C. (Juba - 

Estimations of total Ascorbic acid in 
food materials. 

(ii) K. C. Saha and B. (\ (liiha — Ferment- 

ative pnxluction of citric acid from 
molasses. 

(Hi) S. i\. Mukher,je(‘ -Protein fractions <»f 
oedema fluids in epidemic <lropsy. 

Altogether 33 members were present and each 
of the papers was keeidy discusse<l. 

Tlie Secretary, Dr S. N. Bay on behalf of the 
society batle farewell to Dr 11. K. Wilson, a 
founder member and a member of the executive 
committee and to Dr 1). Ii. Sbrivastava, one of 
the present secretaries, both of whom have j?ot 
new appointments i)Utside Fabnitta. He thanked 
them for the services they had rendered for the 
cause of the society. Dr Wilson jfave a suitable 
reply. 

Institution of Chemists (India) 

An ordinary nieetinj»: of the Institution of 
(Chemists (India) was held on the 26th February 
1938 in the Fhemical liccture Theatre of the 
University Collef^e of Science, (^dcutta, 

Mr N. N Sen (iupta, President, was in the 
chair. 

The followiniu: papers were read and dis- 
cussed : — 

(/) A. (Shosh— On the Methods of Denatur- 
ing Spirit in India for Industrial and 
Domestic Purposes. 


(ii) S. Banganathan and H. K. Sen — Injec- 
tion Moulding of Shellac Plastics. 

(Hi) N. N. Murty and H. K. Sen - Fluoro- 
mctric Determination of the Acid ami 
Saponification Values of Lac. 

Tlie National Academy of Sciences, India 

.\ meeting of the National Academy of 
Sciences, India, was held on the llth February, 
I93S in the Muir To liege Buildings, Allahabad. 
Prof. B. Sahni. F.B.S., President of the Academy, 
was in the (’hair. 

The following papers were read anti 
discussed : - 

I B. N. Sen- -On a Photo-chemical theory tui 
Phido-electric Threshtdtl. 

2. B. N. Sen On a IMiysico-cbemical theory 

of loni/ation of atoms on the basis of 
strain. 

3. B. N. Sen On the Distance of the closest 

approach of atoms. 

4. B. .N. Sen — Parachor ami Velocity of 

sound in MtdaUit* elements. 

f). B. 1). Pant ami B. B. Bajpai — Study of 
F region loni/atitm at Allahabad. 

6. Jagraj Behari Lai (’hemical Examina- 
tion of the Fruits of Physalis Peru- 
viana Of (’ape (loose Berry, Part 111. 

7 B. 1). Toshniwal — Soil constants at Ultra 
High F rec|uency. 

The annual function of the National Academy 
of Sciences, India, was held on March 5, 1938 at 
3 P. M. in the Vizianagram Hall. Pandit .lawahar 
Lai Nehru presided over the function. The addi- 
tional items for this year^ programme included 
a scientific exhibition and a conversazione on 
l\)wer Supply in the IT. P. in which a number of 
distinguished authorities on the subject took part. 
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Annijai- Hiiii.kx.kaimiy ok Indian AitciiAKui.oov, koh 

TiiK YKAit 19.‘ir). Piihlisht'tl hfi Ki^ni InsfUntc, 

Leydt'H, pp. i-jril, l-Kil, pis. 1 XIII. Price ft 

(piildrrs or Us. <1/ . E. ,/. Ur'dl Ltd., Leifdeii, PJd7. 

Ill tills ii(hiiir;il)U‘ iiikI iri(iis|)eiis;il)l(‘ work an 
has iii.nli' to jn'ostMit a (Mimploli* 

liihlio^rapliy of liidian and (ir(‘a1(M‘ Indian 
ai*(*lia(‘oli)^^y for tin* yi‘ar IJldri. In llu‘ rnrovvarcl tiu* 
learned edilor-in-ehier has expressed his indehted- 
ness to fiiianelal and seholastie help reeeived from 
the resp(‘etal)le ipiarlers. This work may he diviil 
(‘d Into three sections, viz., tl) Introduction, (2) 
l»il)Iio«ra])hy, and (2) Index. 

The main idea for the incorporation of the 
first section i.c., Introduction, in such a work is 
to imhiish articles, on the important archaeologi- 
cal discoveries in ditifcrent count ries, written hy 
well-known andiaeoloyists. Tin* following articles 
are included in this section. In the article entitled 
‘The work of the Archaeoloj»ical Surviw of India 
durinjy lOot-df)” llao Bahadur K. i\. Dikshit has 
hrielly reported the work of the Archaeolo^:ical 
Survey of India in 19.‘J4-dr) and speaks of the re- 
cent archaeoloj»ical discoveries at Kanypur, Taxila, 
(lokul, Baij^ram, Mahanad, Nalamla, Kilpank, 
llathi-hara ami llmawza. In the section entitleil 
“ Archaeological news in notes various interest- 
luy: archaeolofiical finds have been referred to, 
amoufi: which the recent excavations at (Mianhu- 
daro, Hanj^pur, Kiimrahar and Lauriya Namlan- 
j 4 :arh should he specially mentioned. In the 
subsection entitled “ Museums .s])ecial mmition 
has been made of the recent work entitleil 
“ Museums of India ” by Messrs. S. V\ Markham 
and 11. Harj^reaves. In the subsection entitled 
“ Korthconiinj*’ publii'ations ” the author has 
rij^htly pul emphasis on the book entitled The 
monuments of Sanehi by J. Marshall, A. Fouchcr, 
N. (i. Majinndar and H. Hargreaves. In the sec- 
tion entitled “ Indian Numismatics in 19IJ5 ** Sir 
K Burn has made editorial comments on those 
articles which he considers to be im])ortant. In 
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the seition entitled “ Publications relating to 
ancient Indian »tHi^raphy Dr B. i \ Daw attempts 
to ^ive a bibliotirapliy of ancient Indian y:eoa- 
raphy. In the section undtn* “ Bxca vat ions 
at (‘hanhu-daro in BKlb-dt) “ Mackay has j»iven an 
account of the archaeoloKi<'ttl excavation at 
(Mianhu-daro by the joint exiiedition of the 
Ameriian School of Indie and Iranian Studies and 
the Boston Museum of Fine Arts. In the sec- 
tion entitled “ The Lahore Fort, its history and 
re.sloratioiF' Mr II. L. Srivastava t»ivesa very inter 
estin«‘ account of the Lahoia* Fort from its founda- 
tion by Akbar the (Jreat up to the imxlcrn ajic 
when it has Ix^en comjiletely restored to its former 
structure. In the section of “ Arehaeolojii 
cal work in Ifyderabad-Deccan Mr D. Ya/dani 
jiives a short account of the archaeohmical vvoi*l< 
done in Hyderabad amon^ which .sixx'ial mention 
should be made of the discovery of a larj»’e I’ock- 
cut Brahmanical temple at Bhokardan in Auranjua 
bad district in Hyderabad. In the section 
entitled “ The Archaeoloji'ical Department of 
Baroda State ” Mr H. Sastri ^ives a short d(‘scrip 
tion of the excavation work carried out at Amri'li, 
Mula-Dvaraka and Kanirej. In the section eiitilled 
“ Excavations at (lyarasj)ur, Dwalior State ” Mi‘ 
M. B. (Jarde j<i\cs an account of the archaeological 
excavation at (lyaraspur which is situated 2o miles 
north-(‘ast of Jihilsa. In the section entitled 
“ Kpi^raphieal discoveries in (k^ylon durinji' the 
year 1935 '' Mr S. Paranavitana has re])ortcd that 
in this year the Archaeolof^ical Survey of 
Oylon sccureil e.stampaf»es of 205 inscrip- 
tions of which tlie j>reat majority are pre- 
Fhristian Briihmi records. In the section en- 
titled “ Archaeolofiieal work in Burma duriny- 
the year 1935-30 *’ Mon. F. Duroiselle fjives an 
interesting*: account of the archaeoIo«:ical work 
carried out iii Burma durinj^’ the year 1935 30. 
The most imporlatit discovery is a terracotta 
pliuiue depictiiif*' a party of musicians in purely 
Indian style found at Kyanlu in Pe«:u district. In 
the article entitled “ The exploration of .^ri Deva ” 
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Mr H. (i. (^iiarfirli Wales ^ives a very iiitorest- 
ihf? aceouiil of tlio exploration of the aneienl eily 
of Sri Deva (niodern Si Tep) situated in the 
Pasak Valley of (Vntral Siam. In the seetion 
entitleil “ Diseovery of the saered deposit of 
Anjikoi* Vat ” Mon. (J. Poeds yives a very d(‘tailed 
aeeount of the saered deposit of Anj^kor Vat. In 
tlie seetion called . “ Tin* Asram Maharasei ’’ Mr 

It. Man»ir yives a detailed aeeount of this temple 
in lndo-(Miina. In thi‘ arti<*le entitled “ Projii-ess 
(d* arehaeolo^ieal woi'k in Netherlands India in 
Ulllf) ” i\lr P. I). K. Uoseh »ives an aeeount td' the 
])rehistin'ie, Hindu, Moslem and Duteh antiipiities. 
In the article entitled “ Two reecnd imhlieations 
on Iranian arehaeolojjiy ” Mr J. H. Kramers 
reviews ller/.feld’s “ Ar('liaeolo‘»‘i('al history of 
Iran ” and Stein’s “ An arehaeolojiieal tour in 
the ancient Pm'sia.” 

In the l)il»Iio»raphy si'ction hooks and articles 
numherin^ approximately Sd2 have been reviewed 
after they are elassitied under differmit <ji:rou])s. 
Tlu're is an excellent author index. ’Phere are 12 
])lates illustralinii' the most important arehaeo- 
loyieal duds of tfie year 

This is an exi'ellent work hut there are 
certain points where the present I’eviewer wishes 
to offer some suyj»estions. I’^irstly, it seems that 
lli,'‘ title of this work should he ehan«»ed. This 
work is ealle<l Anvual Jtihlioi/rnpliif of Indian 
.lrvhaeo]o(fif \ hut as it deals not only with arehaeo- 
lo;*y of India hut also with that of (’(‘.ylon, Further 
Imlia, Indonesia, Iran, Mesoptdamia, Turan, 
Afjilianistan, Tibet, (’hina, Jajian and Korea from 
the standpoint (d‘ the cultural i‘xpansion of India 
as evi<leneed by archaeological testimony, it 
becomes apparent that this title does not properly 
indicate llie scope of this work. A very apt 
term eall(‘d “ (Jreater India ” has been recently 
coined to indicate those places when? Indian cul- 
ture has profoundly intluenced the lourse of their 
individual cultures. Therefore the present 
reviewer suj»j 4 ‘ests that the title of tliis work 
should better be changed into “ Annual Hiblio- 
jjraphy of Indian and Greater Indian ArehaeoloKy.’’ 
Seeoiully, it seems thab more atlenlion should be 
paid tow'ards the inclusion of articles written in 
Indian Innj^uages in the biblioj^raphy. Thirdly, 


it seems tlial tliis work is published a little bit 
later and thereby loses some of its im])ortance. 
The present review^er hoi)es that the Kern Insti- 
tute will publish it a little earlier. 

However the present work has kept tin* re]>uta- 
tion of its former numbers and is indispensable 
to all who are int(‘reste(l in Imlian and (Ireater 
Imlian arclun*oloj»y. 

('. (\ DtlS (lUptfL 

A TKXT IJOOK OK IbtACTlCAC PlIYSlCS, bv Ih S. Dutt. 

Pnhiishfd hi/ ('hnckcrx'vrit i/, Chattvrjl iV To., Lid,, 

(''dent id, pp. I-AoT, didf! I0d7. Price /i’.v. -. 

The book is the second edition which has been 
revised and erdarf»ed ui>on the first one. The 
(diief IVature of the book is that at the end of each 
seetion the author has “[iven a nundier of exercises 
and test (|Ueslions to help the studmit in under- 
standing’ inlelliji'ently tin* princi])les of the experi- 
ment and to enable him to form an idea td’ the 
nature of the oral (piestions asketl tlurin** practical 
examinatit>ns. The intrtMluctory chajdcr is useful 
as it «ives j^eneral instructions w'ith r(‘jiard to 
j*'raph plotting*’ and decree of at't'uracy of observa- 
tions and 1 ‘esults. The theory of almost all ex- 
periments described is explained clearly. There 
are, however, certain omissimis to be noted in this 
revis(*d (‘ditit)n. For example in the experiment 
with spectrometer the a<i.justments with the j»:auss 
Kycpiece are not described. The use of the 
potentiometer for findinj*- th«‘ internal rcsistan<*e 
(d’ a cell is not ilealt with. In the case of a teles- 
cope the variation (d* its majinifyin^- ])ower with 
distance when the object is at a small distaiU*e 
from it is not fiiven. In the e.xpei’iment described on 
p. It)4 for determining'’ the focal lenj.»th of a lens by 
the plane mirror and the optical bench the formula 
of conju^iate distances from the focal planes and 
its a|)piication for measurinj^- the focal lenjith of 
a combination of lenses are not mentioned. Lastly 
the theory of the balli.stic galvanometer and its 
use for the determination of absolute cai)acity of 
a condenser, the self and mutual inductances, the 
theory and method of timlint'’ the wave length of 
lijjht by s])t‘ctrometer and ditfraction jifralinp; 
would have been valuable adflitions in this revised 
oflition. 
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A table of useful physical constants is f?ivon 
as an appendix at the end of the book, but the 
logarithmic and trigonometrical tables have been 
unfortunately omitted. 

B. C. Das. 

Introduction to Optics, by G. li. Deodhar, Ph. D., 

F. Inst. P., Senior Lecturer in Physics, Allahabad 

University. Published by the Indian Press Ltd., 

Allahabad. 

The book is an outcome of the author’s lectures 
delivered to the H.Sc., students in the Allahabad 
Hniversity. In addition to the conventional treat- 
ment of (leometrical and Physical Optics there are 
also chapters on spectroscopy, absorption and 
transformation of radiation, meteorological optics, 
colour phenomena and photometry and a descrip- 
tion of the ether* drift experiments. In the 
appendix are given some useful data on refraction 
and wavelength together with a list of useful 
physical constants. 

The author has succeeded in putting together 
in a single work a larger amount of information 
than may be had from any other single book on 
optics. Absence of mathematics is a feature 
which may not recommend itself to all. The des- 
criptive part, however, is (piite satisfactory. The 
inclusion of many recent theoretical and practical 
developments helps to bring the reader up to date, 
but he is held back for want of proper references. 
These might have been given with profit. 

The book, as the author states in the preface, 
is intended to otter a comprehensive background 
to those who wish to specialise in optics, as well 
as to those who are anxious to have a general 
knowledge of the subject. He has succeeded in 
the latter purpose ; but in view of the absence of 
mathematics it is to be doubted whether the back- 
ground otTered is to be considered comprehensive. 


On the whole the work is to be welcomed for its 
wealth of information and may be recommended 
to the honours students of Indian universities. 

D. P. Ray Chaudhuri 

Dkuos and Gai.enicalb. 'I'iikir Quantitative Analy- 
8i8» by D. C. Garrati, ILSc., Ph.I)., F.I.(\, 
Drufj Analyst, LomUm County Council. With 
a Foreword by Sir Frederick Menzies, K.B.K., 
M.D., LL.D., F.R.C.P., Cloth; 6X9; pages 
Jtiv-\-42!S. Chapman <5(' Hall, Ltd., London. 19H7. 
Price 26s. 

This book is not intended as a textbook for 
students of pharmaceutical chemistry, as the 
theoretical explanations are not sufficiently simple 
and complete. The book is mainly intended for 
workers in the field of pharmaceutical analysis, 
who are often confronted with the analysis of 
compounded preparations containing official 
substances. The author has contribute], from his 
long practical experience as an analyst, various 
hints and suggestions for helping one to carry out 
the estimation of official substances and their 
preparations. Valuable material on the chemical 
analysis of tirugs, scattered throughout the exten- 
sive literature, has been compiled by the author 
after experimentally trying himself many of the 
published methods. 

The manner of presentation is pleasing and 
easy for reference, the general scheme adopted 
being that of the Ilritish Pharmaceutii'al (\)dex. 
Separate sections are allotted to Fixed Oils and 
Fats and Kssential Oils. There are twelve useful 
appendices at the end of the book. The bot)k 
would be a very useful addition to the libraries of 
the pharmaceutical concerns and those of the 
analysts who may be sometimes asked to analyse 
compounded preparations. The reviewer re- 
commends this book to the notice of even the 
experienced analysts in the public health labora- 
tories of India. 

M. L. S. 
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Letters to the Editor 

[The Ediior is not responsible for the vicivs expressed in the Letters] 


Utlllcatioii of •lute Waste for Hesalan-maklng 

The jute fibre, as sold in the market, remains hard and 
stiff at the lower end up to a height of about 0"-12", due to 
the presence of various cementinfT materials which bind 
together the best fibres, as these cannot be removed by the 
ordinary process of retting. This causes a huge w-.ste, 
amounting to several thousands of maunds per day, as this 
portion of the fibre cannot be utilized for the purpose of 
manufacturing hessian. This portion is generally used for 
manufacturing low-grade gunny bags, which do not fetch 
the proper price of the jute. In onler to utilize this reject- 
ed portion for manufacture of hessian, we undertook some 
research work in our laboratory ainl have been successful 
in obtaining very good results by the use of a certain bact- 
erium, which very readily removes the hard portion of the 
fibre, without in any way affecting the quality or the 
strength of the fibre itself. 

Department of Applied Chemistry, B. C. Ray. 

University College of Science, P, B. Sen. 

Calcutta. 

23. 2. 38. 

Variations of Che .Viiipllticatlon Factor and Plate 
ReMlatance of Thermionic Valvet* at High 
Frequencies 

The amiditication factor and the plate resi.stance of a 
thermionic valve are the two important constants involved 
in the determination of the performance of a valve ampli- 
fier. Attempts have therefore been made by various in- 
ve.stigators to find the variation of these constants with the 
plate and grid voltages and also with frequencies. Hart- 
shorn *, * has shown that the resistance of the thermionic 
valve at very high frequencies should be smaller than that 
at fairly low frequencies. Mitra an<l Sil* on the other hand 
have shown that the re.sistance of the grid-plate space in a 
thermionic valve increases at high frequencies but remain.s 
constant below the frequency of 8 megacycles per second. 
Tuttle^ has found that the amplification factor and the 
plate resistance of a valve at audio frequency tend to change 
simultaneously in the same sense. 

Though the variation of the plate resi.stance at high 
frequencies has been studied by various investigators the 
variation of the amplification factor which partly depends 


on plate resistance seems to have not yet been .studied at 
high frequencies. The pre.sent note contains the result of 
our study of the variation of the amplification factor and 
the plate resistance with considerable large range of fre- 
quencies from 120kc/secto S,000kc/sec. A modificatiou 
of Miller's method has been employed for finding the 
amplification factor at high frequencies. The usual audio 
oscillator of Miller’s bridge was replaced by a Hartley 
type valve o.scillator which was inductively coupled through 
an intermediate tuning circuit to the bridge re.sistances. 
The headphones were replaced by a low resistance sensitive 
mirror galvanometer along w'ith a vacuo thermo junction. 
The resistance of the plate- filament .space of the valve w’as 
measured by direct suVistitution method. 



The curves A and B in fig. 1, show the variation of the 
amplification factor and plate resistance respectively with 
frequency. It will be observed from these curves that both 
the constants increase simultaneously with the frequency. 

The amplification factor increased from a value of about 
20 to 45 when the frequency was altered from 120 kc/ .sec 
to 2750 kc/sec. The resistance of the filament-plate .space 
varied from a value of 18,000 ohms to a value of 42,500 
ohms for a range of frequency from 120 kc/ sec to 5000 
kc/sec. There is not much appreciable change in the resis- 
tance up to a frequency of 1250 kc/scc as will be observed 
from the curve B. 
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LETTERS TO THE EDITOR 

The authors have jjrcat pleasure in thanking' l*rof. P. 
Diitta, M, A. (Cantab) and Dr S. S. Banerjee for their 
interest and constant help in the work. 

Physics Department, R. D. Joshi, 

Benares Hindu University. R. G. Saxena. 

21.2. 3H. 

’ Hartshorn, Proc. Phyn.^oc., 41, 113, 1028. 

* Hartshorn, WireL Eng, 8^ IIS, 1931. 

■ Mitra and Sil, Phil. Mag., 13^ 1081, 1032. 

Tuttle, Proc Inat. Rad. Ertg., 21, 857, 1033. 

Fdeetron llenMity .\la|i of Aiithraf|uinoiie 

A ina]) of the projected electron density on the (001) 
plane of anthraquinone crystal has been obtained by the 
method of the two-dimensional I'onrier Analysis. ]*'or that 



Fourier projection along C-axis. Contours at intervals 

9 

of one electron per A*. The one electron contour 
is doited. 


purpose a Weissenberg phf)tograidi for the equatorial layer 
line was taken for rotation about the c-axis of the crystal. 
The relative integiated intensities were obtained by an 
adaptation of the* Zeiss Microphotometer. For absolute in- 
tensities, a few lines of the substance were compared by 
the Zeiss Miefophotometer with the lines of rocksalt in a 
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powder photograph of a mixture of rocksalt and anthraqui- 
none. The signs of the Fourier terms were determined from 
a preliminary determination of the .structure by the 
trial and error method. A veiy useful guidance for 
the trials was obtained from a pseudo-symmetry observed 
in the planes of rellection, viz., that of all the hko plaillNi, 
only planes with even values of h and k for which 
h-4-k is divisible by 4 gave reflections * of measurable 
intensity. The a and 6 axes of the unit coll wer^ each 
divided into 48 parts and after carrying out the I'ourier 
.summation, contour lines were drawn through points of equal 
denstiy at intervals of one electron ])er square .Angstrom 
unit. The contour map is showui in the figure. The deter- 
mination of projections on the other two planes is in 
progress. 

Department of Physics, K. Banerjee. 

The ITniversity, Dacca. S. N. .Sengupta. 

23. 2. 38. 

SpacC'Gi'Oiip of Methylene Aiiiino>Aeetonitrile. 

The pure substance CHjNCH,CN was c-ystalb^ed from 
alcohol. From goniomclric measurements the crystal was 
found to belong to the otthorhoinbic system with the 
follow'ing axial ratios 

a :h : l.4S'> : 1 : ObS77 

From rotation photograj)hs about the three crystallo 
graphic axes, the axird ratios were found to be 

ao=15.20A*, Ao= 10.2IA’, r,^7.02IA'' 
and hence the number of molecuh'.s ]>er indt cell was cal- 
culated to be 12. 

From oscillation ])hotographs it w.is observed that the 
hoi plane.s for which k~^l is odd are absent. There was no 
other .sy.sleinatic absence of reflections. 

Since the niolecnle FH,NCHjCN cannot have any 
.symmetry clement ti.e orthorhombic V)ij)yranii lal class is 
precluded, on the other hand the absent planes cio not con 
form to any space group correspoinling to the .sphenoidal 
class. Hence it is concluded that the si)acc-group is 
and three molecules form one a.symmetric unit. Tetitalive 
ly a model is given below' of three molecules of 
CHiNCHjCN forming a ring. To decide this point nicasurc' 
ments of magnetic susceptibilities as well as intensities of 
X-ray reflections are taken up in this Laboratory. 

N-CH-CN 
H^C [ ]CH2 

CN JN-CH2CN 

CH2 

Department of Physics, K. Banerjee. 

The University, Dacca. Rajiuddiii Ahmed. 

23 . 2 . 38 . 
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Development of Cattle and Dairy 
Industries of India 


At llu' iiivihitiMii of llio linfiorinl CouikmI of A^ri- 
cuHiiral Dr Norman (\ Wrijihl, Dircdor 

ot* tlso Hannah J)airy Kcsoai'ch Inslitnio, Scotland, 
visited Jndia dnrin«: the (‘old \V(‘ath(‘r of I Odd .‘IT, 
and his report on the (h'velotnnent of the eaftle 
and dairy industries in India re(‘Oj*:ni/.es the 
si)(‘f‘ial nature of India’s prohlems and snj^jit'sls a 
radical chant»:e in outlook on the part of the 
(Jovermiicnl in this respect. 

Milk is now considered hy experts on iiutri 
lion as an essential jirotective food, and it is held 
that for the niaintenance of satisfactory .!*:rowth 
and health, ahoni 20 oz. should he taken daily by 
an individual. The output of milk in India is 
estimated at ti,t)00 million }>allons a year whicli 
only }j;ives T oz. as the average in r capda consump- 
tion per dtiy. The need for increased production 
and avoitlanee of wasteful methods in the handling'’ 
of milk is obvious. For many decades to come, 
Mie available milk supply of India may not be 
suftieient for internal consumption according* to 
modern dietary standards. In planning the deve- 
lopment of the dairy industry, therefore, it is essen- 
tial to ensure that it caters for the existing*: needs 
and dietary habits of the. population. 

It is unfortunate that the ])resent provision for 
instruction and research in dairy industry should 
Jiot only have been inadecpiate but should have 


been devoted to \V(‘stern dairy products whose con- 
sumption in India is insi^iiiiicant compared with 
thosi‘ of indificnous pi’ixlucts. Indian dairy insti- 
tutes should study “ first the fundamental dil’li- 
culties involviMl in handlini.* milk under tro])i(‘al 
conditions and the special i»roblems associated 
with the lack of ad(‘(|uate communications and 
transport faciliti(*s ” and “ of knowl(‘dne of hy- 
•••idiic meth.ods." Indian dairy methods may have 
to be j»r(‘atly modilii'd from thos(‘ emjiloyed in tem- 
perate zones. Frocessc's, for hea^t fr(‘afment, 
refrigeration, cheaf) methods of ^ loose milk 
delivery, formulation of r(‘liable methods of analy- 
sis and satisfactory standards of purity, effective 
checks on adulteration these are some of the 
lirobUmis which should rec(‘ive immediate alien 
tion. 

In India, the jirodiiction of filur ((‘larified 
buttert must be looked upon as flu* most impor- 
tant single factor in any scheme for the develop' 
nieiit of dairy industry. Far more milk is utilized 
for (jhd manufacture than is us(‘d for TKiuid 
consumption. Vet we have not evolved satis- 
factory standards for yradinj* r//ur, nor have tlie 
methods of modern science been applitsl to its 
nunuiraeture. As a first step in this diiTction an 
attempt should be made to establish ‘jradiiif’; 
centres in the <jh<( produciim- areas under the 
Agricultural I'roduci* Act of 19117. 



DEVELOPMENT OF CATTII AND DAIRY 
INDUSTRIES OF INDIA 

Apart from liquid milk and <y/frr, the most 
important dairy products (if India arc Uhm (solidi- 
fied milk) and duhi (curd). Il is desirable that 
the nutritive valium of these indijicnoiis products 
should be carefully investipited in view of their 
widespread consunqdion. The problems of desic- 
cation of milk under Indian conditions require 
careful study, as then* is clear indication that the 
market for milk powder may considerably be 
expanded and as there is the possibility of 
substitutinp^ khnn of poor keepinj? quality by this 
powder. Study of the bacteriolof^ieal processes 
associated with tin* jirodiiction of dnhi may also 
yield results of considerable commereial sifniifi- 
canee. 

It is sujrj^estcd that the exist in‘^ Imperial Dairy 
Institute should be transferred to a more suitable 
site in the (//Kc-producinj*- areas of northern India, 
and should be reconstituted as an Imperial 
Dairy Research Institute. Under a very well 
(lualified director, the work of the institute should 
be divided into four s(*ctions, viz., dairy bacier- 
iolof^y, dairy chemistry, dairy technoloj^y, and 
(biiry husbandry. Side by side with the develop- 
ment of this Research Institute, elTorts should be 
made to eiicouraue the investij^ation of dairying; 
l>roblems at provincial a j»ri cultural collej;es. 
There mi^ht be specific dilliculties a.ssociated with 
the manufacture of dairy products peculiar to a 
province, and it is best that thcwse problems are 
tackled locally. Trainin** for the Indian Dairy 
Diploma should be «iven at the provincial ajrri- 
cultural collef^es, and not at the (’entral Research 
Institute which may only provide research training; 
and refresher courses. “ If improved methods 
for the production and liandlin^^ of milk and the 
manufacture of milk products are to be made use 
of in the villages, it will be essential to have 
available a lar^^e number of workers trained in 
. certain elementary tlairy practices, (’oui’ses of 
traininf*: for such works should alrfo have to be 
provided at provincial afd’ieultural colle»:es. It 
is recommended that serious consideration be driven 
to the provision of dairy traininj? for w'omen/' 

India po.ssesses nearly one-third of the world’s 
(*atlle poiiulation, but, ovvinff to un.satisfactory 


maiiaisccment, the production value of the cattle 
industry is not at all commensurate with its size. 
Indian milk products may be estimated at 300 
crores of rupees; hides and skins may be valued 
at 400 crores of rupees, and the monetary value 
of cattle labour applied to Indian aKricnlture may 
be estimated at 400 crores of rupees. Ckinsider- 
inp: the enormous value of this industry, it must 
be admitted that very little attention has hither- 
to been paid to the development of this industry. In 
view of the need for increa.sed production of milk, 
which should at least be doubled in order to main- 
tain a healthy population, the problem of cattle- 
breedinj? should be taken up on a eomprehensive 
scale. Hreedin^ experiments carried out at vari 
Oils centres show that by careful .selection indi- 
j;*:enous strains of Indian cattle can be built up, 
which are capable of t^ivinj? milk yields comparabh* 
with those found amohf*; the average Kuropeaii 
.stock. It is e.ssential that the breeding*: of hijili- 
yieldinf? .strains should be quickly extended. The 
number of bulls at present as studs represents 
only one per cent of India’s recpiirements. Mater- 
m\ proji:res.s can only be achieved by rapidly 
iucreasinf? the number of approved and rej'istered 
stock rai.sed in villajres, and private breed(‘rs. 
Simultaneously with the projjfress in the fli.stribu- 
tion of pedi^Toe bulls, there should be intensifica- 
tion of castration measures for eliminatinj^ tlu* 
scrub bull. “In formulatinj» breeding' policies, 
two e.ssehtials must be kept in mind: first, tin* 
necessity for adoptin*^ a policy which will meet 
local reiiuiremcnts ; and second, the need for 
continuity in tr? ])rof>:ramme for breeding.” 

The majority of Indian cattle are seriously 
underfed, and there is no adequate provision for 
proteetion af>:ainst epidemic diseases. Efforts at 
improved breedinf*- will produce results of little 
value if the problems of cuttle nutrition ami cattle 
diseases are not satisfactorily solved. It appears 
that Western ralionin^r systems are not suitable for 
application to Indian cattle and buffaloes. It is 
therefore desirable that suitable systems of 
rationiiiff should be devised for the f^uidance of 
milch-cattle and bullock owners. Jn India, due 
to a non-uniform di.stribution of rainfall, adeqiiatt* 
supply of fodder crops in rainless months is a 
.serious problem. Ajjain, the ordinary coarse 
fodders show a marked deficienc.y in the amount 
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DEVELOPMENT OF CAHLE AND DAIRY 
INDUSTRIES OF INDIA 

of proU'in. Larf^c scale attempts slioiild he made 
to fodders of outstanding^ value such as 

hcseem (K^yptian clover) and lucerne, and 
preserve them hy silajye formation. Fi»r studies 
in cattle nutrition, full use should he math* of 
existiiiff provincial research centres, Hz., 
Ijynllpur, Dacca, and Doimhatore, as well as of the 
newly established Animal Nutrition Section of 
the imperial Veterinary Research Institute at 
Izatnaj^ar. The Imperial Agricultural Research 
Institute at New Delhi should undertake a eom- 
j)rehensive projyramme of analysis of fochler and 
feedinj^ stuff. 

Donsiderahle proji?*ess has heeri made in recent 
years in the <levelopment of methods for comhat 
iu}? rimlerpest. The Imperial Douncil of Agri- 
cultural Research now maintains in each pr4»virn*e 
a Disease Jnvestij»ation Offi'eer, who is responsihle 
for the field-survey of the major cattle diseases in 
the province. It is ury:ently necessary, howevm*. 
to improve and expand the orjiyanization for the 
effective dissemination of knowledj^e of diseases 
ac(iuircd at research centres as well as control of 
hreedinjr and livestock manaj»:ement, It isstronjrly 
recommended that in the interests of huth effi- 
ciency and economy, all these types of work 
should he unified in each province under a sinjrh* 
department of animal hushandry. Suc<'ess will 
ultimately deiuMid u]>on a lar^e staff of “ Stock 
men ’’ who should he trained to work amoim- 
cultivators in the villajies after ohtaiiiin^- special 
elementary courses of instructions i?i the vcleri 
nary and aj*ricultural eollejics. 

The present measures which are desi«»iie«l to 
im])rove the »>eneral standard of Indian cattle 
are extremely inadeipiale. It is to he hoped that 


hi each province there will he set up a hoard of 
rural development which would coordinate the 
activities of the deiiartments of at*riculture, 
animal hushandry, forestry, public health services 
and the co-operative scicietics. The ptjpular 
ministries in the jirovinces can <lo no better con- 
structive work than setting up an ellicient hoard 
of this type provifhsi with aih'nuate funds to look 
after the needs of the rural pojuilation. 

lUit, on the ultimate analysis, prosperity can 
he attaine<l in the rural ar(‘as if only the ecomauic 
value of the small agricultural holdings can he 
considerably increase<l. At ])n'sent, India is 
virtually attempting' to maintain a relatively 
dense human i)o])ulation hy methods only appli- 
cable to an extensive system of farmin;.*'. Such 
methods may he suitable t\»r newly <levelopin^ 
countries like Australia where ample lami is 
available for each cultivator. In India there are 
200 persons i)er srpiare mile, and in the mon* 
fertile tracts, even 000 ])er siiuare mile. With 
such dense iiopulations, it is essential that the 
output of i)roduc(‘ per acre should he hiyli, and 
for the purpose the fertility of the soil must he 
maintained at a very hi^h level. The develop- 
ment of Indian agriculture tlemands the dove- 
tailing of the arable and animal hushandi‘i(‘s into 
one mixed farmin^^ system. The cattle problem 
thus dominates the whole situation. Such a mixed 
farminji' .system would involve not only the a])pli- 
calion to the .soil of all available manure hut also 
the cultivation of lejruminous fo<l<ler crops which 
contrihule markedly to soil fertility. The Indian 
villaj^e can only revive if alony with intmisive 
cultivation of ccr(*al ami money ci'ops, the dev<*lop 
ment of the cattle industry and a rational system 
of ‘rrowin;^’ lef»uminous fodder croi)s lind an 
important place in all proj^rammes td‘ rural 
recon, st ruction. 
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The Price of a Unit of Electricity 

Wi-: now pei'f'fivo Hint the ol' a unit varies 

widely and depends upon the use to whieli it is 
put. When nse<l for ])ower piir[»os(‘s (that is, for 
drivinji' luaehiiu'ry) the rates are lower, and dept‘nd 
upon the aniounl of units einisunied. In liondon 
the ral(‘S for power vary from |d to .]</ aful in 
Caleiitla from anna to 1 anna. The <‘!iarj»‘es 
j)er unit for domeslie use are hijih, and vary in 
Krmlaiid from l.'J.V, (in JIam])stead) to J{-4r/ in 
country districts. In Calcutta the price per unit 
is 2 annas and in .Mlaliahad 2.7.*) annas. 

The Use of Electricity 

L(‘i us now see the proportion in which electri- 
city is u.sed for different purj)oses. In an 
industrial (‘onntry, the domes! i<* load falls far 
short of the indiistr'ial load, h'or ('xaiiiple, in 
Soviet Knssia out of a total production of 
million units in 192."), 1)9.1)% was consumed in 
industry, 14..*)%. for domestic ami munic'ipal us<‘, 
2.2 for traction of electrified trains, and tlie re.st 
12.7'J'o ti’ansmission and transformation. 

Kveii in Knj*Ian<l, the domestic* load includinj^ 
doiiK'stie h(‘atinj»’ does not exceed about 20% of tin* 
total production of electrical energy. The industrial 
load forms a more certain factor, while the domes- 
tic load is at its i)eak only for a few hours in the 
course of the wliole day. For this reason the 
charj?es for industrial use are low„ besides this, 
we have to remend)er that a country's industrial 
projrre.ss is hampered much if the (*hai’«es for 
l)ower supply are hij»li. In Europe, it has been 
estimated that the power chartjcs in industry on 


th(‘ avera.ue form only IV"., of the total co.st of 
])rodnction. Accordinji* tt) the rates ])revairm‘i- in 
India the charf»es are probably 9 to 12 per cent of 
the total cost of production. This shows, there- 
fore. how far industries in India are handicapp(‘d 
in their develojuiieiit on account of absence of a 
eh(*ap power-supi)ly. 

For imlustrial use, the rales ai’e generally not 
much abov(‘ the co.st of pi'oduction, ( jj., at Allaha 
ba<l, the cost of production is .2b anna per- unit, 
while the Municii)ality “ets electricity for raising 
water at .72 anna; sometinu's the industrial rates 
are fixed evt‘n lower than the cost (d! generation. 
The loss is compensat(M| from the domestic consu 
mer for whom electricity is consideiSMi as an it(‘m of 
luxury. This pi’actice which is very largely follow- 
ed by sup])ly com])ani(‘s in this country has 
how(‘ver been found to be harmful as in the Ioiil* 
run it checks the j*rowth in electrical consniiiptioii 
for domestic use. IJelow we cpiote fnmi a i)aper 
read by 2. \. Smnmer before the Institution of 
Fleet rical Knj'iiusu’s on the" 19th February 192»7, 
which shows the disadvantages due to mal- 
development of domestic rales. 

(1) “Prices for (loiiicslic siij)i)l>’ .'ire gen orally too hijjli 
to ponnil of the extensive use of electricity aiiU reductions 
in price tend to follow an increased demand, instead <>1 
precedinjj it. A.s a result the ilomestic load continues to lx* 
restricted, the fixed eharj^es per unit sold remain hij*!) and 
a condition of expandiuj;; dciiiaml with coiiseciueiit falling; 
costs becomes impo.ssible of achievement. This is parlicul.ar 
ly true for umlcrlakin}j;s, .supply iiij' less than ten million 
units per annum. 

(2) “Klectricity for power purposes is soUl in many 
cases at charges which are unreinunerative and which are 
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coiisiderahly below the equivalent of cost of production by 
private ])laiit. The effect of this is to ])lace on dl>tlIP^lie 
charj'cs a burden which prohibits the domestic loacl from 
increasinji to the point at which its inheriMitly hltjh diver- 
sity* makes it profitable. This a])plics chiefly in thf‘ case <,[ 
lar«pr nndertakin|j.s”. 

(3) “The absence of a unified tariff ba^is nml a unifie<l 
scale of charj^cs for electricity causes anomalies and iiKMpia- 
lilies which have a psycholoj.i;ical effect in (Icterring con- 
.sumption". 

Problems of Rate Calculation 

Tlic pfolileiM of r;il(* is theiTrort^ 

a (MHiipIfx one. iind (*, * 11110)1 In* (loiilt willi in dctnil 
in ji }ii*1i(‘Ii‘ lilu* this. The iir'»‘niiH‘njs 

^iven ;il)o\'e mny l)(‘ tnu* foi* a (*oiinlry which has 
almost reacluHl tin* saluralion point in the dcveloj)- 
ment of indiistrios. I»ut for a country likt* India 
where imlustriali/.ation, in its true sense, has not 
;yvi commenct'i], tli(‘ arguments fail to materialize. 
In order to em-oiirajic lh(‘ develo])ment of 
industries souk* preferen<‘e has to ht* «»iven. Aj»ri- 
ciilUire vetjuires even mort* l)enefi<*ent reduction 
as the prices of ^rain in these days have ji’one 
down, rnforltinatcly, in the Tnited I’rovinces, 
tht‘ (laiijues (‘anal flytlroelectric Sclnmie which is 
meant to supply electricity for irrigation to a»rp 
cidlurists lias not been able to supply elecdricity 
at a cli(*ap rale on ac(*ount of the unusiialkv hi*»h 
phuluction cost. The scheme lh<‘rerore has proved 
to be a burden ralher than a boon (<*onlrary to the 
claim put forwai’d by its sponst)rs) to the 
rural population of the western districts of the 
rnited Provinces. 

Factors Governing Cheap Generation and Distri- 
bution of Electrical Energy 

The problem of production ami distribution ol 
eb'ctricity is a very complex bnsines.s, and the 
economics depend upon a large number ot factors. 
Often solution of one .set t)f jiroblems gives rise 
to others of a more complicated nature. These 
how'over depend upon the parlieular plant and its 

* "Diversity" moans the multifarious uses to which elec- 
tricity can be put. 


eeoiiomic situation. In tliis seel ion an attempt 
has been made to tiisenss a few general faetors 
wliieb govern th(‘ ral<‘s f»)r eleelrieal power* 
supply. 

It has alrea<ly been mentioned that el(‘elri(*al 
energy can be prodneed from eoal, peal or lignite, 
oil. shale, wood ete. The cost of ])rodiictioii per 
unit. tln‘refoj*e. depemls \o .some extcml upon the 
eost of lliese raw materials. In the ease of water- 
power. this item of ex[)enditiire is .saved, hut in- 
stead of this a large amount of additii>nal ea])ital 
has to he sunk on tin* initial outlay of tlu* ])lant in 
eonstruetion of <lams. weirs, pipe lines ete. The 
enlist ruetion of a hydro-eleetrie station I'eipiires 
mon* skilb‘d labour than a (*oal or an oil ])lant. 
Often the saving in the cost of fuel is thus more than 
compensated /)]; the interest and depreciation charges 
ndtich have to he incurred on the additional capital. 
The r(‘lalive advantages of the two types of 
stations are di‘pemb‘nl on the type »)f water ])ower 
availahb‘ ami the prt»ximity of the steam station 
to a eoal tield. It *may be menlioniMl here that 
even near the Niagara falls (T. S. A.), steam- 
planls are (*ompefing ipiitc* siieeess fully witli 
bydroelef trie plants, 'rids argument has be<‘n 
given h(‘re only to remov(‘ from the reailer’s mind 
the false notion abciiit liydroele(*lrieity. It is often 
wrongly thought that in the ease of water power, 
energy is obtained without cost. This idea is 
ahsolntely false. The modi‘rn eoal-bui*ning plants 
whieh use higli pre.ssure steam have attained great 
(•riieieney in these years and only l.b Ihs of eoal 
are nc<*cssar,y tn produce a indt of eh*(*t ricily, 
while dl) years ago, the figiii*e was sl.\ limes as 
great. The cost of ct>al alone per unit would 
therefore amount to .Oo anna at (‘ab*utta and 
a))out 1 10 anna at Allahabad in normal times. 

r>ul the eosi of fuel forms imly a small ])art of 
the total eost of production. We have also to lake 
into aeenunl the int(*rest on the capital invest- 
ment, on maebinery, building, ete. A large 
amount lias also to be spmit on distribution lines. 
To this we have to add tin* charges for de])reeiation 
of the maeldnery, esiahlishment eharges, and 
repairs. Kinally, the pri(*e per unit would be 
determineci by load factor. The following ex- 
ample will serve as an illii.stration. In India the 
eost of in.stalling a steam plant is about Ks 4r)() - 
while in Kiigland, it varies from £20 to £40, 
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includiiif? costs on transmission lines, per kilowatt 
installed. The cost of an averaj»e Hydel station in 
India, not started under (hivernineiit auspices e.ry., 
the Cauvery Works, the various Tata Works, 
is about Rs 600/- per Kw. Suppose we want to 
construct a plant havinj? a total capacity of 5,000 
Kw. The initial capital required should not 
exceed Rs (5,000X4^0) - Rs 22,50,000/-. The re- 
currin<»: expenditure will consist of (1) 4% interest 
on tlie capital, (2) 8] /;, for niaiiitenance and other 
coiitinj'cncics, and (Jl) for dcpreciatiim of the 
machinery. The total running: expenses ijcr year 
therefore come to about 11% of the initial capital, 
which for the above plant would come 
to Rs 247,500/- annually. Let us now 
sup])ose that the plant works on an averaj^e 
load factor of 40%, which means that duriu}*: the 
whole year it produces ( 5,000 X. 4X24X365) 
17,520,000 (17 million) units of electricity. 

As has already hwn mentione<l above 
1.5 lbs. of coal (best variety) are re- 
(piired for the production of one unit. The 
amount of coal required annually would therefore 
be (17,520,000X1.5) , 2,240::::: 12,000 tons. Kor a 
city like Allahabad the price of coal is about 
Rs 10/- per ton. Hence for prodnciiifj 17.520,0(K) 
units a total of Rs (247500 f 120000) :^Rs 367500/- 
would be re(|uire<l. The averajre cost per unit 

woidd IherefoFT amount to 3()7i)00 x 1(> 

175,20000 

about annas. It is evident that for a hij^ber 
load factor tiu' cost would come <lown still further. 

The Soutli Tons River Scheme* 

We can compare this cost with that of a hydro- 
electric station. Take the ease of the proposed 
South Tons River Scheme, which is meant to supply 
electricity to certain rural areas in Allahabad, 
Mirzapore and Henares districts. The scheme is 
estimated by Sir William Stampe to cost Rs. 880/- 
for each installed kilowatt, and will have a total 
jreneratinjr capacity of 7500 Kw. Taking: the 
averaj?c load factor of 40% which we think is 
an overestimate the total production of units per 


year would be ( 7500 X. 4X24X365) =26,280,000 
Kwlf. FiCt us suppose that the interest, main- 
tenance and depreciation cost the same as for the 
steam plant, the total annual expenditure would 
be 11% of the total capital, i.e., about Rs 594,000/-. 
The cost price per unit would therefore 

be 44 anna which is nearly 

26,28,000 

50% hi*?her than the cost for a steam plant. This 
is however an underestimate as we have neglect- 
ed the loss of power which will occur in the 
transmission of electrical cnerfiy at hij»:h voltaj^c 
throu«:h a distance of about 100 miles. These 
facts therefore prove clearly that for a place like 
Allahabad, a modern steam plant run by lomfltmil 
coal from Bihar or BenH:al would be more econo- 
mical than the proposed scheme of Sir William 
Stampe. 

In fact, for a Hydel station, it is rather dillicult 
to estimate the final cost per kilowatt installed. 
Nearly all the constructions needed have their 
own difficulties, and much depends solely on the 
injfcnuity and skilfulness of the enj»ineer in mak- 
inj^ the best use of the money. In India, the cost 
of hydroelectric plants has varied between rather 
fantastic limits. While in the (lovernment scheme 
at Mundi (Punjab) a sum of Rs 3,800/- per kilo- 
watt installed was spent, the famous Sivasamudram 
Hydel Worksinthe Mysore State cost only Rs500 - 
per kilowatt. The I'liited Provinces Upper (ianj»cs 
Canal hydro-electric j^rid has b(‘en constructed at 
the cost of Rs 1204, - per Kw. This shows that 
schemes started umler (lovernment lead have been 
very much ill-conceived and ill-executed. In Kn^ 
land a sum of £50 per Kw is considered too hi^h 
for a hydroelectric station. On account of such 
hu^^e expenditure many of these schemes have fail 
ed to furnish the consumers with cheap elect ri 
city, rhe hiffh c(»st is mostly due to technical ineffi- 
ciency. Many schemes have failed to return 
nnythinjjf due to j^ross underestimation of the 
cost of construction and overestimation of the 
load factor. The importance of the load factor in 
determining!: the cost of production has alrea<ly 
been mentioned. 

An important item of expenditure is the 
money spent on transmission lines. Very few 
localities are fortunate enougfh to be situated in 
the neighbourhood of a water fall or a coal-field. 
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Tlic power lins to be transfcMTod on wires. Hence, 
the further away eonsinners are from the pijint, 
the hij^her will fie the capital re(|uire(I for trans- 
mission lines. The cost of transmission of jmwer 
alouf? wires lias been reduced in these days due 
to transmission on hif^h voltafifo and the reduced 
price of transmission machinery. In such hijjh 
voltaffe lines a considerable amount of power is lost 
specially when the load factor is heavy. 

For Ilydel stations, loriff distance transmission 
is necessary as there is no other way of transfer- 
vinuf enerfify from the power station. In the case 
of an area situated near a coal field, it may be 
arj?ued that the cost of transmission of enerjry 
from the coal field may be f^reater than the cost 
of transport of coal. This however is not true 
and it can be easily seen that the transjiort of 
electricity between two stations is much cheaper 
than the transport of coal when the <Iistance is 
not much larji^er than 100 miles. The cost of 
electrical transmission for 100 miles alonp: wires 
in Kiif^land is approximately .02 d per unit inclu- 
sive of line losses and all other overhead charf»:es, 
and the cost of transport of coal for the sar.ie 
distance is 9.v per ton inclusive of end charj^es. 
If it is assumed that 1.3 lbs of coal are required 
for one unit the cost of transport of one unit 
would come to .00 per cent which is 3 times the 
cost of transmission of electricity on wires. 

When a larj^e number of ^eneratinj?; stations 
are to be constructed, i.c., when a definite plan 
has to be nnnle for elect rifyinj? a part of the 
country, as in the Enj^^lish f»:riil system, we have 
to take into account the relative ailvantay:es of 
constructing a few large stations spaced widely 
over a large number of small stations thickly 
situated. It is a well established fact that the 
bigger a plant the more economical it is. In fact 
the construction of big turbo-generators has been 
responsible for the cheap generation and develop- 
ment of electricity. The most suitable way of 
distributing electricity in a country is to eonstruct 
regional stations (suitably situated) and inter- 
connecting them by means of a gri<l so that in llie 


event of a station running short of demand, it may 
be supplied with power from other stations having 
surplus power, but in constructing the grid care 
has to be taken that an unduly high sum is not 
spent on transmission alone. The grid system has 
obtained from the availabh* resources: 

Summary 

To summarize: the following few points must 
be considered carefully if cheap jiower is to be 
obtained from the available resources: 

(1) The ajiproximate load required. This 

w'ill depend upon the economic situa- 
tion of the generating ])lant, i.v.t upon 
the type of consumers within the 
economic distance of the .station. 

(2) The economic possibilities of the region, 

t.c., whether there are any chances of 
a future increase in the consumption 
of energy through develo])ment of new 
industries. 

(3) Whether any hydroelectric resources 

capable of generating a largi»r power 
than required are easily available. 

(4) If local hydroelectric stations are not 

available, whether it will be cheaper 
to install .stations by using long-haul 
coal and other tyjies of fuels or to 
have long distance high voltage trans- 
mission lines from the liy<ln)electric 
station. 

(o) If several stations are to be constructed 
in forming a grid the relative advan- 
tages of wid(‘ly spaced large .stations 
over a large number of small one.s, 
must be taken into account. 

The Power Resources of India 

In India, only the eastern iiarts, the Damodar 
basin, the basins of some ()ri.s.sa rivers are in pos- 
session of good (piality coal. Some inferior type 
of coal is al.so found in the (Vntral Provinces and 
the Hyderabad State. The other parts of India 
have to depend either on coal transported from 
the.se parts (technically called ‘ lomj-hmil coal *) 
or on their water power resources. Unfortunately 
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IIm* li;is hocM siirv(‘y(‘(l lo ;i very litlh* oxioiil 
and llu* ttital walcr-iiowcr (l(*v(*ln|)(Ml romcs lo only 
about oOO, ()()() (halt* a iMilli<iM) kilowatts. This, 
ac(*()nlinj>’ tu Sir M. Visvrsvaraya, roniis only 2 to 
•Vy„ of 1lu‘ hydrocl(‘(*tri<* |)ow<‘r availahlo in tho 
LMHintry. It iiiust he a<hl(*d liowt'vur that the 
l)ow(‘r resources of India hav(‘ never hec^n surveyed 
satisfactorily and the al)ov(‘ (inures an* only ‘guess- 
works. It is (luite iirohahle that the fi‘i:iires (quoted 
above fall far short of tlie actual resources, as 
was found in the T.S.S.K. Itefore the Soviet 
came into power, the water power resources were 
estimated at 14 million Kw, but after the careful 
investigation by the l*ow<‘r Hes(‘arch Institute set 
up by the central ;»-ovei‘nment it w.«is found that 
the actual amount was 2S0 milli<ui Kw, ?.r., twenty 
times “reater. At any rate even on the basis of 
the present im])erfect surveyinj*', India possesses 
sufticient water power to electrify her to the extent 
to which countries like Japan and Italy are electri- 
fied. What is iirji'cntly needed now is proper 
survey and devisinj^- of proper means for the har- 
nessinj*' and utilization of these re.sources. Onl^v 
Ihmibay (the various Tata hydroelectric works) 
(Sivsamudram Hydroelectric Works) and Ma<lras 
I Madras Pykara Scheim*) have tackled a part o. 
their difticulty by partial development of their 
water power. The oiIum* provinces (the runjab and 
r. I*.) are also following, but the proj^ress is very 
slow, and, owin*’; to mishandliii”;, has so far j*one 
on entirely wrony lines. Kor details of the 
different schemes in India the reader is referred 
lo The Hy^droclectric Practice, in India, by I’rof. 
r>. (diatterji. 

The above considerations, therefoi*e, cl(‘arly 
jxiiid out that if the problem is to be seriously 
tackled several i)reliminary surveys have to be 
undertaken of which the following are the most 
Important : 

(1) Hydrological and Heoloj»ical survey 
of the basin, from which water supply 
is obtained with a view to find out 
whether there is a proper head or 


wdiether storajxo reservoirs are to be 
constructed. 

(2) An economic survey of tlie ref»ion to 
be su])plied with power to find out 
if it will consume the electricity pro- 
duced; if not, whetluM* fresh industries 
can la* profitably developed, which 
utilize the power proiluceil. 

(2) If a rejrion is economically and techni- 
cally suitable for electrification, pro- 
vision shoubi la* made for the supply 
of expert labour and the m‘cessary 
materials in the country. 

With regard to the first two ]a)ints, our inform- 
ation is that no ])roper technical or econonrn* 
survey has yet been made in this country with the 
result that almost all the power is riinninji* to 
waste. As regards the third point it is known to 
everybody that no factory (worth the name) 
exists in India which can manufacture the machi- 
m*ry required for the jiurposi*. The (iov(‘rnment 
of the country, while placing* orders, has never 
taken the trouble of stipidatinj** with the fonuj^ii 
companies that they should train Indians in techni 
cal work in their fuclorus, 

Kvery Indian, irrespective of his political creed, 
a^’rees, at least in one thin^', riz., that the probbaii 
of unemployment can only be solved If a planne<l 
syste»ii of industrialization is resorted to. lint has 
anybody seriously thoUKld over the various handi- 
caps which are im])edin»- the jiractical realization 
of these i<leas. In our oi)inion the reason is 
simple. At the present time India has a ‘•reat 
dearth of technically equipped persmis, and even 
now, no steps are beinj*; taken for impartin'* 
technical eilucation to the masses, hi some 
provinces, tin* syllabus for jirimaiy education 
iiiclmles a little traiiiino- on the technical side of 
a}»riculture, but that is not the thinj* reipiiretl for 
our salvation. What we need is proper training 
to run small rationalized cottage imiustries. Hut 
this too cannot be started suddenly as there are 
very few persons for imparting; this kind of train- 
ing in India. It is therefore necessary to st‘ml 
batches of young men to countries like Italy, 
Japan and Switzerland which have specialized in 
manufacture through rationalized cottage 
industries. This practice had been adopted by 
all the countries who have grown recently. *lapan. 
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although so highly ('(luippod, cvoii now sends o 
largo number of young men lo other eonntries (o 
uet themselves ae(inainte(I with tlie art of maim- 
fiu* liiro. 

It is true that in the hoj^iniiiiiijr the products of 


our newly started industries may fall short of in 
quality as well as in price, and for this they will 
require henefieent lejrislation and protective tarilTs 
etc. which m«1y gradually he withdrawn wdicn the 
necessary experience has been attained. In the 
end, we have to hear in mind that the corner stone 
of success of the.se coltajre industries wouhl he in 
the supply of cheap power only throut,di well plan- 
ned electrification schemes. 


Hindu Mathematics 


iCuntinuetl from fht taat 

A. N. Sinj;li 

Lvctiin'r ill M»i(lii<iimtii>s, tlii> l’iiiv»iMit,\. I.in kimw. 

Geometry 

It is said that geometry orij>inate(l in Kjrypt, 
near about the second iiiiMio.niuin In-f.i’c (M.rist, 
in ccnr.eciien with land survey. The (Irecks who 
learnt the science from the Kjjyptians, <*arried it 
to a very hij?h de.'^r^o of perfeciion. Hindu 
geometry commenced at a very early i)e:io<!, in 
connection wdth the construction of altars for 
Vcdic sacrifices, in course of time it outi^rew its 
orij^inal purpo.se and v/as cultivated for its own 
.sake also. Indeed, there is no <iouht that the 
study of ^»oometry as a science hei»an first in India. 
The early Hindu ^M’omctry was much in advance 
of contemporary Kf>’yptian or (’hinose j 4 eometry. 
Thou^rh the Hindu achievements iu jreometry were 
eompletely overshadowed by the .suece.ss of the 
(Ireeks at a later staj»:e, “ it .should never ho 
forfjolten that the world owes its first les.sons 
in {geometry not to (J recce, hut to India.** In 
fact, the early Hindus obtained many interest in«r 
and inp^enious results, results which are freiieraliy 
attributed to the (Ireeks hut which should he 
credited to the Hindas. In their treatises, the 
ancient writers have not left any proof or deinons- 


1 rat ion of the proposili«)ns diseoveretl l)y tliem. 
Only the hare results are left reeorded. 

The Pythagorean Theorem 

The i^ulha sfdnts are the e.arlie.sl f;eometrieal 
works of the Hindus. The following results are 
either expre.s.sly stated or implied in the various 
construct ions fonml in them: 

(1) The diaj,n)nals of a rectangle bisect each 

other. They divide the rectaimie into 
four j)arts two and two (vertically 
opposite) of which arc ccpial in all 
respects. 

(2) The diagonals of a rhomlms bisect each 

other at rij^ht anjrles. 

(.‘1) An iso.seeles triaii'^Ie is divifled into two 
e(|ual halves by the line joiniii}*: the 
vertex to the middle point of the base. 

(4) The area of a square formed hy joining 
the middle points of the sides of 
another scpiare is half that of the 
original one. 
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(5) A quadrilateral formed by the lines 

joining the middle points of the sides 
of a reetangle is a rhombus whose area 
is half that of the rectangle. 

(6) A parallelogram and a rectangle on the 

same base and within the same 
parallels have the same area. 

(7) The s(|uare. on the hypotenuse of a right- 

angled triangle is equal to the sum 
of the squares on the other two sides. 

(8) If the sum of the s(|uares on two sides 

of a triangle be equal to the square on 
the third side, then the triangle is 
right-angled. 

Theorem (7) above has been stated by Baudha- 
yana (c. 800 in the following words: 

“ The <liagonal of a rectangle produces both 
areas which its length and breadth produce 
separately.*'* 

Ajmstamba** and Katyayana*^ give the above 
theorem in almost identical v/ords. The theorem 
is now universally Jittribute<l to the (Ireek Pytha- 
gonis (c. 540 P.C.) though no really trust- 
vvorliiy proof exists that it was actually dis- 
covered by him.*^ The Chinese knew the numerical 
relation for the particular case 0* f-4*— 5*, probab- 
ly in the time of Chou-Kong (died 1105 Jl.C.). 
The Kahun Papyrus (c. 2000 B.C.) contains four 
similar numerical relations, all of which can be 
derived from the above one. As for the Hindus, 
one instance of -that kind 59*~I3fP f-15*, occurs in 
the Taiflirhfn SavihiiaP (about 2000 B.(\). It 
shouhl be noted that this instance is different from 
that known to other early nations. 

Although particular instances of the theorem 
are found amongst several ancient nations, the 
first enunciation of the theorem in its general 
form occurs first in India. It is not improbable 

liaudhnyana SuUia, i. 4S. 

ApaHtamba Sviha, i. 4. 

” Katyayana Sulha, it. 11. 

llealtli, History of Gre.ek Mathematics^ /, 144f 
“ vi. 2.1.0; it occurs also in the Satapatha lirahmana x. 

2, 3, 4. 


that Haudhayana possessed a proof of the 
theorem. But what this proof was will never be 
known with certainty. Burk, Hankel, Thibaut 
and Datta are of opinion that Baudhyana knew a 
proof of the theorem.*® 

Quadrature 

The Hindus studied geometry mainly with a 
view to its applications. Thus they devoted at- 
tention to finding formulae for areas, etc. For 
finding the area of the circle the Hindus gave 
several values of tt. In the ^ulha siitras we find, 
the values 

ir=4/^ I -f- J ( V2 - 1 ) I'* ■ 3.0883 

8^9 ‘ 8.29.0 8.29.6.8 

3.0885 

TT- 4(13, l5)*--3.004 

In 499 A.I)., Aryabhata I determined an extremely 
accurate value of v which was Indter than all the 
(ireek values: 




^ 62,832 

M , 0()0 


- :j.l416 


The value tt- is due to the Hindus ami is 
first recorded in the Suryaprnjvapti (sutra 2(1). 
It also occurs in the Taifvarlhndhifinvia sntrn^' (c.) 
150 A.J).). Aryabhata’s value of tt was improved 
upon in the fifteenth and sixteenth centuries. 


Brahmagupta made some very remarka])le con 
tributions to the properties of an inscribed convex 
quadrilateral. If X denote the area and m, v the 
diagonals of an inscribed quadrilateral whose sides 
are a, 6, c, d, then his results arc: 


(0 

51-- \/U—n) (s—h) (s~c 

where 

2.'j=rt f h4 cH-d. 

(2) 

)(m:+bd) (ab+cd) 

"‘“^1 ad+bc 


j(ac fbd) (ad+bc) 
^ ad^bc 


>• S( 5 « Datta, The Science of the Sulha, Calcutta, 1032, iJ*. 
Tattvarthadhigama sutra, iit. 2. 
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Rational Figures 

The Hindus made use of their knowledge of 
indeterminate equations to propose and solve a 
variety of problems eoneerning the sides and areas 
of plane figures. And thus they applied their 
algebra to geomefry. 

The earliest attempt to obtain right-angled 
triangles having a given side is found in the ^ulba. 
In particular, we find two such triangles having 
the sides {a, 3a/4, r)a/4) and (a, Tm/ri, 15rt/!2). 
Brahmagupta ((>28) proposed to find all right- 
angled triangles having the side a and the other 
sides rational . His solution is 

Mahavira^* (850) also gives the above solution. 
Bhriskara T1 has found another solution 



Similar results occur for finding all right-angled 
triangles having a given hypotenuse. 

Mahavira proposes and solves the following 
problems : 

(1) III a the area is iiumerieRlly equal to the 

lieiiineter; in another tlie urea i.s nuiiierieally i*quai to the 
diagonal. What are the sides in eaeh of tliese eases)**'? 

(2) Find a reetanglo of whieh twiee the diagonal, thriee 
the base, four times the upright and twiee the perimeter 
together equal the area nuiiierieally'"’ f 

(3) The perimeter of a ree.tangle is unity. Tell me 
quiekly, after <*.aleulating what arc its base and upright**? 

(4) Find a rectangle in whieh twiee the diagonal, thrice 
the base, four times the u])rigiil ami the perimeter together 
equal unity.” 

(5) Find all isoseeles triangles with rational integral 
sides and areas.” 

*“ Ganita-sara-Samffraha, vii. WT.f 

^ Ibul, vii. 115. 
vii. 117. 

“Ihwl, m 118. 

“IhW, vii. 119. 

”lhid, vii, 108. Given also by Brahmagupta, I c., 
xii. 33. 


(6) Find two isosceles triangles whose perimeters, ns 
also their areas, are equal or related in a givmi propor- 
tion.” 

(7) Find all iiitioiml scalene triangles.” 

(8) Find all triangles luiving a given area.” 

Bnibnmgupta has shown how to find tin isosceles 
trapezium whose sides, diagonals, altitude, seg- 
ments and area ean all be expressed in rational 
numbers."' He further formulat(‘d the following 
remarkable proposition : 

Find all quadrilaterals which will be inseribable within 
circles, whose sides, diagonals, perpendiculars, segmmits, 
ureas and also the diameters of the circuinseribeil circles 
will Is* expre.ssible in integers.” 

Solutions of the above have also been given by 
Malta vira, S^ripati, Bbaskara If and others. Final- 
ly MahAvira has given the solution of the follow 
ing rtmiarkable problem : 

Find all raiioual triangles and quadriluteruls inseribable 
in a circle of given diameter. 

Trigonometry 

The scienec of trigonometry is said to have 
originated with the (Ireek llipparehus (r.l4()B.C.). 
But the (Iroeks useil tlie ehord of the angle instead 
of the sine or cosine funetions. The chord of a 
given arc, whieh corresponds to the side of a 
certain polygon inscribed in a circle naturally 
attracted mure the attention of a ra(u» of geometers. 
The function nine is in reality an invention of the 
Hindus. The change from the ehoni of an arc 
to the semi-chord may appear to be simple, but 
the first conception of this change did not come 
easily as will be realized by the fact that it did not 
occur to the flreek mind. The modern term sine 
is itself derived frojii Hindu sources. The Sanskrit 
term for the function is jifd or jivd. The early 
Arab writers adopted this term and called it jiha. 
This latter term was subsecpiently corrupted in 
their tongue into jaib. The early Jaitin translators 
of the Arabic works, such ns (iherardo of Ocmoiia 
(c. 1150) rendered itas.sTau.s whieh means “bosom’* 
or “ bay.” The Hindu term for Ibe cosine was 
koti-jyd, often abbreviated into ko-jyd. When pjd 
became sinus, ko-jyd was naturally rendered as 
co-sinus, 

« Ihul, vii. i:i7. 

“/frif/, vii. 111). Given by Brahmagupta, 1. r., xii. 34. 
vii. 100-02. 

” Brahmagupta, 1. r., xii. 30. ^ 

J-ti. 38. 
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The Tfindus used three fuiietions of an aiiffle, 
namely jyd, koti-jya and utkrama^jyd, which 
<*orrespond respect iv(*ly to our modern sine, eo-sine 
and versed sine functions. 

The study of functions of complements or sup- 
plements of are is a coni rihut ion of the Hindus to 
tri}»onometry. Manjula (9T2) states; 

“ The jjfa is positive or neffiitive in tin* qimdrants above 
or below (the prime line; and tlie koti is positive, negative, 
negative end positive siieeessively. ” 

The Hindus knew trigonometrical formulae 
corresponding to the following: 


(1) sin=(9 1 cos"d--=l, 

1 -cos B 

(2j sin ((?/2)- , 


(2) sin (« ± P) sin « cos p i cos a sin j3, 
( 4 ) sin'-* 20 f versi 20 ~ 4 sin'*' 0, 


(o) sin (4r)‘^-.t:(9J — 


1 -.t sin 2l9 
2 


(6) sin («•' '/?)/2" J -{ (sin «—sin 

(cos nr— cos 

Of the above the first three were also known 
to the Oreeks; the fourth was slated by Variihami- 
hirji (bOfi) ; the remaining two are due to 
Bhaskara Jf. 

The Hindu astronomers were also actiuaint- 
ed with the following formulae of spherical 
trigonometry : 

cos r -cos a cos bfsin a sin h cos 0, 
cos -I sin c=^cos a sin 6— sin a cos b cos 


sin a sin h sin c 

siiwl sill/? siiiC' 

Kvery Hindu treatise on astronomy contains a 
table of sines and versed sines as also of thoir 
dltferences, calculated for the angle I3:j° and its 
multiples. In this connection we have the follow- 
ing formula given in the Sfirya^siddhanta (c, 400) ; 

sin (m I 1) ^ “sin ?i^=^sin w^-sin ^ (n—l)0 — 

sin nO 
225 • 


The above formula is used for calculating the 
table of sines. It depends on the calculation of 
their second differences. Delambre thought it to 
be curious and remarked: “This differential 
process has not up to now been employed except 
by Briggs w'ho himself did not know that the 
constant factor was the square of the chord or of 
the interval, and who could not obtain it except 
by comparing the second differences obtained in 
a different manner . . . Here then is a method 
which the Hindus possessed but which is found 
neither amongst the (Ireeks nor amongst the 
Arabs. 


Series:^’' Finite Series 

Series of numbers developing according to 
certain laws have attracted, the attention of 
petqde in all times and climes. Arithmetic 
as well as geometric series are found in the 
Wdic literature of the Hindus (r. 2000 B.(-.). 
The Hindus must have obtained the formula for 
the sum of an arithmetic series at a very early 
date, but the exact date is uncertain. It is, how- 
ever, ilefinite that in the fifth century B.C. they 
knew how to sum an arithmetic series, for in the 
Hrhfuldivatd (500 400 B.(\) we find the result: 

2 1 ;3 I 4 f .... I 1000 500499. 

In the Kulpu-siitni of P»hadral)ahu (c. 250 B.(\) 
the sum of the following g(‘omelric series 

1 1-24-4+.... +8192 

is correctly given as 10383, showing that the 
Hindus possessed some method of fimling the sum 
of a geometric series in the fourth century B.(\ 

The following results: 


n{n \ 1) 


0) 


n 

-Sr, 

\ 


- -6 


Delanibre, Histoire de V Astronomic Ancienne, I, Paris, 
1817, pp. 457-b2. 

"For (JetuilH and references see Singh, Osiris, i, 
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( 3 ) 

( 4 ) 


n(?i+ I ) 

{ n— I 


^ r, 


foriiii'd by takin^^ successively the sums up to 

1, 2, 3, terms of the series of natural numbei’s, 

is jfiveii ill all Hindu works, bcKinniiij^ with that 
of Aryabhata 1, who j*:ives the result as 


a + 


2 


r=l 


n 

X Nr- 


f-** *■„ ' 

are found in all Hindu inatliematical works. The 
problems of fimlini^ out (1) the common difference 
of an A.P. or the common ratio of a (I.P., (2) any 
desired term, (It) the niimiier of terms, and 
(4) the insertion of a “[iveii number of arithmetic 
or j^eometric means are also common to all Hindu 
works. 

The treatment of series found in the works of 
Mahavira (HfiO) and Nariiyaiia (Plot)) is more 
detailed than in others. These writers »:ive 
formulae for findini;*' the sums of series formed by 
the sijuares or cubes of the terms of f^iven arith- 
metic series. Ac<'ordinj»- to Maliavira 


M(a l-l)(n }-2) 

w 

{n I l)=’-(n+l) 
li 


Mahavira has generalized the above series of 
sums in the following manner: 

Let flfi I 0-2 i aa'f .... f Wn, 

be a series in arithmetical pnigression, whose 
common dilTerenc<‘ is so that lj8). 

He then considers the following series 


r~n ^m — ar V 
S ( S m 1 
r- l\m-l / 


and gives its sum as 


(a \r-\hy 
r - I 


[ 


[‘2n -1 


a: 


(‘2n- 2)/?* ^ J ^ (11-1) I «,(«,! 1)J 




Narayana gives the above result in another form. 
According to him 


ami a<*cording to Narayana 

X(a-n 1 

: ( •« )<■ 
r iVh-1 / ^ 

T, \ p N 

m X ni ^ 
1 1 ^ 

H 

n — 1 


V- 2 r 

% {a \-r ' \by 1 2(i 

1— V ,.2. 

-f 71 m 1 

p^ ix m 

r-1 

r 1 

1 

1 M 


m 


Both Mahavira and Narayana state that 

H _ 

X {a \ r-\hy=h.S'^-\-Sa(a^l)) 

/•-I 

n 

according as rt>or<h ; where jS'= (a I r- 1 h). 

r= 1 

Series of Sums 

Let A"n=l I 2 { 3 I ....-f n, 

then, the series 

n 

S Nr, 

r-i 


Narayana’s Series 

Narayana has givcm formulae for the sums of 
scries whose terms are formed successively by 
taking the partial sums of another series in the 
following manner: 

Let the symbol "Pi ilenote the series of natural 
numbers, i.c., let 

n 
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Let cl<*ri()t« the series formed by taking the 
partiat sums of the series "V",. Thus 

n 

r-l 

Similarly, let 

n 

- V'VV 
r~ I 

n 

^V„-- 

r-i 

Nan^yana states the following formula for the sum 
of the series 

) (n f 2) . . . . (w-l m). 

«V = _ 

1. 2. ;i (m i n) 

lie has further considered the more general series 
obtained in the same way as above from an arith- 
metic series. 

Let 

n 

1 

an arithmetic series whose first term is ori and 
common difference j3. As above let us define the 
iterated series .... ”<S\ as follows; 

n 

r=l 

... 

* r=l 

According to Narayana, the sum of the series 
is given by the formula 

Infinite Series 

Talakulattura Nambutiri (1432) discovered an 
infinite series for the arc of a circle in terms of 
its sine and cosine and the radius of the circle. If 


r denotes the radius of the circle, a an are of it 
and 9 the angle subtended at the centre by that 
arc, then 

rSin«d rSin®^ 

a-re- • j 'sTCoFfl 

r Sin^ 9 ^ 

“T.’Cos^"^ 

where O<0<ir/4, and 
^ r^in {7r/2-9) rSin^ 

rSin'^ 

5.CW(7r72-9) ■■■■ 

where Tt/A<9<TrJ2. 

The above series are given also by Pathumana 
Somayaji (1733) and sl^ankaravarmana (c. 1700). 
The former gives the well known expansions of 
the sine and cosine of a given angle in terms of 
that angle: 

Jya « ~r sin 9~-(x- I a■7/*^')! 

which in modern notation can be expressed as 

Sin 9 9-9Y3\ \- <975!- 
and 

Kotijya a=rVoii 9 — r—a^/r2\ ^a*/rm— 

which can be written as 

Cor; (?--^l-0V2H-0V4!- 

Calculus 

The Hindu mathematicians made use of the 
infinitesimal increment, i.c., the differential of 
given functions under the name tdtkdlikihgati 
(instantaneous-motion). Manjula (932) gives the 
differential formula 

8u — Bv±:€ (!os 9 B9y 
corresponding to the equation 

u=v±:e Sin 9 89. 

lie uses the result for the determination of the 
true motion of a planet. He says; 

True motion in minutes is equal to the cosine 
(of the mean anomaly) multiplied by the differ- 
ence (of the mean anomalies) and divided by tlic 


acisN os a 
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chhed(i, added or subtracted contrarily (to the 
mean motion)**^'. 

The differential of sin 6 is termed by Bhaskara 
II as the tdtkalika bhogya-khandu, and the differ- 
ential formula 

8 (sin (9) — cos d 

has been proveil by him. It has been used by him 
for calculatinji: the uynmi-vidana (an^;lc of posi- 
tion). He has further made use of the followinj^ 
theorems : 

(1) When a variable attains its maximum 

value, its differential vanishes. 

(2) When a planet is either in apof^ee or 

in pcrij^:ree, the equation of the centre 
vanishes, therefore, for some inter- 
mediate position the increment of the 
equati(m of centre also vanishes.^- 

Another very remarkable formula for the 
differential of a function involviiij^ the inverse 
sine function as well as the quotient of two func- 
tions, one of which is under the radical si^ii, is 
t!u lollowinjj: 



a sin 0 
I 2 (th cos 


) 


^ \' 4 2 (lb cos 61 f (d 




b{b I a cos 0 ) 

* 2 nb cos 0 i td 


hO 

^ \/b‘ I 2 ah cos 0 Vtr 

This result occurs in the works of Aryabhata 
(950) and Bhaskara (1150). 

Magic Squares^ ’ 

A rule for the construction of 4-ma^ie squares 
(i. e., masic squares of .sixteen cells) is for « in 

** Lttyhvmaniiaa. ri. 7. KtTP chhnia ( divisor )“lc. 
"These results oeeur in Itie Goladhyiiya Spasttelhikara 
vasana of the Sidhanta Siromaw, and were first noted by 
S. Dvivedi. 

" Mahaaiddhanta, Hi. 27. 

** SUIdhanta Siromtwi, Grahiipfaiiita, Spnstadhikara 30. 

"See a forthcoming artiele in the Seripta Malhrmatira^ 
also Comptca Handua du Conf/rcaa International dca Mathv’ 
matidenSf 1935, pp. 275/. 


a work on magic, known as the K(tks.di(ti>ufa. One 
of the squares constructed by this rule is called 
Ndgdrjunhja, tind is thus attributed to the 
celebrated alchemist Nagarjuna, who flourished 
about the second or the third century after Christ. 

The Hindu astronomer Varahamihira (505) 
ha.s given a 4-.square witli total IS, and has called 
it sarvtttnbhadra (magic in all respects). This 
square is continuous according to the definition 
of Paul Oarus. 

In a daina inscription found among the ruins 
of the ancient town of Khajuraho occurs 4-square 
with total 54. This belongs to the eleventh cen- 
tury. In the TijapfipahuHa siotrn we find anothei* 
4-square with total 170. The date of this is un- 
certain, but it cannot be later than the fourteenth 
century. 

It is thus clear that the 4-s(|iiare was tlie first 
to attract attention in India. The Chinese are 
.said to have been in posse.ssion of a 5 square with 
total 15 about the beginning of the Christian 
Kra. 

A complete theory of the coiustruction of magic 
s(|unres is found in the (lunila-kaumudh a work 
on arithmetic and mensuration, by the Hindu 
mathematician Naraynna, who flourishe<I in the 
fourteenth century. It is probably the first work 
that contains a mathematical eximsition of the 
subject of magic squares. It is here that we fiml 
for the first time a classification of magic sipiares 
into 4,„ 4„ f 2 and 4„i:l types. Narayana gives 
methods for the construction of 4„ and 4„ztl 
.squares by the method of superposition of two 
skeleton scpiares. This method of superjiosition 
was discovered in the west by de la Hire (1705) 
and forms the basis of most of the work that was 
.subsequently done on the subject. Narayana 
gives also the method of the knight move for the 
construction of 4„-.squarcs as well as the well 
known method of constructing odd sipiaros by 
filling parallel to the diagonal. He attributes 
these methods to previous authors. 

A number of interesting squares con.strueted 
by novel methods are found in the writings of the 
Jain monks Dharmananda and tf^undarasuri both 
of whom lived in the fifteenth cent\n*y. Two of 
these methods have been di.scovered recently by 
Schubert and Andrews respectively. 


585 


Vol. lU. Mo. U 
.HAY l»St 



Twenty Years of Soviet Physics 

A. F. Joffe 


[We repr^luce from ihe ** Phpsiknlische /eitschrift 
dor Sorejet Vnwn ” an article hij the Academtcmn A. 
F. Joffe, entitled “ Twenty Years of Soxdet Phi/sics/* 
The article xcill prove interestinff to our readers in 
viexe of the parallelism which eo'ists between Soviet 
Phtfsics and Indian Phtfsics, Many of the remarks 
made by Joffe with respect to the cultivatum of 
physics in pre JVar Pitssia may apply xvord for word 
to Indian conditions before the IVar. 

Hut there the parallelism ends. The nexo life in 
Soviet Physics is entirely due to patronarje of the 
State, as is evident from JoffFs article. As has been 
described in the forthcoming volume on ” Txventyfix^e 
Years of Progress of Physics in India** {written for 
the Silver Jubilee Session of the Indian Science Om- 
f/ress), Indian physicists have made great contributions 
to physics xvithin the last Ixventytive years , — a fact' 
xvhich is recognized by scientists all over the xcorld. 
But the Indian (lovernment is not entitled to any 
credit for the groxeth of the physical science in India. 
Credit is due mostly to private donors to Sir T. X. 
Pal it and Sir B. B. (those, whose princely dona' 
tions enabled the Calcutta University to start the 
University College of Science; to the late Dr Maluot- 
dralal Sircar xvho started the, Indian Association for 
the (*ultwation of Science nearly (iO years ago, to the 
Tatas xvho started the Indian Institute of Science, 
to the Maharajah of Jeypore ivhose munificent dona- 
tions enabled, the Andhra University to .start their 
College of Science, and to the other numerous donors 
xvhose munificence xvas responsible for the establish- 
ment of universities at Benares, Aligarh and same 
other places. .Is far as xve are aware, the <mly grants 
which the (ioxu'rnment of India makes towards re- 
search in physics are a research grant of Bs 1S,()()0>'- 
toxvards the Indian Association for the Cultwation of 
Science and a grant of Bs o(),()00/- towards 
the Bo,se Besearch Institute. Considering the 
size of India, and growing demand of physicists, 
these grants are extremely trivial. The conditions in 


India xvere analysed by Prof. M. X. Saha in his 
Presidential .Iddress to the annual meeting of the' 
Indian Physical Society held at Hyderabad in January , 
J0A7, from xvhich the folloxving passages are taken: 
Prof. Saha begins xcith a quotation from Dr K. T., 
Compton, President of thi Massachusetts Institute of 
Technology. 

Historically we note that the Science of Physics 
has given birth nearly to all those ideas, processes and 
agencies xvhich have brought man to an understanding 
of the Material Unwerse., and to the use of its forces, 
Civil Engineering, a large part of Chemical Fngineer- 
/wf/, Metallurgy, Flecfrical Communication, Befrigera 
lion. Testing, Cent Hating, Automotive, and Aero- 
nautical and ihe countless products of those arts xvhich 
have revolutionized modern life, not only in its 
material aspects, but also in intellectual, economic 
and social relationships. Physics has not only 
originated these things, but continues to develop 
them.* 

** As a matter of fact a science xvhich is playing such 
a great part in the evolution of human civilization has 
certainly a great claim on Society and (ioxu‘mmeni. 
The material prosperity and political safety of conn 
tries are intimately connected xvith the active culti- 
vation of our Science. 

It is, therefore, natural that in Europe, .Imcrica. 
and Japan, increasing attention should be paid to the 
teaching of our subject in elemeaitary and advanced 
schools, in professional schools, in the tniivrrsities 
and technical high sch(tols, in special research institu- 
tions maintained by the (tovemmeni, prixuite benefac- 
tions, or by the great industries which have sprung 
up as a result of ihe discoveries made in physics. 
Large amounts are xvillingly spent on research by 
Governments and Besearch Foundations. In England, 
the country xvhich we follow, the change m the official 
attitude and the\ attitude of industrialists towards 
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research stnce the Great War has been remarkable. 
Sir J. J. Thomstm records in his persmial recollectums 
that in his daps he had great difficult p in getting mone.p 
for a little extension to the overcrowded Cavendish) 
J^aboratorp and he had to do it bp accumulating little 
savings for a number of pears from the recurring 
laboratorp grant.. .Hut largely as a result of the 
lessons learnt during the Great War, the attitude has 
been completelp changed. Not only are the Cniver- 
sitp laboratories far better equipped, but the number 
of research fellowships has increased enormously. 
You have all heard of the magnijicent gift of Sir //. 
Austin to the Cavendish Laboratory, and of Lord 
Nuffield to the Oxford University, part of 7chieh tcill 
be spent on the improvement of the Clarendon Labora- 
torp. Further, the Department of Industrial and 
Scientific Uesearch spends about J.dO million pound.ti 
In giving small doles to research workers, and a large 
number of them are 7 Vorkers in physics. The Uopal 
Societp of London has been getting endoxcments for 
founding research professorships, and only a xceek 
ago, thcp were recipients of a ntagnificeni sum of txco 
million pounds. It is calculated by J. Iluxlep that 
the Industries in Fngland spend about 6 to (i million 
pounds in scientific research, and in the United States 
of America about AGO million dollars are annually 
spent in scientific research bp Industries alone. A 
large part of this sum waturallp goes to researches in 
pure physics or to researches in associated subjects. 
As a result of these endoxcments I found verp fexv 
students of phpsics unem ployed ; for the intellectual- 
lp~minded it is quite easy to get research fellowships 
xvhich enable, them to keep the xcolf out of doors xvhile. 
they are struggling xvith a fundamental problem. For 
those xvho have a mechanical and commercial bent of 
mind, there are hundreds of industrial concerns xvill- 
ing to profit by modern discoveries. What a sad con- 
trast to the mediexml conditions prexHtiling in this 
countrp!** 

- Ed., Sc. »!{• 

Pre-Revolutionary liussiji could l)c proud of a 
number of scientists who have left a mark in the 
liistory of physics. Itesides I). I. Mendeleyev^ who 
was not only an outstanding? chemist but a remark- 

'Mciidcloyev Author of the Periodi**. Chissitication. 


able physicist as well, we may cite the names of P. 
N. Lebedev*', Stoletov*, and R. It. (lolitsiiP. Those 
three names are associated with important a<lvanees 
in pliysics, such as tlie pressure of liyht, the photo- 
effect and seismology. Rut usually the pre-Uevo- 
lutionary Russian scientists were isolated workers 
who did not leave behind them a seieFitifie school 
nr a tlefinite trend in seieiiee. Their own subjects 
of resenreli were, for the most part, borrowed from 
abroad as a result of work under some Freiieh or 
(lerman scientist. After he had worked for some 
time in a westeiwi seliool and carried out an invest i- 
f?ation falliiif? in the j?cneral trend of work of 
this school, the Russian scientist would turn it into 
a dissertation f(»r an M.A. dcj;ree. The further 
development t>r tliis theme would take I lie form 
of a dissertation for the doctor’s dej>:ree, while the 
foreijrn centre of the idea continued to exert its 
inlluenee upon him. No independent Russian 
school came into beiiif?. 

The only except ion was the remarkable seienti- 
lie school of P. N. licbedev at the Moscow Univer- 
sity. Rut in 1911 the piiliey of the T/arist 
(lovernment drove it out of th(‘ University and’ 
shortly after this V. N. Lebedev died. One part 
of this school, centered around P. P. Lazanw, 
passed to the Institute of Rio])hysies primarily 
destined for Lebedev. The other part reliirne<l 
10 the Moseow University imieh later. 

Matters stood eonsiilerably worse in Lenin- 
grad before the Revolution. The University was 
sterile. The absence of keen, creative tboufrht and 
the disheartening: system of examinations 
for the tiejrrcc repelled the most j?iftod 
of physicists (Oershun, Milkevich, Lebedinski). 
The scientific schools which developed 

* Lo]h*<U*v liOluMlcv ( mo.'I) \v:i» tlio firs! t(> iloiiKniHtrale 
oxjM'riincntally tho oxisUMU'i* (it' ttic PivsHiirt* of which 

wa.M first siispcctcMl in the Middle A^ch by Kcjdor, but was 
first prislic.tcd by Maxwell on exiierimental grounds about 
I.S70. 

^ Htoletov.- Stoh'tov carried out iinporlaiif researches on 
photo eh'c trie elfeet. 

M’rinep Piolifsin, along with Milne, Oinori (.fapnii) 
Weichert ((ferniaay), was one of the pionei'crs in the study 
of eurthfpinkes. His ‘ Elect roiiuignetic, Scusniograph ’ is still 
widely used. 
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ill Loninjjnid after the Itevolution arc offspriiigfs 
not of th« University but of foreign laboratories 
of Paris (Rojdestveiiski), Munich (JolTe) and 
(lottinpfen (Ilojaiiski). Just before the Revolu- 
tion at the rieninyfrad Polyt<*ehnie Institute a 
school of physicists had formed, which afterwards 
became the nucleus of Ihc Physieo-technical Insti- 
tute. (ireat influence over the younj< physicists 
of the last pre-Revolutionary years was exerted by 
P. S. Khrenfest,'^ who took the chair of theoretical 
Physics in Holland when he became aware of the 
impossibility of eontinuinfr his work in Russia. 
He became one of the best friends of the Soviet 
Union. 

Ihdore the Revolution the development of 
physics was confined almost exclusively to univer- 
sities and one or two technical colle^^es. The num- 
ber of <loctors of physics did not exceed 15. The 
total number of physicists enga^jed in scientific 
work was about 100, lint for the overwJielminj*; 
majority it was a collateral work alonj^ with their 
reyrular occupation, which was teaching:. Out- 
side the universities and technical eollet^es and 
except for the small laboratory of the Academy of 
Sciences, devoted to seismoloj^y, physicists were 
employed at the (Vntral Roard of WVijrhts ami 
Measures, of wliicli the physicist N. 0, Vey:orov 
was appointed director after Mendeleyev, and at 
the Ontral Physical Observatory. Rut the domain 
of their work (seisniolojry, measurements, meteoro- 
logy) was but partially related to the fundamental 
liroblems of physical research. 

Some of the works of Lebedev \s school and of 
several Leniny:rad ph.ysicists had considerable 
scientific interest. Rut the major part of the 
scientific production ditl not claim to enrich world 
science. It was distinctly provincial, descriptions 
of observations without theoretical interpretation, 
variants of foreifyn work, measurements of some 
constants or other, etc. The ** scientific work of 
the research students of the Leninfyrad University 

•' P. S. Klireiifost . 'Dicon'tiriil PtiysiciHt who till iiia*! was 
Professor of theoretical physics at Leiden in Ilnlland. lie, 
along with his wife, T. Khrenfest, who was Professor of 
Physics at Moscow, is the author of the Theory of Adiabatic 
Invariants. 
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consisted in reproducing the experiments published 
in the last issue of a foreign reveiw. 

But even the best works of the Russian physi- 
cists were disconnected investigations, which did 
not constitute a definite scientific line of research 
nor tlid they propose any more profound physical 
or technical jiroblems. It may be asserted that 
in prc-Rcvolut ionary Russia technical physics was 
well-nigh absent and there were no conditions for 
its condng into being. Imported from abroad 
ready-made, ineliiding even the woi-king-dra wings, 
Russian engineering never had nor , needed a 
.seientifie basis of its own. The university physics 
deemed degrading every contact with practice. 
The nnivei’sitios guarded jealously the purity 
of science and kept it away from engineering. 

Thus, in spite of the existence of several great 
scientists, Russian physics before the Revolution 
was one of the w'eakest and most backward detach- 
ments of world science. 

Physics was one of the first to feel the vivify- 
ing infliienee of the IVoletarian Revolution. .As 
early as 1918 the principal physical institutes were 
created in Leningrad, viz., the Physico-teehnical 
and the Optical Institute, which rallied all the 
living forces of the lieningra<l physicists. 

In 1919 the physieo-teclinical Taculty of tlie 
Polylechnical Institute was formed, which later 
gave the leading cadres of the physico technical 
institutes and several factory laboratories. The 
Soviet jdiysical in.slitntes rejected from the out 
set the fetish of pure science and lamnd up their 
work wdth the problems of technical progress. 
Ill 1920 they organized a physical association, 
which put forward the task of creating scieiililie 
centres in diirerent republics and provinces of tin* 
Union and was the first to attem])t to bring ele- 
ments of planning into scientific work. In 192:! 
was organizeil the Pliysico-teelinical laboratory ol 
the Supreme Kconomie Uouncil which later split 
up into the Institute of Klectrophysies, Technical 
Heat, Chemical Physics, Physico chemical ])ro 
blenis, Telemechanics, Television, ]\liisieal 
Acoustics and the Laboratory of electrutechnic'al 
materials. At the moment of becoming iudepen 
dent institutes each of them already possessed 
a trained staff and equipment, its own field ‘»1 
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work and well elaborated methods of researeh. 
The Uadiiiiii Institute issued from the Physieo- 
teehnieal Institute. 

Duriii**: the same time the Optieal Institute 
expanded and widened its seope, wliieh ineluded, 
besides physieal opties, the maniifaelure of opti- 
eal jflass, the manul'aeturinf*' of optieal instru- 
ments, jihotojiraphy, lij^htinj*’ teehnicpie ami the 
treatinj*: of surfaces. 

Moreover, there were foumled in laiiiin^rad tlie 
Central Radio Laboratory and tlie Institute of 
wire eomniunieations, the Hoard of Weij^hts and 
Measures was reeonstruete<l into tlie Institute of 
Meteorolof'y ami the Physieal Observatory into the 
Institute of (Jeophysies. 

Thus, besides the physieal laboratories of the 
universities and teelinieal eollejres (whieli liave 
"reatly increased in number and extent ) and 
some special laboratories, five bi*^ physieal insti- 
tutes and ten institutes of applied physics have 
been created in .Leninj»Tad durin”* the twenty 
years since the Oreat Proletarian Revolution. 

In Moscow the development took another 
eourse. Physics eontimuMl to be f'rouped around 
the two centres, the Institute of Hiotihysies and 
the l^hysieal Institute of the lIniNer.sity. Later 
physicists and groups of physicists bejian to enter 
tlie Indu.strial Institutes, of Llectrotechnics, 
A]iplied Heat, Api)lied Mineralogy etc. After the 
Academy of Sciences had been transferred to Mos- 
cow, the Physical Institute of the Academy began 
to develop, which concentrated the best workei-s 
of the ITniversity, some of the former collaborators 
of the liLstitute of P»iophysics and several Lenin- 
grad physicists. 

Uegiuning from 1929 new physical centres 
arose in the most im])ortant republics and provinces 
of the I'nion. Their leading cadres were supplied 
by the Leningrad Physico-tcch ideal Institute. 
Thus were ereated the physico-teehnical institutes 
at Kharkov, Tomsk, Dnejiropetrovsk, Sverdlovsk. 
Kach of them is an all-Union scientific centre in its 
own field : in low temperatures and high tensions 
(Kharkov), physics of metals (Sverdlov.sk), X-ray 
analysis of metals (Dnepropetrovsk). The new 


field of the atomic nucleus is dealt with chiefly by 
the Leningrad and Kharkov institutes, Init also by 
the Radium Institute and the Physical Institute of 
the Aca<lemy of Sciences. 

The other physical institutes founded during 
these twenty years are the Physical Institute of 
the Ukrainian Academy of Sciimces at Kiev, the 
Physico-technical Institute at (lorky and the 
Physical Institute of the Odessa, University. The 
ri.se of new .scientific centres in the republics and 
provinces of the Union is .still going on. 

The number of physici.sts have increased ten- 
fold in the.se years. More than 1,000 physicists 
not only parlicii)ate in scientific work but regard 
it as their basic occupation. Nearly all of them 
belong to the younger generation, whose active 
life began in the Soviet Ibdon. Of the |)hysi<*i.sts 
who have worked before the Revolution not more 
than 20 are still engaged in creative seientifie 
work. Some institutes consist entirely of physi- 
cists of the po.st-Revolutionary ])eriod (Kharkov, 
Sverdlovsk, 1 )nepropet rovsk ) . 

Ily the year 1930 the products of Soviet phy- 
sicists which were till then ])ul)lished in foreign 
journals increased to such an extent as to fill 25 
to 30% of the fundamental (Jerman revi(‘W, the 
Zeiischrifi fiir Tlnm the Soviid pliysieists 

started two journals in foreign languages, the 
Phyfsilfalische Zeltschrift der Sorvjeliinion at Kliarkov 
and Technical Physics of the USSR at Leningrad. 
These reviews concentrated more than 90% of the 
work carried on in the USSR ami won recognition 
abroad: in 1914-1935 the Kharkov journal was 
already among the most widely read physical 
journals. During the la.st years the rejxirts of the 
Academy of Sciences have become widespread, 
and the Transactions of tin* physical group 
of the Academy of Sciences have been constituted 
afresh. 

Soviet physics markedly differa from pre- 
Revolut ionary phy.sic.s not only as to the number 
of works and workers but al.so in (piality. The 
provincial subjects and methods are things of th<* 
l)ast. In not less than twenty prohlems of the 
greatest importance treated by world ])hysics the 
Soviet science hohls a prominent, sometimes even a 
pr e< 1 on i i n a n t posi t i oi i . 
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Special notice must be taken of the development 
of the numerous branches of applied physics, 
which did not exist at all before the llevoliition. 
The Journal of Technical Phjfsics is twice as Jarj^e as 
the Journal of General Physics, 

In place of the loose unconnected questions 
which were treated before the Revolution, we see 
a wide scope of jdiysical research. However, 
there are still blank spots in this field, particularly 
in the domain of applied physics where the {<aps 
fall on the most responsible scctioiLs, oil and coal, 
metallurfry, textile and paper industry, mining? and 
hydraulics. 

Durinf' the past 20 years Soviet physics has 
sometimes played a leading part in certain direc- 
tions. Thus it was in with the electric 

I)roperties, in 1924-192S with plasticity and 
strenjjth questions, in 1920-1924 with Sej^nelte- 
Klectricity, in 1925-1922 with anomalous disper- 
sion, in 192S-192r) with the kinetics of chain reac- 
tions, and since 1920 with non-linear oscillations, 
One of the most outstandinj? discoveries of this 
period, the llama n-efi’cct, was observed in the 
USSR l)y Mandelstam ami Landsber^ several 
months before Raman.^ 

In a number of articles a survey will be j^iven 
of the most important results achieved by Soviet 
physics in the course of these twenty years. The 
followin^^ branches of technical physics created in 
the rSSR within this perio<l may be named. 

1. Ojilical technique, calculation and desij?n 

of optical instruments. 

2. Lij^hting technique, calculation of lif»:hting. 

2. The photographical process. 

4. Spectral analysis in geology and metal- 

lurgy. 

5. X-ray analysis of metals and alloys. 

6. Klectrical insulation. 

*Tho coiiaeiisuB of the world-opinion is however in favour 
of C. V. Raman as the prior diseoverer. Aeademieian Jolfe 
may be excu-sed for his patriotie feeling in claiming the 
di.Meovery for his own <*ounf ryineii. However in another 
plae(*, .lolTi' aeeords the priority to Raman. 


7. Production of optical glass. 

8. Electrical prospecting and seismology. 

9. Crystalline structure of metals and alloys 

in connection with thermal treatment. 

10. Television and telemechanics. 

11. Application of low temperatures to the 

separation of gases. 

12. Radio teehnique and vacuum technique. 

13. Solid atul gaseous current rectifiers. 

14. Solid and vacuum photocells. 

15. High-tension technique. 

Ifi. Agrophysics. 

17. Heat engineering. 

18. Musical acoustics. 

19. Surface treatment. 

20. (..'hemical industries. 

However, the technical physies created after 
the Revolution has not yet allaiucd a sufficient 
development and cannot fulfil the requirements of 
the rapidly growing industry. 

Soviet physics has thoroughly outstripped the. 
scientific front and has lost its provincial 
character. In some fields (non-linear oscillations, 
chain reactions) Soviet science plays a leading role. 
Ill many other domains the Soviet sciciilisls are 
in the front ranks of modern physi(\s. There are 
also original branches of technical physics (chemi- 
cal polishing, agrophysics) created in the USSR. 
Of the discoveries which have revolutionized 
science, the spliUiug of the atomic nucleus, wavc- 
mcclianics, the discovery of the neutron and tin* 
positron, the diffraction of electrons and electro- 
nic optics, the Raman elfcet, the last was simultane- 
ously discovered in the USSR. 

Summing up the present state of Soviet physies 
we must acknowledge, in spite of its achievements, 
that it falls behind our industry, which in a number 
of branches has already occupied the first places. 

The glorious task now set before physics is to 
overtake our rapidly growing industry and, l<e 
gather with industry, to surpass the other advanc- 
ed countries. The exceptionally favourable condi- 
tions of our socialist country ensure the practi- 
cal possibility of great scientific achievements and 
the profound penetration of science into life. 
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Our Museums — A Plea for an Ethnographic Section 

D. N. Majumdar 

liCL'tuw ill AntlmiiKiUiurjr, iln* rnivi'Mily, Lurknow. 


There fire in India today 105 ninsouins, no less 
than 57 of which are directly administered and 
financed by the (lovernment of India or by Pro- 
vincial (loverunients. Most of these museums 
devote themselves entirely to archaeolof^ical and 
historical collections. There are a few, however, 
which exhibit elhnoR;rapliical, zoolotjical or {^eolo- 
^ical specimens, but there is little doubt that in 
India there is a systematic bias in favour of 
a rch aeol of^i cal jii a t erials. 

The functions of museums are usually 
collection, preservation and chemical treatment 
of suitable exhibits, their arranjfement and 
interpretfilion ami also provision for educa- 
tional facilities and research. Students of 
history, archaeology and jinthropolojyy have long 
realize<l the important role of museums in their 
curricula. Any course in pre-historic archaeo- 
logy, ethnography and technology must necessari- 
ly be based on a first-hand knowledge of 
specimen.s in museums. Yet museums in India 
play 21 limited role for the following re 2 isons, viz., 
(I) the phenomenal illiteracy of the iiuisses, (2) 
the nature of museum collections, which appcfil 
only to a particular section of the intelligentsui, 

(3) inefliciefit handling of the specimens, 

(4) absence of any arrangement in the museums 
to explain and interpret the collections to laymen, 
and lastly (5) a certain show of officialdom in 
our museums. The museum experts sent by the 
C 2 irnegic Corporation of New York, who toured 
India to inspect Indian museuiiLs, recently em- 
phasized in their report the need of appointing 
efficient curators and made several other important 
recommendations.' Hut uidess we tackle the 
whole (luestion of museum 2 idministration and 
evolve a museum policy for the country, no 

' Report of the Museum (tamitfee appointed by the 
Carnegie Corporation of New York, 1937. 


piecemeal arrangement will solve the problem of 
museum organization and control. 

In 21 recent lecture before the Iloyiil Society 
of Arts (see Nature, Dee., 25, p. IIOS, and al.so of 
•Jan., 20, I03S, p. 177) Mr •!. d»* La V 2 dette explain- 
ed how far museums of Holland are promoting 
the study of the native cultures of the Dutch 
pos.sessions in Indonesia, and how they aim to 
make familiar to the Dutch people the conditions 
of mitive life in these remote pai'ts of the world, 
for the administration of which they themselves 
are finally responsible. The need of an ethno- 
gr2iphical museum for the Hritish Isles has long 
been felt and many distinguished scholars and 
2 idministr 2 itors have urged the est 2 iblishment of 
an Imperial Bureau of Anthropology or an 
Imperial lilthnographieal Museum as the best 
meiins of promoting an educated interest among 
the general public in the cultures of the peoples 
itdiabiling the dominions and colonies. In an 
editorial note on the subject of ethnographical 
museums, Nature publishes the following f-* 

On the groi]n«i.s of puhlit' policy, tin* forimiliuii of a 
Musouiii of Indian )ilV ami t'liltun* cannot be too .strongly 
iirgiMl, Now tlia! the bonds of Empire have become tenuous 
indeed, we liold India by a thread. Hut impalpable bonds, 
as has Insm shoun by the visit c»f the Hriti.sh Assoeiatiuii 
delegation to the ,liibilee Meeting of the Indian Seieiiee 
(\mgreh» Association this montii, can be made stronger than 
any material force. To the. degree in which our future 
policy towards India is rooted in an understanding of Indian 
aspirations on the j)art of the Hritish i>eople, the greater 
the strength of the bonds that will hold this great country 
within the Empire. A gresit Indian (hiltnrnl Museniii would 
certainly coiitrilaite tlie major part to such an understand- 
ing. It would show tiuit, wliatever tlie dilfereiices between 
the two iM‘oples may be, to linlia belongs a civilization older 
than our own, wliich in art and intellectual accomplishment 
has be<»n in no way our inferior, while in Hiiddhisin it. has 
produced a creed whicli more nearly than any other in the 
worhi’s history approach(‘s the way of life ineuleated by 
Christianity.’^ 

Nature, .January 29, 1938, pp. 177-79. 
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II' the foniiation ot' a Museum ot' Indian life 
and culture is so desirable for Knj^larid, its im- 
l)ortance to Indian life and culture cannot be 
exaj^j»:erated. At no part of India’s chequered 
history has there be<*n a j»reatei* need to under- 
stand the cultures of the innumerable tribes and 
castes that constitute the nascent Indian nation. 
Vet there is hardly any attempt made by the 
authorities eoncernod to p»)])ularize knowledge of 
the dift'ereiit levels of culture existing in India. 
In other countries the value of a representative 
collection has been fully recognized, but in pro- 
portion as the value is being appreciated at its 
true worth, the material for ethnographical study 
is diminishing, in many cases native lieliefs and 
institutions have alreatly become obsolete. In 
India where data about primitive life are still 
abundant, no systematic efforts haVe been made 
to collect and exhibit even the material aspects of 
l)rimitive life. Technological specimens (d* huliau 
tribes and castes have been taken to all parts of 
the world and have formed important collections 
in foreign museums. The India Museum in South 
Kensington, London, exhibits the iinlnstrial arts 
of India and the ethnography of the primitive 
tribes of India is suitably displayed in the British 
Museum. But seldom do we find any important 
museum in India doing this except two or three 
that possess a heterogeneous collection, devoting 
one scpiare foot of the lloor area to the display 
of sucli stulT. 

Human handiernrt through the ages has form- 
ed an important souree of inventions in all parts 
of the world and it is rarely that we find any 
attempt in our museums to demonstrate the 
stages which the different tools ami machines 
have passed through. The War Museum in 
(lermaiiy is doing for the (lermans what a dozen 
military schools may fail to achieve. The Art 
(Jalleries in Berlin, V^ienna and J’aris have inspir- 
ed thousands of artists. The ethnographic section 
of the Deutsches Museum has determined the 
activities of hundreds of explorers and colonists. 
Many of the specimens in the ethnograi)hical 
collections of the British Museum are connected 
with British enterprise and exploration. The 
voyages of (\>ok, V'ancouver and others ineluding 
the explorers who took part in the search fur 


Franklin are represented in the Museum and the 
magnificent collection of the London Missionary 
Society now shown in the Pae.ifie Section illustra- 
tes another phase of British enterprise among 
unknown and little known peoples, which every 
man in the British Isles takes legitimate p?‘ide in.'* 

India is said to be an epitome of tlie world, 
and so it is. Wc have in India hundreds of 
different racial and cultural groups. We differ 
in language, race, culture and in our food, habits 
and temperament, but we have not cared to ac- 
quaint our ])eople with those facts of vital import- 
ance. Most of our political troubles within the 
country are traceable to ignorance, ignorance of 
llio communities about their respective cultures. 
A knowledge of the culture patteriis of the im- 
portant communities will certainly help to develop 
a spirit of toleration ami goodwill which will 
minimize the communal tension ami may even 
eradicate the virus from the liody politic. And 
this is possible through a study not only of the 
material aspects of life, hut also of the social 
institutions of the people. Human life is made 
up of parts, just like the parts of an interloekeil 
machinery. Bach part is of no us(‘ by itself; it 
can do nothing c.xcept to assist the whohi to func 
tion. The whole again is ?iot merely the sum of 
all its parts hut the result of a uni(iue arrange- 
ment and interrelation of the parts that has 
brought about a new entity, 'fhe best way to see 
life is to see it as a whole. The different aspects 
of life of the people, therefore, should he stutiied 
together with their intei'relation. In his lecture 
before the Itoyal ^3ueiety of Arts, already refern'd 
to, Mr V'alelte pointed out how in their method 
of approach to tin* ])ro])lcm of the arrangemeiil 
ami organization of an ethnographical museum 
demonstrating the mode of life of their depemlen 
cics, the Dutch are in harmony with the modern 
tendency towards a humanism in uHthropoIogical 
studies, in which the various disciplines of tlM‘ 
study of man, ethnology, physical anthropology, 
archaeology, history and the like, set apart for 
academic purposes in the past, are once brought 
together and focussed on the study of a single 
integrated group of culture. Man, liis works and 
his environment arc thus studied as a single ami 

* Uandbook to the Ethnofjraphical Collections, British 
Museum, p. ft. ^ 
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iiiiifiod whole and not in water-tight eompart- 
iiients.* 

The study of the iiiaterial and mui-inaterial 
aspects of the cultures of the different racial and 
cultural groups in India will ecpiip the Indian 
student with a knowledge of the j)riiiiary and 
fundamental facts of life, and, as such, will provide 
a l)roader basis for mutual understanding and ad- 
justment without which a healthy development of 
the political institutions will be difficult to achieve. 
It is, therefore, necessary in the interests of social 
harmony and communal concord to e(|uip our 
museums with an ethnographic section which will 
be readily accessible to the students of universities 
and colleges so that they may aetpiire the neces- 
sary inforjiiation about the people of the comitry 
and their habits, customs, and institutions. 

The researches of a great many scientists, which 
have enriche<l our knowledge of human life and 
institutiems, were begun in tin* museums of their 
res])ective countries. Sir K. 1>. Tylor examine<l the 
material in the collections of Pitt-irivers and others, 
and developed his famous thesis on the origin of 
(ire-making in which he showed that man first 
kindled fire by simple wood-friction, passed 
through several successive steps in <‘laborating the 
fire drill, and later <liscovere<l the use of flint and 
ij’on pyrites, finally cMiding with the friction 
match.’’ This and many similar investigations 
could be undertaken from a study of museum 
collections. 

iMu.seums, as we all know, started from the 
cabinets of curio hunters. Man has a weakness f«)r 
curios, and explorers, trav<'llers ami missionaries 
began t») collect curious obj(‘cts from strange lands. 
The iliscovery of new lamls nuule it possible to 
collect objects made by savage and semi-savage 
peoples. The scientific value of these objects was 
realized as late as the middle of the nineteenth 
century. Pitt Rivers, one of the pioneers of the 
museum movement, entercfi u]»on the collection and 
study of the obj(‘cts made by living man on the 
theory that their genesis or development would be 
read in the objects themselves, just as structure in 

* Niiturf , .Innuary IJik pp. I77-7!1. 

MUark Wissler— 1o Social Anlhroiwlotjii, 
pp. 280-289. 


the bodies of animals and plants is taken as the 
evulenee for their evolution.'* If the story could be 
read in the objects themselves, then it was aj)parent 
that the study of the objects was an important line 
of investigation for the solution of the vex(‘d pro- 
blems of origin and flevelopment of s])ecimens of 
human handicraft and their spread and diff’usion. 

Next to Pitt-Rivers, (). T. Mason did a lot for 
the development of modern museums. Mason was 
very much interested in the geographical distribu- 
tion of material objects of human handicraft, lie 
arranged his specimens in a tribal and geographical 
setting and through the arrangtmient .sought to 
di.scover from his collections the origin of techno- 
logical proce.s.ses. His exhaustive work on baskel- 
ly, ba.sed on the coll(*ctions in the Pnitejl States 
.National Mu.seum at Washington, remains a classic 
even to this day.’ 

Very few of the Indian musi'ums pos.sess 
adequate material for such investigations and tho.se 
that posse.ss a nucleus are not organized on .scitmti- 
lie lines. Mu.seums are important; they are not 
curio-shops; they Inive an im|)ortaiit role t(» fuHil 
in the national life of the country, and the sooner 
we realize this the better it is for our country. 
Museums are not ‘ Jadughars.’ They should i)n)- 
vi<le facilities for .students (»f culture to pursu<* 
their lines of investigation. Mu.seums are research 
institutions and should md be reduced to mm't* 
purchasers of the curios offered to them by iin- 
sciontilic collectors. We need a mu.seum policy 
for our country. We need substantial grants from 
the provincial exeheciuers towards their mainte- 
nance and expansion, and we n(‘ed “ men of 
acknowleilged integrity and bsir ng, who |)o.sses.s 
an (mthusiasm for mu.seinns am are ])repar(sl to 
giv«! lime to understanding odeiai museum 
practice ”.** Above all, we in‘ed e<l hands who 
can make the collections tell their tale. Tnh^ss we 
have all these, mu.seums are not expected to play 
.any significant role in the edm*ation of the people 
iVn* whom they shoubl primarily exist. 

Now that we have popular (Jovernment ifi nmsi 
of the Provinces, may we not ho])e to gel a lead 
fr(»m the (hivernment of the day? 

* I hill, ’ Mn.M()n — Oriffin of Inrt.shovs. 

" Ueport of flio MuHtMiiii (’oiiiniitliM? appoinUMt by llifi 
Ciirnegic Corporiition of New York, Ui'M. 
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Symposium on India’s Power Supply 


At the Annual Moetiiif? of the* National Academy 
of Sciences, Fndia, hold on March 5, 1938, 
a syniposinin was arrantiod on the sul).iect of 
India's I'ower Supply. Anions the participants in 
the discussion were ]*rofessor Meifhnad Saha 
(Allahalmd University), Prof. B. U. Chatterji and 
Prof. N. N. (lodbole (lieiiares Hindu University). 
Prof. N. U. Uhatterji (Uawnpore), Prof. \^. P. 
Adarkar, Dr (!. R. Tosliniwal and Dr A. N. Tandon 
(Allahabad Univei'sil^'). There was a select 
i^atherin*^ of scientists and others. Pandit 
.Jawaharlal Nehru presided. 

In openin{5 the discussion, Prof. M. N. Saha 
said that one of the objects of the National 
Academy of Science.s was to orjyanizc discussions 
on subjects of ^^reat national importance. He 
continued: No subject could, at the present 
moment, be of f>:reater importance than that of 
cheap and abundant power supply, for the whole 
indu.strial efficiency of a nation depends upon it. 
In former times, man depended eiitirely upon his 
own muscles for work, or upon that of his slaves 
or animals lik(‘ horses, bullocks, asses and 
elei)hants. Forces of nature like those of wind, 
running water, etc., were al.so u.sed, but in a very 
ineffleicnt way diirinj? ancient and mediaeval times. 
Hut the whole aspect ehaiif^ed with the discovery 
of the steam enj^ine, with the use of electricity, and 
with the discovery of oil eiiffines in the last 
century. 

There are countries in the world, which have 
completely harne.ssed all their power resources, 
e.g., Norway, U.S.A., WiiKland and Oermany. 
There are others who are half way towards it — e.g.f 
Russia. There are others who are still depemhmt 
on a mediaeval economy, e.g., India, Uhina, 
Abyssinia. 

The efficiency of a nation aceordinf? to modern 
standards can be measured mathematically. In an 
advanced country like Norway, the total output of 
work per head is nearly 1,800 units mostly derived 


from the harne.ssinj» of» her rivers and falls. In 
countries like F]nf?land and (Icrmany, the power 
for work is derived from coal, but the output every- 
where per capita is probably pretty nearly the 
sarne. One can contrast with it the output of work 
per head in India. It cannot exceed 90 units, of 
which about 60 is from human labour, 10 from 
animal power, and 20 from steam and electrical 
power combined. This explains why India is poor, 
for her output of wiirk per head is twenty times 
less than that of an a<lvaneed country. Jf India is 
to solve her problems of ])overty and um‘mploy- 
ment, she must orf^anizc her power resources on a 
cheap and efficient basis, and brinf»’ it to the level 
of Uurope, America and Japan. 

Tl»e nearest example to Imlia in industrial in- 
efficiency is found in tliat of China which is now 
payiiif^ the penalty of her lack of orj^anization. 
Another country was pre-War Russia, which, like 
India, was a country of pea.sants (707„), an<l 
villages. Her output of work per capita in 1912 
was almost the same as that of present-day India. 
Vet by means of a llereulean elTort dnriii;»‘ the 
last fifteen years, Russia has or«:ani/.ed her power 
rc.soiirces so thoroughly that she can now show 
about 500-600 units of electrical energy alone per 
bea<l. This has enabled her to be transforimd 
from a country of half-starved jieasanis living in 
mi.serable hovels to one of the most (‘ffici(‘nt 
industrial nations of present times. Russia, having 
started lat(‘, achieved within fifteen years what 
other nations took more than half a century to 
accomplish. 

Hut has the coui’se been smooth in (»ther 
eouiuries based on a capitalistic economy ? No. Kven 
in p]ngland and Ueriiiaiiy and U. S. A., countries 
which were pioneers in the development of the 
leehni(iue for power, long conflicts liad to be waged 
between the people and the capitalists, before a 
smooth (suirsc was found. Without going into 
details of this conflict, the main results may b(‘ 
given. In every country, it has been recognized 
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that the power resources, namely co«l, runniii}? 
water, petrol, and other forms of fuel like power 
alcohol, wood, peat, aiid shale, should he rep:arded 
as national assets. Strin^rent rules are framed for 
the conservation, development, and proper vvorkinjj: 
of these resources. It is further reeo{»nized that 
development of cheap and abundant power is a 
prime duty of the State, and power, like water or 
air, should not be allowed to become a commodity 
for profit, or exploitation by any particular f»:roup. 
The machinery which has been set up to secure 
this end is rather complicated, but if details are 
avoided, it can be described in simple tonus. 

M) There must be a Power Supfily Depart- 
nionl whose duty would be to make a 
systematic survey of the available 
sources of power, -coal, petrol, run- 
ning: water, etc. -existinjr within the 
bounds of the State. It must devise 
ways and means for their development 
on economically sound lines; 

(2) The State should frame beneficent 
lea:isla1ion which will eneouraj^e a 
cheap and abundant supply, and pre- 
vent the public from beinj^ exploited 
by capitalists; 

(.*1) The State must train up a hatch of 
indijjfonous technicians who can plan 
and carry out schemes of technical 
construction, maintenance and im- 
provement. No State can depend for 
such work upon technicians imported 
from foreign countries. 

It is estimated that taking: India as a whole, 
only 2 per cent of her hy<hM)-electvic imwer has 
been developed. How has Japan develo])e<l over 
80% ? No other fij^ures serve as better index of 
our backwardness and of the inefficiency of the 
State. If the available resources are ade(|uately 
developed, the Indian output of efierj»:y can easily 
approach that of Japan, ami India can easily 
approach Japan in industrial efficiency. 

At present, the conditions of power supply in 
India are almost the same as they were in Kn^^land 
nearly quarter of a century a^o. In fact, the 


Indian KIcctricily Act of 1910 has not been mbdi-r 
fled on any essential point, while in Knglaiid, 
rcvolutiomtrjf changis in clcciriciii/ laws irere 
introduced as a result of the report of the Weir 
Committee in 1927 and other eommitloes. 

Aeeordinj*: to the present Aet, private companies 
are jrranted lictuice for j»encration and sni)ply of 
electricity; there is harclly any safcjrnard against 
exploitation. Thus, thouf'li, now owinf»' to techni- 
cal efficiency of new machinery, one ton of coal 
produces nearly four times as much electricity as 
it used to do* 25 years a^:o, ami transmission losses 
have been redueetl to a minijiium, the rates have not 
umlerj^one correspmidinj^ re<luction. An exaiiiple 
may he tpioted: — the Calcutta Klcctric Supply Co., 
of which Lord Mcslon is the (’hairmaii, produces 
electricity at a cost of .Jf) anna accordiri^^ to the 
Electrical Times. They eharj*e 2 annas per unit 
for domestic pnr])oscs. The chartres arc nearly H 
tiiiH's hifrlnu* lluni the cost of production. An 
analysis of the fijrurcs for the Ln^lish su])ply 
companies sliows that nowhere is the ratio more 
than 2 or 2. The heroic fijfht put up hy the Cal- 
cutta Corporation ajrainst the exploitation by Ibe 
Calcutta Khrtric Supply Corporation has been 
rendered abortive owinji* to the reaelionary attitude 
of the Len^al (lovernme»it. 

Tlie Government’s Failures 

Like many other States, the Imlian Provincial 
(Jovernments have sonu‘limcs vciitnrcd «m- State 
enterprise for electrification. Wv may cite, as the 
best known examine, the Mnmli Sebeme in the 
Punjab and the Western (lanjrcs llyiiro-clectric 
Scheme in the V. P. Put the results <»htained so 
far have heeq rather discoiiraj^inj*'. The Mumli 
Scheme in th(‘ Punjab, wliich was launched under 
Covernment initiative ajrainsf the almost unanim- 
ous opposition of the people ^s represeiitativi‘s, 
cost nearly Ks J,()00/- per kilowatt installed; this 
holds the world’s I’cconI for dearness, and is about 
10 times dearer than the avcra‘!:e cost of installa- 
tion of plants of this size in Kuropc and America. 
The western Canj^es Hydro-electric Scheme which 
appears t*) have caiif»:ht the imaj^ination of a. larj^c 
majority of our countrymen cost Its 1,200/- per 
kilowatt installed. This holds the second hi{?hest 
record for doarnoss, and yet such a project has 
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boon hailod as a groat work by a soot ion oC our 
oountrynioii. 

In tho Mundi Sohoiiio, noarly b croros of riipoos 
W(*ro wasted bo ror<^ it was disoovorod that the 
river from whi(*h power was to be tapped almost 
ran dry during the hot season. 

If a small part of this money was spent on 
adefpiate surveys, and proliminary laboratory 
resoarehos, probably the tlovernment would have 
reeeived a handsome return on their* investment, 
most part of whieh has iiow to be written off as 
\mproduetive. 

An analysis of the eauses of failure of these 
undertakings shows that 

(1) they were, undertaken without a proper 

survey of the existing s'oureos of hydro- 
eleet rie p(»wei* ; 

(2) the el(‘etrieity develope<i has not been 

distribute<l aeeording tv) sound eeono- 
jiiie prineiples; 

(d) the umlertakings were mostly in charge 
of officials who w(‘ro amateurs in the 
seienee of electricity and no steps were 
taken to train a band of indigeiu»ns 
teehnieians for the work, and its 
continuation. 

Prof. N. N. tfodbolc speaking on “ Hleetric 
Power Supply in Japan ” said: 

The enormous progress of Ja])anese el<*etrieity 
indnstry can be seen from the following figures. 
'Phe total number of towns, cities and villages is 
1 1, (UK) and of the.se a little less than ll.JbO (t.e„ 
more tliaii 97.9%) are electrified. These are 
hamlets far out of the way and some in far-away 
isla?ids. Out of the l2.r)00,()(K) residential bouses 
and industrial buihlings of Japan, at the end of 
19JJ, 11,400,000 households were elect rifled. This 
makes a percentage of 91%. Even in America, 
with the largest t)f electric power production in 
the world nearly 2;V% households are without 
electric lights. The Japanese houses being made 
of wood and tin* congestion bei5»g great the electric 
connections and fittings are easy to make, more 
so because copper wires and insulators are entirely 


home-made aiid are very cheap. The number of 
electric bulbs in use at the end of 19J4 amounted 
to 4 crorcs i.e., 59 bulbs for every 100 of the 
population. The iuiml)er of miles of railways 
worked with electriiuty were only 70 in the year 
190J whereas in 1931, they were more than, 3,700 
miles. The mileage under electric tramwfiys in 
1934 exceeded l,fi0() miles. The municipalities in 
many eases make it compulsory for every house to 
fix up and pay for one bull) outside the bouse 
which serves as a street lamp and the charge per 
month for this one hull) ranges between sens 50 to 
60 (i.e., in Indian money hetween As. 7 to 8). 

The total hydro-electric reserves of .Japan 
have got a capacity of 14,500, ()()() \\V, annually 
of which today only 5,4(X).000 II. are already 
harnessed. In the year 193)1, the total consump- 
tion amounted to 18 billion (18,000,000,000) K.W. 
II. of which 4 billion K.W.H. (23%) were usc<l for 
electric lighting and 11 billion K.W.H. (67'^'J 
were used for niotive power. Nearly 90% of this 
today comes from hy<lro (4eclri(* power and the 
rest from coal, the latter Ixung usetl to make up 
the deficiency of the hydro (‘lectric power in 
winter, when tho fiow of wattu* falls short of the 
need for supply. In 19)14, the total authorized 
capital invested in tin* elect rieily industry 
amountcfl to 4,910,000,000 and the paid up 
capital was V. 3,956.000, 000. 

Japan began by using coal as a source for the 
pow<T for lighting pnr])oses in 188.5 ami the first 
hydro electric scheme was taken up at Lake IViwa 
— near Kyoto 1892. Today the indnstry has 
grown enormously and the whole power is centnMl 
in a group of five big etniipaiiies — known as tlic 
“ Big Kive.*^ In all, there arc ahoni 818 enlrr 
prises controlling small and large plants amonnl- 
ing to 7,115 and of these 114 are municipalities in 
urban and rural districts producing power Ibi’ 
lighting homes and running their own tramways. 
xVearly 90% of the factories arid home-i?i<lnstries 
use electricity for driving the luachines. The 
jtcr capita consumption of Japan amounted to 
310 K.W.H. in 1934 and it has gone up since then. 
In 19)13, out of the total income of V. 921,000,000, 
Y. 277,000,000 was realize<l by supplyiiig powci- 
for lights. Tho electro-cbemieal imlustries ami 
other heavy industries generate their own power. 
The cost ranges from 0.6 son (1 pie) per 
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unit for largor fnrtorios to 6 sons (.‘? pico) per unit 
for (louipstio in T(»kyo. 

The “ Five ” are controlled by a special 
Minister, who was appointed in 19112, and in 19.37 
new Icf^islation was beinj; introduccjl by the 
Hirota cabinet, which aimed at a complete State 
control ‘over the nation’s power supply. In 
December last, a reduction of about b sens per 
bulb was made for the street lights. 

Professor U. D. Dhatterji. Vice-Principal, Huj^i- 
noerinj»’ (’ollet»e, Denares, speakin**’ on “ The 
Kxistin^ methods of MIectric Supply in India ” 
said: — Klectricity with the progress of science 
has been a primary c<mimodity, ami as such it 
must be available to the poorest of our country- 
men at the most distant corners of our villaf*:es. 
It must be consistent with economy and safety 
which has been both neglected and which can be 
done only when it is nationalized or brouj^ht under 
State control. The l•eason beiim’ that the monopoly 
— althouj^h not allowed by law Imt maintained 
by procedure is in the hands of a few foreijrn 
companies whose interests are slronyly safepiuard- 
e<l aH:ainst the welfare of the country in spite of 
the provisions of the Klectricity Act Part 11 Sec- 
tion 3, pa^^e I lit) (iM cares) which lays down: - 

“ 'riu* j;nmt of licenso uioler this pjirl. for any jjiirposc 
shall not in any way liiridor or restrict the j^raiit of a liecnsi* 
to another person witliin the same an‘a of supply for a 
like purpose. 

Still the llon’ble Mr. Plunt said “ No ” in 
reply to the followiim <luestion in the V. P. 
Lejrislative (\)uncil : 

I.S the (loverninent prepared to j^ive license also to other 
companies wishing; to supply electric lij;ht and p<fwer at 
Benares at a lumdi lower rate than tlie i)n*sent (Uie and use 
lower and safer voltage?.” 

The problems of electrical power sui)ply may be 
mainly divided into three parts and arc considered 
accordinj*ly. 

(lencration including types of Prime Movers 
atul the kind of fuel : the system of supply, 
i.e., Direct Current or Alternatinj; Current. This 
further involves the question of frequency, vol- 
tajjc, and the cost of production, (^oal is almost 
the universal fuel in most parts of the world as 
also in our country. Tlic main ditliculty has been 


the (luestion of transport -a ton of coal at the pit 
head may cost rupees three or less, hut the eo.st 
of transport, say at Pena res, increases it to rnj)ees 
fourteen. The railway iVeij^ht is itself Its l)/2/- 
and often the wagons are restricted. The railway 
freijrht must he reduced if the industry of our 
country is to develoj) and tin* electrical umhn*- 
takinjy to be run on economical lines. The next 
important source of eiier^'y is rain water or 
“ white coal.” 

With the projyress of our count ry attention 
has been drawn to the waste of power of the vast, 
quantity of rain wat(‘r or of the rnnninj*: wat<‘r of 
the rivers tlowiim’ Ihroui^hont the country. The 
eneimy obtained from these soinves is tlawlcss, 
no smoke nuisance, no eonfinemenl in tlie depths 
<»t the mines. In the Western (Jhats the rain watei* 
is .stored up in reservoirs and the bij'j'est hydro- 
electric schemes are developed -man-made — but at 
Xaini 'Pal the lake supplies the water and is made 
by nature. At Shiva.samiidram nature lias been 
helpeil by man and a fail has been develoi)ed (by 
the Krishna Raja Sajiar Dam), lint oiir resources 
of waterpower have yet been very little tapped. 
At the same time the simple method of eapitaliziim’ 
the waste enerj^y of streams is not necessarily 
identical with the (levelo])ment of waterpower. 
The hazards involved in both the const met ion of 
such projierties anti in the eontiny^eneies of oj)era" 
tion ami maintenams' are considm’ahle. Tlitu'c 
must b(* a market in which the power may be 
utilized with advaTdaj»e and the price at which 
it can be sold in eonqndition with other sources of 
power. This ideal has not been realized in the 
(laii»:es Hydro-electric Scheme which j)roduccs a 
unit for 0.H7 anna and at the ex])ense of enormous 
public money. The liydel is further bein**: supple- 
mented by a steam plant at (Miaiidousi ut‘ about 
9U00 K.W, besid(‘s other additional plants else- 
where, whereas the Kashmir scheme which is a very 
small umlertakinji: costs 2.7) pies |)er unit ami even 
.steam i)lants as at (’awii])«>re eo.st 0.35 anna to 
0.45 anna a unit, if the hydro-electric .schemes 
are fully developed in all the provinces within 
reasonable cost and the steam stations in tlie coal 
area are carefully undertaken they may be inter- 
linked and it will lie (piite possible to take electri- 
city at the door of the poon‘st cd’ our countrymen 
and ill any corner of our country. I earnestly 
hope that this may be done at no distant future 
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under the guidance ot* the Indian National 
Congress. 

Dr N. C. Chatterji of the H. B. Technological 
Jristitutc, Cawnpore, speaking on “ Power 
Alcohol/^ said: — 

The total annual prodindion of molasses from 
the cane factories of India may be taken as 4^0,000 
tons, so that the estimated annual surplus, after 
meeting the existing demands within the country 
put down at 17o,0U0 Ions, may be put at 275,000 
tons. If the whole of this surplus molasses were 
converted into power alcohol, the available 
quantity of the latter - at 00 gallons per ton of 
molasses — would be .10,500,000 gallons. The pre- 
sent annual consumption ot' petrol in India is 
about 05 million gallons, so that on a 20:80 
alcohol-petrol mixture basis, the requirement of 
power alcohol to make the mixed fuel would l)e 
19 million gallons in otlnu' words, a little more 
than the estimated produetitui from .surplus 
mola.s.ses. 

Uegarding the cost ot' pnxluction, it has now 
been amply demonstrated that in an efficient 
distillery this would be between annas five and 
annas five and a half per gallon, which is almost 
exactly the c.i.f. price of Burma petrol at the 
Indian port. 

Apart from the use of alcohol in the mixed 
fuel, there is also considerable potential field for 
its use by itscll' in special alcohol engines and 
small power gi*neratoi*s. Jt is therefore a matter 
for careful consideration to find out how far it 
woid<l be ecoiiomically and coitimercially justified 
to draw up a scheme for the utilization of hydro- 
electric power in Western U. P. for electro-chemi- 
cal industrie.s, near the generating stations, leav- 
ing power supply to di.stant small consuming 
centres to alcohol engines, it is estimated that 
with alcohol at aiiiuus .six per gallon, the cost of 
power from alcohol engines would be within 
per K.W.H. 

Professor Adarkar speaking on ‘‘ The Need for 
Beneficent Legislation to ensure a Cheap Supply 
of Electricity in India said: — 

In view of what the previous speakers have 
.sai<l, the qin'otion ari.se.s as to what i.s to be done 
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exactly to bring about a speedy reform in the 
conditions of power supply in India. The chief 
aims of national electrieity policy, as may be .seen 
from experience in foreign count rie.s, are generally 
as follows: (1) To protect consumers from the 
monopolistic exploitation in rates and from discri- 
mination with regard to the quality and steadiness 
of supply; (2) to ensure a steady and adequate 
supply of electricity to indu.strial concerns, by 
integration of produet ion and distribution — u 
juirt of a progre.s.sive policy of industrialization, 
as in the case of the English (Jrid System, or the 
integrated system of (leriiiauy; (.3) to utilize and 
exploit the power of natural resources for the 
sake of the country’s wealth, .so as to reduce the 
cost of production to the minimum possible, and 
to conserve the national power resources, as in 
the Tcnncs.scc Valley Admini.stration, the Boulder 
Dam in the L’niled States and in the Speieherwerk 
in (lermany, (in this respect, hydro is likely to 
prove more serviceable than thermal generation, 
for hydro power depends upon inexhauslible 
water resources provided by Nature) ; (4) to inllu- 
ence the busine.s.s eireles and solve the prolilem of 
unemployment, as we witness President lioo.se- 
volt’s drive in America to abolish destitution and 
to raise .standards of life, under the l*ublic Utility 
Holding Law; and (5) to eiliploy electricity 
re.sour(:es as part of the oeonomie policy of 
autarchy, implying military aims. 

What is the position in India? In India not 
only is electrieity production at a very low level, 
but tin* consumers are being systematically 
exploited by the monopoli.st companies, mainly of 
foreign incorporation or ownership. There are 
at present tln*eo main types of producers: (loveru- 
ment or State projects, such as the IT. P. (binges 
Seheuie, the Punjab (lovernment’s Mundi Scheme, 
tlu Mysore (jo vern merit’s Shiva.sumudi‘am and 
Madras (iovernment’s Pykara Schemes, and the 
various projected schemes under construction; the 
great joint-stock concerns like the Tata Hydro- 
electric, the Andhra Valley and Tata Power (’om- 
panies; and lastly, tJie small thermal stations 
owned by a liost of private companies all over 
India. In spite of the fact that (lovernments have 
participated in the electricity production, the pace 
of rates is set by the Companies working under 
private licences and paying high dividends (10% 
or 12% in cases). High rates mean low consump- 
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tion ami low consumption means a^^ain low produe- 
lion which implies high costs of production. The 
maximum rates lai(Udown under the licences be- 
come the actual rates everywhere, while the 
consumers are exploited on all fronts, on meter 
rent, minimum charges, service rent, etc. Mis- 
management, falsification of accounts, putting 
profits to open and secret reserves, high overhead 
costs due to forbiddingly high salaries of European 
offi'eials-- these evils are rampant evei*y where cost- 
ing the consumer heavily. No steps have lieen 
taken either by the (Jovernment of India or by 
the l^roviiicial (lovernmenls to safeguard the 
consumer, whether domestic or industrial, from 
the rapacious methods of private companies. The 
recent tussle that is going on in (Calcutta between 
the local Municipal Corporation and the Electri- 
city (’ompany and in which the Provincial (lovern- 
iiKOit has unfortunately been helping the Company, 
is an instance in point. It is the general anti- 
industrialization policy of the (luveriiment which 
is responsible for this state of afiairs; the vast 
financial power of the vested interests is also a 
lion in the path of future progress, (’heap power 
is tlie basis of industrial regeneration in India, 
while the growth of electro-chemical and aluminium 
industries directly depends upon the <ievelopment 
of our hydro-eleetric and other power resourees. 
The (’ongress (lovernments could do a lot to re- 
medy this stale of affairs in the Provinces and take 
part in a progressive programme of utilization of 
available power wealth and of the control and 
co-ordination of power supply; but unfortunately 
even the (’ongress rjov(*rnments do not seem to 
be yet alive to the importance of this basic industry. 
They arc frittt?riug away their energies on small 
things. They are eounting their rupees, annas 
and pies, and are afraid of a dearth of money in 
the country, while countless men are lying idle, 
enormous power resourees are lying unutilized and 
the industrial and domestic consumers are being 
exploited under their very noses by foreign 
companies. 

The legal position as laid down by the Indian 
Electricity Act, 1910, amended several times, 
particularly in 19II7, is that the power of granting 
licences is vested in the Provinces, while general 
directional power lies with the (lovernmenl of 


India (now de(?entralized in the hands of the new 
Central Electricity Board). Under the new 
(•oiistitution, electricity is a concurrent head, but 
the Federal (.lov eminent will have only general, 
directional powers of legislation. 

It is not the legal machinery, liowever, so much 
as the policy that matters in this respect. Eegiala- 
tion will be merely to empower and to give effect 
to policy. J:>o far the general aim of policy has 
been to encourage private production and distri- 
inition under licences; there has been no idea of 
integrating, or cheapening, or of the conservation 
of power supply resourees. The power of compul- 
sory purchase has been latent but seldom used. 
There are two main practical steps which must 
be taken if India is to make any progress at all in 
power generation and not starve in the midst of 
plenty. (I) In the first place, it is very essential 
and urgent that the entire system of power supply 
in the country should be mliunaUnd. This does 
not mean that the companies are to be abolished 
nwessarily, but tliat they should be either bought 
up or absorbed and made a part of a )>ig national 
venture or a group of provincial ventures. Their 
dividends shouUl be limited or guaranteed on a 
sliding-seale basis inversely with the rates charged. 
Their production and distribution should be 
pooled into an enormous gri<l scheme which will 
enable the “ pooling of the load.'^ In any ease, 
the present hegemony of vested interi'sts must be 
broken up. Unly a truly nationalized eoneern 
can create the possibility of basing rates upon 
exj)eeted future costs and ailopt a far-sighted 
policy of rates, continually lowering them on the 
principle of increasing returns. Private companies 
have neither the lime nor the inelination to wait 
for such long-run rewards. (2) Seeondly, the 
Provincial (Governments should immediately 
undertake progressive and nation-wiile utilization 
scheme of power supply, after proper jirelim inary 
surveys to avoid and to investigate, ineideiitally, 
the mistakes committed by earlier unplanned 
schemes like the U. P. Uanges and the I^unjab 
Mundi Schemes. The total electricity production 
of India can be increased hundred-fold, if this 
is done. Let the Uongross make this question its 
own and ask the Provincial (Jovernmeiits to take 
a bold and forward step in nationalizing and 
rationalizing the country \s power supply. ' Let 
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thoin appoint at an early date Kleetrieity roinniis- 
sions in eaeli Province to suj^tresl ways and means 
to l)rin{]j about f>:rciiter control, better co-ordina- 
tion and increased proiliiction of electric power in 
the country. 

Touchinj? upon the question of Power Alcohol, 
Prof. Adarkar said that the scheme for mixinj; 
alcohol with petrol was quite attractive but the 
(piestion was: who is to bell the cat? The petrol 
companies would not be very enthusiastic aimut 
it, for it was bound to cut into their sales of petrol. 
Moreover, power alcohol (as distinct from alcohol 
for human consumption) was a subject for Federal 
legislation, ami the I'rovincial (lovernments lunl 
no power to le^dslate on it. There was little 
chance under the present constitution that the 
proposals in this connection could be tiiven effect 
to by the IVovincial (Jovernments.' 

Dr (i. K. Toshniwal speakin*^ on Electrifica- ‘ 
tion of Soviet Russia ” said: -The level of electric 
power development in pre-Revolution Russia 
was very poor, it was rlecades behind the advanc- 
ed countries of the world. The conditions in 
Russia <lurinH: this period w'ere very similar 
to those obtaininji: in India today. Nearly 70% 
of the population were ajiiriculturists, and were 
almost as poor and rajfjjed as the present-day 
peasants in India. The electrical equipment was 
inefficient, the cost per installed kilowatt and the 
Ciist per kilowatt-hour were extraordinarily high. 
The load factor being very low', the production 
cost averaged 2.1 annas per unit, while in some 
cities it w^as as high as GJ annas. 

During the tJreat ^Yar and the Fivil War, the 
power e(|ui])ment of Ru.ssia was largely paraly.s- 
ed or destroyed. In 1918, when the country was 
ablaze with fires of civil war, Lenin requested the 
Russian Academy of S(*icnces to begin the scienti- 
fic and technical study of reorganizing industry 
anti etfecting the economic recovery of Russia. 
Lenin emphasized the necessary of paying 
especial attention to the electrification of industry 
and transport and to the employment of electri- 
city in agriculture.” 

In 1920, a conuuiUee consisting of two hundred 
scientists and engineers headed hy Prof. 
Krzhinzhanovsky wajj appointed for elaborating 


the plan of governmental electrification of Russia 
((roeiro plan). This plan was projected for 10 to 
15 years, it provided for capital investment of 
17,000 million nmhles (about 2,500 crores of 
rupees), and aimed at an Industrial production 
ri.se to 180%, -200%, of the pre-War level. For 
the fulfilment of the Doelro plan it became essen- 
tial to make a very thorough survey of power re- 
sources- coal, peat, oil, shale, water power, etc. The 
.surveys revealed that Russia’s pow'er resources 
were vastly richer than supposed; coal reserves 
were found to he Ij billion tons in.stead of the 
])re-War estimate of i liillion Ions; oil areas of 
minor importance were found to po.sse.ss rich 
potentialities; the hydrological .survey (consi.st- 
ing of 5200 .stations) shovvcsl that 250 million 
kilowatts was a more correct c.stimatc of Russia’s 
water power capacity than the pre-War estimate 
of U million kilowatts. 

The most important features of the (loelro and 
the tw’o five-year plans are: (1) The centraliza- 
tion of electric power and ('ouceiitration of 
generating plants in rc'gional stations, intensmiiec- 
ted into electric .systems— the grid system. (2) 
Development of <‘(‘ntralize<l ('omhimsi ])roduc1ion 
of heat and electrical energy. (8) The develop- 
ment of hydro-electric stations. ^(4) Fnll(‘st uti- 
lization of low-grade local fuel for elect rilicafitm. 

It might l)e iminted out here tliat economy has 
been the main faetor in the Russian grid s.vst(‘m. 
Electi’icity generated by wlial(‘ver method has been 
eoiuiecled to the grid .sy.slem. 

As result of tliis planned economy the produe- 
tion and use of electricity in industry has been 
very rapid in Russia. In 1928, just before tin* 
fii-st five-year plan, the country’s total generating 
capacity was 70% above the ])re-War hwcl, while 
the electricity outi)ut was !()()% higher. The 
clectrieal equipment of the U.S.S.R. was 55% of 
that of Italy, 40% of that of France, 35% of tliat 
of England, 20%o of that of tJermany, and less 
than 5%, of that of F. B. .\. Even Switzerland 
generated more electricity than U.S.S.R. in 1928. 
The tw'u live-year plans luive however now radi- 
cally changed all this. 

j The electrical energy used in indu.stry in 

i Russia rose to eiglitceii thousand million units in 
1925 — an increase of G50% over the figures of 
1926. During the first five-year plan and the first 
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throe yours of the soooikI fivo-yoar plan thousaiuls 
of new industrial plants for manufacture of 
tractors, automobiles, hoary iron and stool machi- 
nery, chemicals, cotton textiles, etc., were put into 
operation. In technical ecpiipment several of 
these plants far outstrip similar European 
concerns. 

Dr A. N. Taiidon .sjjoke on The <ievelopment 
of electrical power in the United Provinces.** In 
the United Provinces the power was installed 
rather for ai^riciiltural use than for industrial pur- 
poses. The present .state of electrical supply is 
very much anti(|uale(l in this jirovince ami the 
total consunii)tion pt r vapifa conies to only 4 units 
per year. The sui)]dy companies in the province 
which have been entrusted to the hands of vested 
intorosts are niakinj»‘ enormous j)rofits at the co.st 
of the count ry*s imiustrial pro«>:ress. The same 
could be said of the tian«(‘s (‘anal Hydro electric 
Urid Scheme which has been broimht about at a 
record nf 12(M/- jier K.W. instalbsl, and 

was supply injr enerjiy at a hi»h rate. Heferrinj; to 
the recent quest ionnaii'c issued by the Electricity 
(‘ommittee ap])oiiited in V. P., he said that it 
touclu'd only the most insijynificant problems and 
i^noreil the radical causes. What was wanted 
was a thorough examination of the (pusstion of co 
ordinatod j»eiieralion ami distribution of electrical 
power with a view to providinj*: a choa]) supply of 
powei’ in U. I*. 

The sponsors of the (Janjj:es (‘anal Project 
would have »lone some service to the country if 
instead of Iryin*'- to capture tin* public ima‘;inati<in 
by the idea of rural electrification, they had 
concentrated the load near the ‘’cneratin” stations 
for ilevelopmeiit of heavy chemical industries. 
The (lances Uanal Hy«ln» electric (Irid j^enerated 
electricity at .ST anna per unit which is almost 
twice the price per unit oeiuTated by lonf^diaul 
coal, which is only .to anna. The Eastern (Jrid 
and P\im])in}»: Project which has also been planned 
on the lines of the (Jaimes Uanal Hydrodectric 
Project will also meet the same fate as the former 
on complethui. U is, therefore, evident that the 
position of electricity generation and distrihutioii 
in U. P. is very nnsatisfacttjry and re^piires com- 
plete overhauling, to aehieve which the (Jovern- 


iiient sliould establish a power research organiza- 
tion for studying these prolilems and devise means 
to supply cheap power. 

Pandit Jaw'aharlal Neliru in summing up the 
diseussions said that there could be no two opinions 
regarding the necessity of establisliing Power 
Ueseareh and Survey Institute with a view to 
ensuring eheap and abundant supply of power for 
the nation. The (.■ongress is not blind to the 
urgency of the matter. Hut the conditions uialer 
which the Uongress (JovernimMit functions is not 
wholly umlerstootl. Democratic governments are 
greatly hiirdened by their ordinary routine work 
and complaints from innumerable persons who 
now have access to them. They must first do 
things which arc demanded by hundn*ds of 
thousands, and have no lime to listen to the coun- 
sels of a few dozen, however wise they may be. 
Eni’ther, the (Jovernment is so tired of listening to 
trivial matters, that they are jaded, and have 
little time to discuss far off schemes with experts 
and scientists. 

On the side of the ( luveriiment. it can further 
be said that the expert scientist is not always a 
helpful person. He does not realize that things 
which have to he put before the government must 
be <lefiuite and mu.st be related to what is actually 
happening. The ])roposals must fit in with llie 
realities of the situatioii. 

He would suggest to the Academy to draw up 
definite ])roi)osals, such as might benefit the nation, 
not vague aspirations as to what shouUl or might 
be done.* Uon(*n‘te suggestions should be given 
for power survey, to prevent exploitation of the 
public by the power supplying eompanies. and for 
the use of power alcohol. It has just been .said 
that provincial governments can do nothing in the 
matter of power alcohol because it is a federal 
subject. Ho was not sure of that, but, in any 
ease, we have to develop imblic opinion and put 
pressure on the (Jovernment. The (lovernmeut of 
Jiidia is not so powerful as people think. It is 
a fading institution. 

pMinlit Jnwaharljil Neliru’s .siig^f.sfion.s, flio 
National Acuileinv »(* passed in their next meeting 

held on March L’o, UKIS, a few re.solul j<»n.'* emluxlying eon- 
erete proposals as to what slnmld l»e done, lliese are 
published in our section of “ UuiviTsity ami .Academy 

—Ktf.f Sr. S' Cul. 
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Fight of the Oxford Municipality against 
Lord Meston and Others 


[The war of independence declared by the Calcutta 
Municipal Corporation in the matter of the Cily*s 
electric poiver supply ayainst the monopoly poitsessed 
by the Calcutta Electric Supply Co. has aroused 
widespread interest, and provoked comments, both 
friendly ami adverse. This type of jiyht of the city 
councillors ayainst monopolies held by biy financial 
yroups, thouyh probably new to this country, is not 
unknown in Enyland. The folUnciny article, repro- 
duced from the “ Xew Slaiesnutn and the Xation,** of 
March 6, IWiS, describes the struyyle of the Qjrford 
Municipality ayainst a powerful financial yroup in 
the matter of the city's electricity supply. It will be\ 
interestiny to note that Lord Meston who is the presi- 
dent of the Calcutta FAectric Supply Co. fiyures very 
prominently in the Oxford City's struyyle as xvell. 
Our attention to this article was draxvn by Pandit 
Jawaliarlal Nehru to whom our best thanks are due. 

— Kd., Sc. Cul.] 

The lessons ol' Socialism are often tauj^bi in a 
form so abstract that the layman fails to appre- 
ciate their relevance. The reason for this is very 
larj^ely the dilTiculty of cxplainiiif? in detail the 
working of the capitalist system without makiup: 
oneself liable to actions for libel. Only rarely 
do facts come out which are both publishable and 
instructive. For this reason the history of Oxford 
City’s electricity supply may well be of #*’eneral 
interest. It is not an unusual history and it 
illustrates the conflict between the consumers’ 
interests and the policy of high finance typical of 
our present economic system. 

The Oxford Electric 

Fleotricity arrived in Oxford on June 18th, 
1892 : it was generated and distributed by a small 
local company called Oxford Electric, whose 
shares were largely owned by citizens of Oxford. 


Whatever the virtues of private (*nterprise, they 
did not manifest themselves in this concern, but, 
in spite of its notorious inefficiency, Oxford 
Electric in 1924 extended its area to take in the 
growing industrial suburbs which were later to be 
included within the Oily boundaries. In 19)32, after 
forty ycai*s of hard work, it could boaid of the’ 
highest tariff in England and a partly derelict 
plant: there was practically no domestic develop- 
ment, and round about four cookers had been 
installed. 

The City Municipality takes over Oxford Electric 

Meainvhile a few intrepid spirits on the Fity 
Council had been urging that the service be muni- 
cipalized, and in elanuary, 1928, the City resolved 
that they would exercise their right of purchase 
for the area within their then boundaries. This 
did not include the new industrial suburbs where 
nearly half the inhabitants live, but the (Vmncil 
desired to buy this area too. If i‘ver tlierc was a 
ca.se for public ownership it was here. 

Oxford City’s Struggle against Financiers 

lint by now the City was faced not by a puny 
local company, but by the serried (if confused) 
ranks of international finance. 

(1) 

The Wessex Company— Chairman, Lord Meston 
— ^had bought off 64% of the shares of 

The Oxford City Electric Co-Chairman, Lord 
Meston 

( 2 ) 

The Wessex Co. is controlled by Edmundson’e 
Ltd., 
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(3) 

The Edmiindson’r3 Ltd. is controlled by Greater 
London and Gounti3s Trust. 

(4) 

The Greater London etc. is controlled by a 
Canadian Trust. 

(H) 

The Canadian Trust is controlled by a Public 
Utility Company in the U. S. A. 

This fiiiaiicinl pyramid was resolutely opposed 
to the idea that Oxford Oity should try to provide* 
electricity at taritfs which its citizens could afford. 
Ail iiilluential Tory councillor had been appointed 
a director of Oxford Pffectric; another director 
was instructed to nejiotiate, failed, retircel and 
received .£(),000 for “ loss of office and, finally, 
our financier thoiij^ht lit to indulf»e in three years 
of litif^ation to prev<*nl the purchase. 

Oxford Municipality wins the Case 

This litiyalion was rendered even slower than 
usual by ihe necessity of referring every detail to a 
mysterious gentleman in Chicago; but Oxford Oity, 
with a fool-proof case, held out in spite of well- 
orjranized inner opposition rij^Iit to the House of 
Lords, and in HtTJ, after enormous cxpen.ses had 
been incurred, the inner area came under the 
control of the City. Purchase of the outer area 
was impossible. 

Achievement of the Municipality — Rates Decrease 
to Onc-third 

Between 11KV2 and March, 1937, municipal 
(.nterprise succeeded iti revolnli^iiiziiUpr Oxford’s 
electricity supply. The number of consumers 
rose from 5,801) to 13,500, and Ihe consumption 
from 6,952,680 units to 27,429,228, while the 
averagfe price per unit decreased from 3.84 to 
1.26 pence. By January, 1938, instead of four 
cookers there were 3,620, instead of no water 
heaters apd boilers there were 4,180. Moreover 
considerable profits were .shown, which, instead of 
disapp?arinfr to Chicago, could be used for the 
benefit of the ratepayer. 


Electricity Supply in the Suburbs 

But the delays of litigation had pnaluced a 
curious situation. Kven before the Lily took over 
the inner area, it had extended its boundaries to 
include the industrial suburbs, so that from 1932 
on ratepayers in three large wards were suffering 
under the commercial tariffs extorle<l by the 
Oxford Klectric far higher than those |)revalent in 
the inner area, ami IJeadington and (’owley be- 
gan to demand that Oxford Oity must extend its 
suj)ply at least to its own ratepayers in industrial 
Oxford. Though this was obviously to the <*on- 
sumer’s interest, it became clear in 1936 that the 
MacOowan (^unmittee’s Report threatened to 
throw Oxford back to the financial lions. The 
\Ves.sex, which had beeri in control of the old 
Oxford Electric, was larger than Oxford f’ity and 
the report recommended the absorption of the 
smaller distributors by the larger. Tho.se fears 
were somewhat allayed by the White Paper which 
suggested tha! iii the r(M)rganizalion, Oxford 
should lake tiver its oul(‘r area: but the White 
Paper is not an Act. 

Intrigues of Financiers 

The White Pa])er galvanized tin* financiers into 
activity. A furious jockeying for position took 
place in the winter of .1937. All parties tried to 
strengthen their jiosition before the Oovernment 
legi.slated. The moves in this game merit the 
attention of all simlents of modern life. As a 
respectable bafd^er said in Council “If the Labour 
Party knows how to use this, it is worth a hundred 
seats.” 1 hope he is right, for here* are the facts. 

Lord Me.slon’s Dealings 

Early in December, 1937, Lord Meston 
Chairman of the Wessex most of whose shares, 
are held by Edmundson’s of their nominees - 
makes an offer to 

Lord Meston — Chairman of the Oxford Elec- 
tric, 64 ;; of whose shares are held by the Wessex. 

This otter, approved by the Electricity Com- 
missioners, was for the princely sum of .£240,000 as 
from July 1st, 1937. It is worth noting first 
that this offer was made at a time when the Coun- 
cil was dispersing for its (’hristmas holidays, 
secondly that the Couneil was not informed, and 
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thirdly that the shareholders were led to believe 
that the offer was a i^enerous one which they 
would do well to accept. That at least was Lord 
Meston’s view, and he was in a position to know 
as he was in a sen:;e both purchaser and vendor. 

Fight of the Municipality against the Financial 
Pyramid 

A shareholder of Oxford Klectrie informed the 
then chairman of Oxford Oity Electricity Com- 
mittee that these nejorotiations were pendinj?. He 
was surprised to learn that the sale was taking 
p]at?e behind his back. With considerable courage, 
being unable to get a resolution of Council in 
time, the chairman on his own initiative wrote to 
Oxford Electric that the City would offer .sub- 
stantially more than ^240,000. This hotter w^is 
read at the meeting of shareholders, and compelled 
Lord Meston to adjourn the meeting. From the 
point of view of the consumer, it is interesting 
to note that he was advised to accept a low offer 
on the superb ground that public utilities should 
not be put up for auction. From the point of view 
of public control, furthermore, we shouhl observe 
that the Electricity Commissioners sanctioned 
this inter-company deal and have indicated that 
no useful purpose couhl be served by hearing 
a deputation from the City Council whose citizens’ 
electricity supply is at stake. 

Fight between Oxford Municipality and 
Financiers 

In January. 1947, Oxford City Council 
unanimously approved an offer of €200, ()()(), and 
guilele.ss citizens believed that all was well. Hut 
Edmuiidson’s, or rather imperial Continental <Jas 
(fem yet another transaction had now' taken place, 
and this patriotic Hritish group had now replaced 
the Canadians and Americans in control), had one 
or tw'o cards up their sleeve. In letters to the 
sharesholders Lord Meston coolly argued that 
Oxford’s ^J00,(M)() was W'orth less than £24(),()(M) 
as OxfonI proposed purchase from April, 1938. 
When it had been shown that Oxford was really 
offering iJ60,000 more than the Wessex, Lord 


Meston went on to state that Edniundson’s were- 
now willing to add £65,000 to the purchase price 
offered by the Wessex, and the shareholders’ 
meeting of Oxford Electric approved the purchase. 
This approval was not difficult to obtain since 64 
per cent of the shares were held by the purchasers ! 

Again let us consider the situation. The direc- 
tors of Oxford Electric (chairman, Lord Meston) 
strongly recommend the acceptance of an offer 
of £240,000 from the Wessex (chairman. Lord 
Meston). When Oxford offers more, the first 
offer is brought up to £305,000 by a gift from 
Edmundson’s Ltd., who controls the Wessex, ami 
this gift proves at least that the same people 
advised Oxford Electric shareholders in December 
to accept £65,000 less than they were one month 
later prepared to pay. Not doubt this is normal 
eti<iuette in the financial world, but it looks 
strange to those of us who are use<l to more 
humdrum business methods. Even stranger is the 
fact that the consent given by the Electricity 
Fommissioners to the first offer holds good in spite 
of all these transactions. They had sanctioned 
purchase at £240.000 presumably on the ground 
that it is no concern of theirs if somebody else 
likes to add another £65,000 even though this 
“ .somebody else ” is in fact the same concern 
under another name. 

The Fight Continues 

Hut t() continue our story: Oxford Fity is 
now promoting n Hill, at very great expense, to 
bring the Oxford Electric Fo. under its own con- 
trol. Local ^‘non-party” petitions are receiving the 
kimlest consideration by local Fonservative M.P.s. 
who under pressure of public (»pinion are forced 
to londemn the whole proceedings and to give 
their fervent support to municipal Socialism. 
Oxford is a city united in its detestation of mono 
poly capitalism in so far as its operations afl‘ee*t 
its electricity. 

It is hoped that the Hill may get through. Hut 
mejunvhile the Wessex has magnanimously olYered 
to complete its ()perations by buying the municipal 
undertakings as w'ell. And I have no doubt that 
it has more influence with the National (lovern- 
ment than Oxford’s gallant — if tardy — local M.H.«. 
Meanwhile, similar measures are being taken by 
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the j^reat power concerns throujfhont the country, 
or rather (in (icneral Franco’s lan«:ua}»e) tliey are 
now nioppinj^: up the reniiiaiits of electrical Hoh 
shevisni which survived tlieir caiiipaiprn of the last 
ten years. When this has been done and the K»*eat 
interests have fortified their positions securely, the 
(foverninent will produce its Bill for the rej^ula- 
tion of electrical distrihution in (Jreat Britain. 

//. //. N. (*rt)ssman. 


(From The Xeiv Statesman and Nation, March 
5, 1938) 


More about the Calcutta Electric Supply 
Corporation 


Workiiifr cost 

dross Profit (minus 
interest on loan, de- 
preciation). 

Interest . . 

I )eprec ia t i o n ch a rfres 

Total Power installed 

Total amount of elec- 
tri(*i ty m a nuf act ured . 


Total number of con- 
sumers. 


Nearly half a million 
])ounds. 

Nearly 7.77 lacs of 
pounds, i.e., 11% on 
capital. 

I.‘tfi lacs of pounds. 

2.90 lacs of pounds. 

105000 kilowatts. 

311 million units, i.e., 
177 units per head in 
the year, of which 30 
is dom<‘stic, 143 in- 
dustrial. 

08582 


The cost of production and marketing: amounts 
to .39(/ per unit, i.e., a little over 1/3 of an anna 
calculated as follows: — Foal, salaries etc.- -. 30d ; 
repairs, maintenance, store .Old, menasi-ement .08d. 


The above history of the Oxford Flectric will 
be found interest in j*’ to everybody. It provides 
only one anionj>: hundreds (»f thousands of instances 
to expose how capitalistic methods work. 

The public may be interested to know more 
about tin* Falcutta Blectrie Supply Co.- the follow- 
ing: details (compbtc details up to Dec. 1936) are 
taken from the Kleetrkat Times, Only rouinl 
figures are ‘»iven. 

(’'apital of the Company Seven million ptmnds 

sterlinj*’. 

Population served . . 16 lacs. 

Total dross Revenue . . 1.23 millions of pounds 

plus /£49,910 in meter 
rents. 


The company charj»:es on the averafje .95f/ per 
unit, hut this includes power. For domestic pur- 
poses the charge is 2 annas or 2.25 pmee which 
is nearly 5 times the cost of production. The 
ratio of the charge for domestic supply to the cost 
in Knyland appears to vary from 2 to 3 so that 
the company is not justified in charj^in{»‘ from the 
dome.stic consumer more than an anna. Accord- 
inj»* to our estimate if the (Corporation buys up the 
interests of the (’alcutta Electric Supply Corpn. it 
will, like the Oxford Municipality, be able to brinf» 
down the rale from two annas to one anna, and 
still ji'ive a handsome profit to the Calcutta Cor- 
poration. The profits of the el(‘ctrical undertakinjj, 
instead of di.sappearinj< into spacious pockets of 
the international financial majfnates, may be utiliz- 
ed for improvement and amelioration of the 
City. 
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Flood Control Research at Cornell University 

Flood fontrol iiit‘«siirt*.s for tlit* soiilhern tier 
(‘ouiitit's of New York Stale and the adjoining 
(‘oiiritie.s in northern Pennsylvania are under intensive 
study at (’oriiell University hy the War Department, 
the SeluM)! of Civil Kngineering cooperating. Benja- 
min K. Hough Jr., of the U. S. Army Kngineering 
Corps, has a stall' of •')5 men working in Ithaea on 
prohkms of soil meehanies. A. N. Vanderlip with 
Professor Krnest W. Sehoder and other members 
of the (^)riiell Engineering faculty are eondueting 
research in Hydraulics. The War Department is 
making extensive use of Hydraulics Uaboratt)ry of 
the College of Kngineering and has erected a new 
soil mechaiiii's laboratory, equipped with two car-loads 
of apparatus from the abamloned Passamaquoddy Dam 
project in Maine. 

Research is proceeding in two major directions: 
problems in channel improvements, construction 
of check dams and other water control measures; 
and studies of foundation conditions and suitable 
materials for earth embankments ami earth dams 
where needed. The first important problem in 
hydraulic group necessitated tlic construction of a 
scale model of the Chenango River through Hinghaiiiton, 
wluTc disastrous floods occurred in and 

'I'he model, constructed in the Bclhe Lake canal 
above -the Hydraulics Laboratory and built to exact 
scale of 12 inches to 75 feet, has made possible 
studies of the Chenango River for two miles above its 
junction with the Susquehanna. The flow of water 
ill tile model is regulated in pro])cr projiortion to that 
in the river for its various flootl stages ami is measured 
and recorded very accurately for flood control study. 

A serious difficulty has been to secure accurate data 
to guide the operation of the model. Few reliable re- 
cords were made before the flood of July 1985. The 
preliminary tests had to be run under three conditions: 
(1) with the river partly blocked by sections of the 
bridge as immediately after the flood, (2) wdth the 
river flowing freely under the new" bridge, (3) with the 
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river partly blocked in a different way by contractors' 
trestles for the river bridge. Now that the reliability 
of the model as an accurate reproduction of the river 
to scale has been established, each test still has to 
be done three times, with different levels of flow in 
this Susquehanna. 

Careful experimental studies have shown the 
probable effects of a number of proposed channel 
improvements designed to lower -the Binghamton 
flood stage at least a foot — a margin which w'ould 
have had important beneficial effects during both 
the re<‘ent fleiods. 

Most of the dams and embankments to be con- 
structed will be of earth. Hence the properties of 
the earth to be used assume great significanci'. 
Samples from various sites are under continuous 
scientific study. On the basis of these ti‘sts, army 
engineers are seK;cting sites and designing structures 
which will eventually control the flow of water 
through the entire Susquehanna valley, and w'ill, it 
is hoped, completely eliminate the danger of serious 
floods in the future. 

• — ScieiicVt March 1})8H. 

The Enquiry Committee’s Report on the Bihta 
Railway Disaster 

The Bihta railway disa.ster which occurred in the 
thinl week of last July was the most serious of its 
kind in India, Aecording to the official estimate, 107 
persons were killed and 117 injured as a result of 
the accident. A committee was set uj) with Sir John 
Thom, Chief Justice of the Allahabad High Court, to 
enquire into the causes of the accident, and the re 
port has rceently been published. According to it, 
** the derailment of the 18 Dowm near Bihta on July 
17, 1987 resulted from distortion of the track w’hicli 
w’as caused by XB class engine No. 1916 running si 
excessive speed and hunting." The accident is there 
fore directly attributed to the negligence on the par* 
of the Railway authorities. The Railway Company 
is accordingly, says Sir John in his report, liabi' 
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to pay damaji^es to those who were injuretl ami the 
depenilanis of* those who were killed in the aeeident. 

In course of the evidences before the Knquiry 
Committee^ nuieh stress was laid on the XH type of 
engines as being dangerous for use. More care and 
greater diseriinination is expected of the railway staff 
in the eniployinent of the engines, and their selection 
sliould be, in every ease, strict and rigorous, latsides 
mtfintaiiiing very careful vigilance over every possible 
source of danger. 'I'lie risk of railway travel may 
thereby be greatly ininiini/ed though not absolutely 
eliminated. 

First All-India Electrical Conference 

We are not aware if any electrical eonferemres 
were held in India in the past, tiiough need for 
these nmst have been felt in some (ptarters with the 
development of electrical industry in this country, 
'file first All India Kleetrieal C^mferenee that held 
its session at Calcutta during the Kaster vacation 
must have therefore been very vveleoinc. It is in 
these conferences that experts imet and exchange 
notes, not »>nly to their mutual benefit but also to the 
great advantage and development of the industry 
eoneerned, besides creating a strong public opinion in 
favour of the decisions taken in the eonferenee. The 
first All- India Khtetri<*al Conference was (.pened by the 
Hoirble Mr N. It. Sarker, Fiiianec Minister of Heiigal 
and presided over by Mr. J. N, Mukherjee, formerly 
Chief Electrical Engineer, Posts ami 'Pelegraplis, 
(loverniiient of India. Mr Sarker in his o])ening 
speech emphasized the need of ileveloping eleetrie 
power in India for tin* eeonomie benefit of the country. 
The main reason, said Mr Sarker, for India’s baek- 
w'ardness in the matter of eleetrieity consumption >vas 
the want of udecpiale recognition so far by the. public, 
as also by the (iovenimeiil, of the great utility of 
electrical power for the eeonomie development of the 
country. But, he ))roeeeded, today there were earnest 
and persistent demands from the public for more and 
more development of electrical power. Enterprises 
were already in the field, and with the cooperation and 
eneourageiiieni of the Provincial (lovcrnments these 
enterprises would be productive of imnien.se benefit to 
the nation. Mr Mukerjee, in bis presidential address, 
advocated the adoption of the grid system on the 
lines of the United Kingdom with such changes and 


modifications as would be in conformity with the 
physical and elimutie (*unditiuns of India and the 
establishment of a properly equipped seieiitifie and 
engineering research department for the development 
of the resources of the country on sound eommereial 
and seiontifie lines. 

Important Resolutions of the Electrical Conference 

'I’he All-India Electrical Conference passed a reso 
lutiori reque.stiiig the (jovernment of India to appoint 
a committee of experts tti go into the question of 
industrial and rural eletdrifieation for I he development 
of the latent re.sourees of the country and to formulaic 
S(‘heines for the installation of a national grid system 
in every autonomous province of India, 'riie Govern 
meiit of India was also asked to take u]), in consulta- 
tion with provincial governments, the question of 
estalilisinng a department for scientific, indus- 
trial and engineering resi'areh, similar to the 
Department of Scientific and Industrial Research 
established in the United Kingdom in IPId. 'J'he 
Cimferenee also reqm^sted the Govermnent «)f India 
to subsidize deserving persons or firms who undertook 
to manufaeture ele(‘trieal machinery ami other pro- 
du(‘ts against proper security, and to electrify the 
railways where such eleelrifieation proved to be more 
eeoTioinieal than the present system. 

'riie Conference requested Indian Universities to 
include in their eurrieulum for the matri(‘ulalion or 
school final examination elementary lessons in eleetri- 
eity and its application for domestic and other pur 
pose.s, and urged the (’enlral Cb)veriinienl to make 
a survey of the coal resources of India to determine 
the possibility of j)reserving them for industries that 
iie<'ded coal and al.so of economy in their use. It also 
drew the attention of the Government of Bengal to 
the report of the Hydro-Eleetrie Survey of India 
about the possibilities of the power resourecs of 
Bengal, and urged that speedy effect be given to it 
w'itli a view to developing sueli resources for the 
benefit of tlie province. ’I’he Conference requested tlie 
Government to fix cheaper freights for the carrying 
of coal, oil and other necessities for eleetrie supply 
companies in order to enable them to generate ami 
supply eleetrieity at a cheaper rate, and also to 
employ trained Indian electrical engineers, as 
far as possible, in the future. 'Pile (’onfereiiee 
formed a sub-eoinmittec to consider whether 230 volts 
(A.C.) supply is .suitable and safe for domestic use 
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or wlifthor furtlu?r rfslrictions should bt* imposed In 
render it safe. 

Need of Research in Indian Medicines 

Presiding over the annual eonvoeation of the Dnuni 
Tibbi ('ollege, Delhi on April 9 last, Sir Shah 
Mohammad Sulaiman urged the desirability of greater 
list* of indigi'iious systems of medieine. 'I'he Indian 
niedieines are no douhi eheap«‘r, as they are pro- 
dueed loeally, ami there are also among them a rieh 
stoek of medieines of well tried eflieaey. Hut there 
has not yet been any uniform standard of these, nor 
ean they be ealleil safe and reliable. Sir Shah 
Mohammad therefore stnmgly emphasized the need of 
nseareh and original investigation on moderti and 
seienlitie lines in onler to develop the LJnani syshiii. 
'i’he same may be said (»f the Ayurvedie system also. 
Moth these systems unfortunately sutler from a lament- 
able laek of originality, so far as the teaehiiig of 
pure seienee is eoneerned. 

“ 'I'he ileplorable praetiee of aeeepling the 
aiieient books as the last word on the subjeel 
has brougiit about stagnation, and made Indian 
medical knowh'dge almost stationary, Hy an 
abjeet submission to soint' out-of-dat<‘ ideas and an 
implicit aectplarn'c of <dd authorities, tiu* Indian 
systiMiis ignore that inedieal seienee has undergone a 
complete revolution as a result of new diseoveries. 
If the Indian sciences are to maiiilain I heir existence 
and to advance with the Western science, they must 
incorporate all the modern researelies of the West and 
rcadapL them for their own use.” 

He also emphasized the necessity for eO' 

operation among vnids and hakims so that any 
additional knowledge gaiiu'd may become the pro- 
perly of all. “ Unless unregistered ])raetitioners 
are prohibit(‘d by Statute from carrying on 
medical profession, the publit- (‘aniutt be safe 
from being enlra))ped by such quacks with impunity, 
as there is utter ignorance of the legal right to claim 
damages for injury caused to health by wrong treat- 
ment. Lastly there should be an etfeetive guarantee 
that druggists supply pure and unadulterated articles, 
strictly according to prescriptions, and this ean 
aehi<*ve<l by strictness in the grant of Jicen.ses, and 
by constant supervision of druggists’ shops. The 
present slat^^. of a (fairs is that the Western doctors 
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treat the Indian sciences as antiquated and worthless, 
while the Indian physicians treat the Western sciences 
as somewhat undesirable and useless innovations. 
Hoth should recognize that so far as old medicines 
and prescriptions arc concerned, the Indian sciences 
possess them in plenty, and have demonstrated their 
efficacy. Hut the Indian science of medicine 
and surgery is professedly antiquated, and has admit- 
tedly not kej)t pace with the advance of the Kuropeaii 
science. Only a proper co-ordination between these 
different systems ean help to make a valuable contri- 
bution to the advance of human knowledge, and be 
of everlasting benefit to humanity.” 

Prof. D. M. Bose and Prof. M. N. Saha 

As announced in our last issue. Dr Debendra 
Mohan Hose, Halit Professor of Physics, University 
College of Seienee, Caleiitla, has joined the Hose 
Institute as its Director, in siieeession to the late Sir 
Jagadis Chamlra Hose. Dr Hose joined the Culeulta 
University in 1911' as Sir Hashhehari (iliose Professor 
of Pure Physies. For twenty years he held that 
appointment and in 19.*t t he sueeeeded Sir C. V. Raman 
ns the Palit Professor and was also eleeteil Head of 
the Physies Department of the Liniversily (\)llege of 
Seienetf. 

In Prof. Hose tin* University of Caleiilta loses 
a eapahle teaeher and a re])uted .seholar. His ileplh 
of sehobirship. adjuirable thoroughness and melhodi-' 
eal ways of teaching early marked him out as a 
siiigidarly siieeessful teaeher. In the domain of ori- 
ginal research also he earned great dislinetion. In 
his laboratory in the University C’t)llege of Science 
important researelies on radioactivity, magnetism and 
(jllier allied phenomena were earried out by a hand 
of his enthusiasti(‘ pupils. His eontrihutions to tlic 
theory of paramaguelism and prolileins rtdaliiig to 
ino! eular struelure earned for him a wide reputation 
and undoubtedly added to the fame of the institution 
to wbii'b be so long belonged. 

Ili.s wide experience and familiarity with impor 
that research inslitiites abroad will prove to be of great 
benefit to the Hose Institute. We hope that through 
his initiative and under Ids able guidance many new 
important lines of research will be developed there 
and the large resources of the Institute vi’ill be fully 
iitjliz(‘d. 

Wc understand that Prof. Meghnad Saha will 
shortly join the University of C’aleutta as the Palil 
Professor of Pliysies. Prof. Saha is not unknown 
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lo the Calcutta University. Hesidtts being one of its 
most (Ustinguislied alumni, he served this University 
for six years (191() to lf)2«*i) first as lecturer and tlwn 
as Profess(»r of Physies, before he left to join the 
Allahabad University. It may be noted that his 
brilliant researches on thermal ioni/.ution which w»)ri 
for him world-wide reputation as a theoretical 
])hysieist, were carried <uit while he was a meinlK r of 
the staff of the University Collegt' of S«‘ienee in 
('aleiitla. Naturally his alma mater will heartily 
welcome' him back. 

As a teacher and original invt stigator, Prof. iSaha 
has achieved miupie distinction, and from his labora 
tory Allahabad have come out a band of scholars 
who have made noted contributions to theoretical and 
experimental physics. IVof. Saha wdl surely keep up 
this tradition in Calcutta and wc have no doubt that 
his pupils here will be benefited by l»is rart' intellec- 
tual gifts and energy. 

Indian Museums Conference 

'rhe publi(*alioti of the MiDirttms of India by 
Messrs S. F. Markham and II. Ilargn‘avc‘s exposed 
in jjlain and straightforward language tlw absolut«‘ly 
sad plight in which the museums are to be found in 
this country.* While they arc centres a<tiM‘ly 
spreading and popularizing knowledge in the ad 
vanced countries, they are in India storehouses not 
of knowledge but (»f curios alone, and as such, they 
t xhibil ancicjit obj«‘ets of interest whi<'h the visitor 
may come and see. The tnu* functions of a museum 
which are chieHy educational and cultural seem t(» be 
completely overlo(»kcd in India, where they are 
mainly meant to house ctilleclions of weird and 
curious objects, especially ancient. The authors of 
the Musriims of India very strongly crilici/.etl the 
functioning of an Indian inuseuni. We should, in this 
eonnexirtii, tlraw the alt<’nliviu of tlm reader to our 
e<iitorial article. “ Museums in India,” published in 
the .Inly issue (pj). 

Recently a Museums Conference was held at 
Delhi, in which important resolutions ilealiiig with 
the working of a museum in India were ])assed. \\e 
reproduce below some of the most iinportanl ones of 

these : 

” An es.sential ])art of the activities of a museum 
is the advancement of knowledge through investiga- 


tion and research, and it is essential, therefore, that 
the authorities responsible for the different institii 
lions should make adequate provision lo faeilitati* 
.such activities, 'i’he adopt! m of lids pidiey implies 
the <livision of the eolleetion of the museum into (a) 
display and (h) reserve study eolKelioiis, both of 
which are essential if the inslilulion is lo fulfil its 
purpose.” 

" 'Phis Confj'renee agrees with the authors of 
Muxanms in India that museums progress depends 
primarily upim the calibre, training and status of 
curators. It, Iberefove, reaffirms Resolution X\' of 
the Museums C(»;iferenee held in Madras in 
wh'eh reads as follows: — 

‘ 'r.’iat the Coufe-enee desires to express in the 
strongest possible ni.’inner its eonvietion that the dif 
fere.il branches t>f provlu’ial inuseuins sliould be 
under t'xperl inaiiagemeiit , am! that no exhibition of 
specimens can have miieli ediu'ational value inless it 
is arraiigi'd and supervisctl by a man who has made 
a special study of the class of objects of which it 
consists. 

‘The position of curators in India is far from 
saMsfaetorv. I’raetieally no arrangements exist any- 
win re in the country for their training, while* facilities 
or op|)orlunili(*s are rarely proviehel for further train- 
ing or studies, the visiting of other museums f(»r gain- 
ing first hand knowh‘dge of the advam es made* and 
the programmes of we)rk followesl for making such 
institutions more efficient and useful. In view of the 
above, the* Conference ree»>inmends that arrangiinents 
be made* feer (a) the initial training of curators by 
starting in the larger innseums of the country training 
eeiilres in varienis branches of mustMim work; {ii) re- 
fresIuT eeinrses at regular intervals; (v) faeilitie’s for 
curators to visit othe*r museums in India fnun time 
to time, and in s])eeial eases for the grant of h ave for 
study in foreign museums; (r/) selling up an «*\perl 
(‘ommittre on museums lo advise in regard to the 
qualifications and (raining of euralors and other 
eogoale subjects.’ ” 

” The Conference further most strongly r(‘et»in- 
meiids that curators should invariably he t\r-ot)icio 
members of any eominiltee of inanagemeiit of their 
museums.” 

” 'Phis Conference entirely agrees with the authors 
of Mnsfiiins of India that the funds provided for 
the mainteiianee of the museums of the eounlry are 
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inadequate and inueh lower than is warranted eiti er 
by ])opidatiori or by n'venues. A large ]^art of the 
criticism found in the rcjiort can admittedly be traced 
to insufficiency of funds, The Conference therefore 
urges the various provincial (iovernments and the 
loc*al bodies concerned to arrange for more adequate 
financial provisions at the earliest possible time. '1 he 
provision of museums in sonic of the largest citie.s 
which still lack them is an urgent educational need, 
but cannot usefully be consid(*rcd till the necessary 
funds are likely to be forthcoming.’' 

“'riiis ('onfercnce considers that, with a view to in- 
creasing the educational value and public interest in 
the museums of the coiirilry, special efforts should be 
made to bring the general juiblic into closer contact 
with them. Definite provision should, therefon*, be 
made for the various classes of visitors. Since the 
majority are illiterate, and can, therefore, best be 
reached through exhibits explained by the .spoken word, 
it is essential that .special guidc-lectiircrs should b«- 
])rovid('d. For the general visitor the Conference rc- 
eommi'nds the preparation of inexpensive, outline 
guides in Knglish and the jirincipal local vernaculars, 
reviewing, and as far as po.ssiblc illustrating, the 
objects of outstanding interest in the whole museum 
in the case of .speeializ<*d iniiseum.s and in each section 
separately in the ease of general museums. For the 
more educated public, including scholars of .secondary 
.schools, simple but more detailed guides w’ill be neces- 
sary. 'rhe cost of publication should be. accepted as 
a legitimate charge on iniiseuin funds. 'I’he Confer- 
ence further recommends that public interest in 
museums be stimulated by establishing a closer contact 
between them and the Fres.s, and, as far as po.ssible.^ 
by lectures, broadcast talk.s^ etc.” 

Report of the Survey of India 

Aei'ording to the general report for 1937 of the 
Survey of India, (icodetic operations including mis 
cellaiieous computations and research, astronomical, 
magnetic, seisraoJogieal, and meteorological operations, 
the measurement of geodetic bases, principal triangula- 
lion, precise latitudes, longitudes, gravity determina- 
tions, and prediction of tides at Eastern ports between 
Suez and Singapore were carried on dur f.g the year. 
'J'hese operations are fully described in the annual 
Geodetic tteport of the Survey of India, ifl‘j7, which 


will lie published shortly. The maps published by the 
Survey of India during the year include topo- 
graphical maps on scales of J inch, \ inch, and 1 inch 
to a mile, gcographi<'nl maps on .scales of 1() and 32 
miles to an inch, and .special town, guide, province 
maps, etc. 'Fhc total number of map.s (including re- 
vised editions, new editions, and reprints) published 
during the year was about 700 and their location is 
shown in various indexes included in the Report. A 
portion of a half-inch sheet falling in the lloinbay 
Presidency is reproduced in the Report. In addition 
to thc.se dc])artmcntal maps, numerous maps and plans 
were prepared for the Army, local governments, rail- 
ways, and various other departments. In the Mathe- 
matical Instrument Office of the Survey of India, 
appuratii.ses of various kinds were constructed and 
repaired Iwilh for the Survey of India and for other 
Government Departments Army, P.W.D., Railway, 
Medical, F'orcst, Education, etc. Sucli articles as 
mathematical .scales of all .sorts, clinn’iictcrs, pro 
tractors, levels, h velling staves, jirismatic compas.s<*s, 
planctables, pantographs, head slcrcoscc.pcs, folding 
mirror stcri'iiscopcs. Icn.scs, ))rism.s, J hermometers, 
hydrometers, and mi'asuring glasses were amo’ig the 
items manufactured tluring the year. 

During the year under review, l:>pogra])liical 
operations liieluded the original survey of 30,392 
.square miles on various scales, exclusive of an area 
of 3,.93l .sq. miles surveyed in Hurma. 'Fhe total area 
siirM'ved within the external limits of India up lo the 
survey year 193() 37 was 1,110,073 sq. inih‘s and the 
balance remaining for survey is IS2,S17 sq. miles. 

Surveys in Ihc Himalayas included the area 
between the Alakananda Valley and Hadrinath. and 
the Dhaiiliganga and the tributary valleys as far as 
the Nili Pass on the Tibetan border. A ])rivale 
survey expedition organized by Messrs Shiplon and 
Spe !’dcr with tln‘ assi.stancc of grants from the Royal 
Geographical Society and the Survey of India sur 
veyed a larger area in partly unexplored country i>n 
the northern slopivs of the Karakoram and in the 
Aghil Range. Their work forms, says the report, a 
major contribution lo the cartography of this little 
known region. 

All-Bengal Teachers’ Conference 

The All- Bengal 'Fcachcrs’ Gonference opened its 
.seventeenth session on April 16, 1938 at Khulna. It 
was attended, it is reported, by five hundred delegates 
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NOTES AND NEWS 

rr present! nji: e\ery distrid of Bengal. Professor 
Hadliii Kmniul Mookerjoe, of the Lneknow Univer- 
sity, presided. Mr N. N. Sen, M.I^.A., who was the 
ehairnian of llie Ree(*ption Uomniiltee, tonehed, in his 
address, on some important questions relating to 
seeondary edueation, now agitating the mind of the 
jiuhlie. The President in his address dwelt on the 
drawhaeks of I he seeondary edueational system exist 
ing in tliis eoiintry and said inirr alia: “ Of all Ihe 
sehemes of ediu^ational reeonstruelion so far proposed, 
the \Vardha Seheme sponsor<‘d Ity Mahatma (taiidhi 
naturally oeeupies the foremost plaee in i)uhlie at 
ttmtion. The fundamental prineiple of the sehemt* is 
that edueation should relate itself to a praelieal 
seheme of j)roduetive work and should eeritre round 
a <*raft to he able to ' eiluee ’ or draw out those latent 
eapaeities whieh make the integral man. Without 
this diseipline of ])raetieal, rtvsponsihle or pro<lu{‘tiv<‘ 
work, edueation will heeoim* unduly ahstraet and 
llieoretieal and will not full’d its real purpose of impart- 
ing life to edueation.” Dr .Mookerjee ( inphasi/.ed th** 
need of voeational selnuils, whieh were not isolated 
growths in Japan, hut wer<* originally related to the 
(‘(‘ononii(‘ and industrial life of the eounlry. Intro- 
duet ion of voeational sehools, he said, was to he 
determined on the basis of eertain theoretieal and 
seientifie pritieiples established by the seiene(‘ of 
p<‘<lagogies. He also strongly depreeat<'d the grossly 
iiia<h*(piate ex])enditure. of the (ioverniiKMit of Bengal 
for eiliieation. In his annual report the Seeretary of 
the Assoeialion narrated its aetivities dvo’ing the year, 
and the progress it ha<l aehieved during the past 17 
years. He very mueli deplore<l the elauses of the. 
pro])osed Se<’ondary Kdueatioii Bill of the (iovern 
nnml of Bengal, whose pur])ose was to e»mtrol and not 
improve edueation. 

Report of the Botanical Survey of India 

The annual report of the Botanieal Survey (»f India 
for shows that .‘1,500 speeimeiis were i<leiitified 

during the. year, the major portion of the eolleetions 
e(»ming from the Sikkim and Bhutan Himalayas, whieh 
are even now terra hiaujiiata Ixitanieully. 'I’here was 
an unusually large number of speeimens on loan, Imth 
inland and overseas. An interesting aequisition to the 
herbarium is a sheet of the aquatic AldrovandA 
"eesiculosa Linn, collected from Vikrainpur. In regard 


t<i exhibits of flora in the Indian ^ruseuin, tin* n port 
states that .'H-l speeimens were added (hiring the year, 
obtained from South India, the United Provinees and 
Bombay Presidt^ney, and eonsisting mostly of fibres, 
species, oil seeds, and mt'dieinal plants. 'J’he fiovern- 
meiit of Burma having decided to close down their 
plantation all mature (‘inehona bark amounting to 
ISI.sni ll)s. was desj)atehed to the .Mungpoo factory. 
'I'he sale of quinine sulphate tablets dwindh'd from 
1,222 lbs, to lbs., and that of eimluma b brifuge 
tablets rose from 155 1I)S. lbs. to 1,1*22 l))s. This eharigtt 
may be attributed to the comparatively low priet* of 
(inehona. 

Symfx>sium on India’s Power Supply 

Several times in tlu‘S(^ eoliiinns we have dwelt on 
tin; (pK'stioii of India's puw(‘r supply. In the last: 
and pr(*sent issues there has app(‘are(l an article titled 
‘‘An intelligent Man’s (iiiide to the Keonomies of Power 
Supply " by Prof. Saba and Dr A. 'I'andon, in 
which tile subject has been very lucidly treated so that 
every educated reader may understand it clearly, and 
with i>rofit. In the last annual nmelnig of the 
National Institute of Seieiiees Prof. M. N. Saha 
devoted a good deal of his presidential address to 
this problem, wlii(‘h also fornu'd the tiunne of our 
editorial for February. On the 5th March Iasi a 
symposimn on India’s Power Supply was ludd under 
the auspie(‘s of the National iV(*ademy of Sciences, 
India, at .Mlahabad. Many distiiiguislied sei(‘ntists 
parti<‘ipat(*d in the discussion, I’aiidit: Jawaliarlal 
Nehru presiding. 'Tlu* (puvstion of India's Power 
Supply was thoroughly thrashed out, and the sju-akers 
W(‘re all unanimous in einjdiHsixing tiu* iirg(‘nt need for 
lapping all the national resources of the eounlry for 
the development of power in this eounlry. We publish 
elsewhere a detailed r(*port of the synqtosiuni with 
tin* summaries of tin* spe(‘elies of some itf tin* parti 
eipaiits and the eominenls of the Presideiil on it. 
M'hile admitting the ne(‘(l for an invi'stigation into tlu' 
qiK'stion and an early developinenl of power resources 
of India and establishmeiil of a Power Research and 
Survey Institute, Pandit Jawaliarlal Nehru, suggested 
to the Academy to draw up definite proposals such 
as might benefit the nation, not vagiu' as])irati()n.s us 
to ‘‘ wliat should or inigliL be done." Jn the subsecpient 
iimeting of the Academy, therefore, certain resolutions 
embodying concrete suggestions were passed. 'riieS(^ 
are also published in our Section of C University and 
Academy News. 
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The Hydroelectric Power Stations of Norway . 

In (‘oinparison with different countries, Norway is 
very favourably placed regarding its hydraulic re- 
sources. A territory of three hundred and twenty- 
three thousands sq. Kin. can supply hydrauric power 
amounting to 9 million kilowatts rising up to 18 million 
kilowatts; and further it does not take into 
account any of the water-falls having a eapaeity less 
than 1000 H.P. At })reseiit 1.9 million kilowatts 
have been harnessed from this water-power amount- 
ing to Ol'O watts per individual. 

The exceptional suitability of the water power is 
not only due to abundant rainfall, luit to the large 
number of lakes situated high up on the mountains 
which arc fed by eternal glaciers, 'riicse lakes arc 
not far away from the Norwegian fiords and owing 
to the influence of the gulf-streams these fiords are 
navigable all throughout the year. So the economic 
condition of hydroelectric power geiUTutioii is indeed 
very favourable for the country. 

Norway has devclopctl on a very large scale 
elcftro-chemical industries, the protluelioii of nitrates 
and other nitrogen eompounds from atmospheric 
nitrogen. Birkcland Eydc Process for the oxidation 
of atmospherit* nitrogen with the help of an arc con- 
trolled liy a magnetic field is devidoped at Saaheim 
and the factory at Iljukan maiiufaelures ammonia by 
electric process from eleetrolylie hydrogen secured 
from neighbouring factory of Vemork where 20,000 
Cu. m. are produced hourly. At Ifjukan, Maher pro- 
cess is also usc<I with a pressun* device of 2.'50 
K.gm./cm*'^. Part of ammonia is lj(|iu‘fi<'d as a coiii- 
mercial product and the rest is mixed up with oxygen 
and alowed to circulate through lubes containing 
incandescent platinum wire. The nitric acid thus pro- 
duced is utilized either as Sodium Nitrate or as 
Calcium Nitrate according to demand. The annual 
production of the Rjukan factory alone is 200,000 tons. 

The factor}" at Odda has developetl the method of 
Frank and Caro to produce Calcium Cyanainidc from 
Calcium Carbide at high temperature. The 
Norwegian product in 1984 amounted to 40,000 tons. 


Norway has developed the production of 
aluminium to the extent of 40,000 tons annually. 
At Oslo, at Soclgen and at Jorpeland electric furnaces 
are active throughout tiie year for the production of 
alloy steels, such as Vanadium steel, Tungsten steel, 
Chromium steel, in large quantities. 

In 1984, the electrochemical industries and electro- 
metallurgical industries exported materials worth 154 
million Norwegian crowns and employed 60,000 
labourers. It further sells a large amount of electrical 
power to the neighbouring state of Denmark where 
power is transmitted through submarine cable at 
50.000 volts. 

It is notC' worthy in this eonnoction to state that 
practically S0% of its machineries and plants have 
been developed in Norway so tliat the eost of pro- 
diiclioii and inslailnlion is kept within a very rensoii- 
nblc limit. 

Possibilities of Drug Industry in Assam 

Spe aking at the Shillong Health Exhibition, Mr P. 
Das, Vie<’-Pr(‘sidenl of the Assam Chamber of Com 
merce, drew attention to the immense possiblitie's of 
startmg profitabh* bv-pro<luct industries in Assam 
from the sugarcane plantation. The soil and climatic* 
eoiidilions in the province arc very favourable for 
sugarcane plantations which should be started to meet 
the lo»*al requirements. From the molasses left o\cr 
aftt'r the extraelion of sugar, a large* quantity of 
.Jcohol eould be obtained if a modern distillery eouM 
be atlaehed to the sugar mill. 

This cheap alcohol eould in turn be utilized for 
the inanufaeture of such useful products as chloroform, 
ether, methylated spirit, rectified spirit and all the* 
medicinal tinctures, spirit, extracts, etc., of the phar- 
macopoeia. Other profitable by-products would Ix' 
perfumery products, caffeine (from the large quantity 
of tea sweepings, fluffs, etc., that were at present des- 
troyed in the tea factories of the province for fear ol 
these being used as adulterants for lea, while some 
were exported to America for the manufacture ‘'f 
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caffeine), quinine and its salts, ciriehuna febrifuge ami 
emetine from ipeeaeiiaiilia. Many indigenous and 
pliarmaecutieal drugs, as well as iinportaiil oibbearing 
seeds that were lying waste al present in tlw^ provine<\ 
could be profitably exlraelod and supplied to the 
manufaelurers not (Uily in other parts of Imlia but 
also all over the world where the demand existed for 
such produets in eonetuitrated and standanlixed form. 
This line «*ouId open up for the provinee a very profit 
able export trade, bringing in a large amoiinl of wealtli 
for the people of the provinee; but this was possibh* 
only if the Government of the provinee eame forward 
and .sincerely assisted private enterprise by means of 
a subsidy, and by other means as was dom* in Imlian 
States. 

Mr Das also refernid to the eucalyptus and pine 
trees, which grew in the hills, and said that euealyplus 
oil, pine oil, turpentine oil, resin, varnishes, and paints 
could be manufactured out of the.se raw materials, 
as was done on a large scale in the Nilgiris, Upper 
India and elsewhere and which brought in eon.sidcr- 
ablc wealth for the people of the provinces coneerned. 
Other interesting exhibits shown by ^Ir Das were 
Cherrapunji eoal aiul its valuable by-products, like 
coal tar, heavy and light ereo.sote oils, bt*nboine, 
carbolic acid, ammonia, ainnionia sulphate, disinfect- 
ing fluids, lysol, iiajithaline, eoal tar dyes and synthelie 
])erfumes and chemii als. 

Glass Industry in India 

In his speech before the Itolary C’lub, Calcutta, on 
the tpth April last, Mr I). N. Sen, Presi<lent of the 
(ilass Manufacturers’ As.soeiation, Heiigal, made a 
strong appeal for adequate protection by (hivernment 
to the glass industry. This industry in India has 
always been dogged by misfortune. The various 
factors contributing to its failure were analysed by 
Mr Sen to be incompetence <»f organizers, lack of 
expert knowledge, inefficient technical equipment and 
paucity of enough capital, which arc mainly respon- 
sible for lack of improvement of the industry. Again 


there was foreign eompetition for which the indigenous 
industry had suffered a good deal. The tariff board 
examined the position of t1u‘ industry in l!):i2 and 
reeomnnmdetl that adi'quate protection should be given 
to it by the Government at least for a period of ten 
years. The recommendation went unheeded, but 
Mr Sen emphasized, “ proleetion against eompetition 
from foreign countries is essential if we have to 
exist. It is not merely that this competition has 
deprived us of our profits on our working, it often 
ecnnpels us to sell our goods even a I a loss that wt' 
may retain in our markets.” Protection — and adequate 
protection at that — by the State is necessary for the 
encouragement of an industry. Otherwise it can hard- 
ly thrive. The argument advanced by .some people 
that perfection of the technique of production would 
of itself meet the foreign competition and should 
therefore be first aimed at is hardly tenable especial- 
ly in the ea.se of a new industry which ha.s behind it 
neither the experience of a long past, nor the solidity 
and advantage.s of an cstabli.shcd industry. If 'no 
preferential treatment is allowed to it by the State, it 
dwindles away, and eventually dies out. 

Our Industrial Articles for May 

'I’his month we publish as our articles in the 
Science in Industry Section ” Maiiufaeturcr of Patent 
on Proprietary Medicines ” by Prof. M. L. Sehroff 
and ” .\lumina and Cements from Waste Slags ” by 
Mes.srs Y. P. Varshney and M. L. Misra. In the 
former article Professor Sehroff dwells on the question 
of all kinds of so-called patent medicines, generally 
of })oor quality and without any uniform .standard, 
which are flooding the Indian market at pre.sent. 
'rile public is being exploited by the foreign as well 
as the native manufacturers by the sale of such patent 
or proprietary inedieine.s. 'I’lie author studies this 
que.stion in the article and suggests remedies as far 
as po.ssiblc. In the .second article, Messrs Varshney 
and Misra .show how the large amounts of furnage 
.slags that are invariably thrown out in all iron and 
steel plants can be utilized for the manufacture of 
siieli .substances as cement, cte. 
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Manufacture of Patent or Proprietary Medicines 

M. L Schroff 

(if I’ll, inn. (l•^•nl ic , r.i ii.iii'ji MiikIii I iiivor-i»\, |{(<ii.in--. 


India i.s al |)rc.S(nl flooded willi all kiiuls of .so- 
called ])nteiit luedieiues. Many indigenous and 
forei;y*n inanufaeliirers aim at iiiarkelin#^ only sneli 
nie<lieines as will hrin^>: them moi*»* money in hiisiiiess, 
ref^liirdless of the ethical value, of Mieh jiraetiees. It 
is important for u.s first to see what is meant by pro- 
])rietary medieiinvs and secondly to study Ih)w the 
Indian fiuhlie is exploited by llie foreign as 

well as the indigneoiis inaniifaeturers by the distri- 
bution of those patent or proprietary medicines and to 
suggest n’lnedies for the same. 

'Pile meaning of the t<Trns “ proprietary ami 
patent medieim'S ’ is very <’onfiising and <‘v<’n the 
pharmacy acts in various countries make matters worse 
eonfounded. 'I'liere is a lot of agitation going on in 
L'. S. A. at j)re.sent to limit the use of these terms. 
Hefon* the advent of large manufacturing eoneerns, 
the terms “ j)atent and jiroprietary me<lieines ’ were 
synonymous, and they implied medicines maniifaetured 
by a nianufaeturer for self-medication in the absence 
of medical advice. At present, they represent 
many such medieim's as have been e>(dved by tin* 
re.s< ar<’h departments of manufacturing e<meerns and 
embody among them ingretlients some of wliieli an* 
very ])otent. and poisonous. Accordingly, these are 
not at all suitable for self incdii’ation and have no 
similarity to the so-called patent inedieiiies. 'Pliese 
products, instead (d’ being ad\c rti,sed for direct niedi 
cation to tlu^ laymen, are only advertised for the use 
of tlie medical profession, ‘ IMasmocpn'ne com 

])oimd,’ “ Jlclaxin,” etc. 

The jdianiiacy laws in .some of the advanced 
countries, as well, have, fallen behind times. In one of 
the stales of the United Stales of America, the term 
“ proprietary medicine ” is defined by the Pharmacy 
Act thus: — “Proprietary remedies, when not other- 
wise limited, mean remedies that a certain individual, 
or individuals, have exclusive right to manufaeliire or 
sell.” Such definitions as the.se arc very dangerous 
and lielp unserupulous mannfaetiirers to .sell un- 


sfatidard things under the name of proprietary re- 
medies. Heeently the Crescent Hottliiig Works, 
U. S. A., inamifaeliired a solution of Ch'trale of 
.Magnesia under I In* name of ' Duke’s .\fagnesia eilro- 
larlrate ’ as a propridary remedy, the. ditfereiiee 
between the otlieial preparation and the proprietary 
niiiedy being that the latter was slightly adulterated 
ami was miderstrength. Of loiirse, the law courts 
prosecuted the finn for this eva.sit)ii of the Stale laws 
blit such tilings as the one im iitioiied bere. are going 
oil in tndia miabaleil. 'I'lie same conditions exist with 
aspirin eoinpoimds where aspirin, a purely eliemieal 
eoinpound, i.s mixed with a lilthi acetanilide, or 
phenaeetin, or eatfeine, etc., and given fancy names 
and sold as a proprietary remedy. 

'riiere an* many other eases where medicines which 
are practically simple mixtures of otlieial snbslanees 
are sold as proprii lary remedies. Tlie formula, for 
instanee. of “ Kapseals Ventrieiilin with Iron and 
Vitamin IJ ’’ is givi n as follows; (1) Venlrieiilin 
5 grains; lliis is the proprietary name for Sloniaeli, 
now otHc’ial in (he I'. S. P.: (2) Naferon, 2 grains; 
this is Iron ami Ammonium Citrate neutral; and (:t) 
Vitamin H, and Vitamin Again, a (inn is marki l 

ing a chemical compound, Ammoninm Mandelate. 
under the fancy name Mandanion. ft will thus appear 
that a great many proprietary remi’dies of to-day are 
simply ])reseription prodiu’ts hut are sold as siieh. 
which helps them to get more money from the ])uhlie. 
instead of prescribing the proprietary medieines, it 
would be far better if the medical men wrote j)re.serip 
lions and the Indian inaniifaelnn'r.s mamifnetiireil 
galenicals and other products like yeast extract, 
stomaeb (U. S. P.), ammonium mandelate, jiheiio 
barbitone, etc because .sueb proeediire would save a 
lot of money to the. customers, who in a great many 
eases are asked to pay fancy ]jriecs fur adulterated 
drugs, bottled in fancy bottlc.s, and packed in cartons 
with attractive printing, in tlic name of propriedarv 
remedies, the ingredients of many of wbieb are un 
known even to the preseribers. 
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lift \is lake a few more examples of llic eomposi- 
lion of proprietary remedies and eompare them with 
oditdal remedies wliieli ean he prepared and sold at a 
very elieap rate. Sprays and inhalants eoiilainin^ 
ahoiiL 1% ehlorohutol^ epliedrine, eamplior or menthol, 
thymoU oil of einiiamoti, ete., dissolved in liquid ])Hratlin 
are sold under proprietary names and eharj^ed huKt* 
))riee.s whereas the same ean he dispensed in any dis- 
pensin|if shop at less than half the eost. Further, the 
same preparalioiis, if sold under names ji;i\en 
in oftieial hooks of various eounlries, ean 
he obtained at a mueh eheaj)er rale than 
when purehased as proprietary and pattuil remedies, 
'riiere are a Jar^e numher of so-ealled projirielary 
preparations in llie market eontaininp: #i:lyeer<»phos- 
])liales of ealeiurn, potassium, sodium, magnesium, iron, 
manj^anese, stryehnine, ete., with a little eolouring 
matter, syrup, glyeeriiie, and aleohol. Siieh prejjara- 
tioris ean he dispensed very eheaply and easily or 
may he supplied hy aiiy of the manufaeturing houses 
at half the eost under offieial names as eompared with 
the priees paid for similar preparations under fatieiful 
names. The formulae of syrups and elixirs of 
glyeerophosphates are given in many hooks, viz., the 
.\ustralian and New Zealand IMiarmaeeutieal For- 
mulary (A. 1*. F.), lirilish Pharniaeculieal Codex 
(H..P. C.), National Formulary (N. F.), ete. and if 
one were to eompare the eonstitutents of thesis 
formulae with those of the proprietary ones, it will 
heeoine evident that the oflieial pn‘))arations and pro- 
])rielary preparations are very mueh alike, and in 
many eases, the offieial ones are. mueh superior to the 
]>atent ones. Further, the offieial preparations ean he 
e(»mhined with a little yeast extract, aii<l nueleie aeid 
or leeithin, ete., to add other properties, and thus 
njplaee completely the foreign and indigemms pro- 
prietary remedies, many of which arc worthlc.ss. 

Jt would seem desirable that medical men do not 


]>reserihe patent or pro]wielary medicines, unless they 
he truly ]»roprietary ami eoidd not he prej)ared on 
the eoiinler, rjf., Ahiilol (A, H, I), Vitamins), pun* 
.syiitludic organic eom|)»)unds, various glandular pro 
duels, ete., lu’eause by writing their own preseriplioiis, 
the members of the medi< ai profession will he helping 
the real pharmaeeulieal industry by giving im))elus to 
manufaeturers to prepare basic pharmaceutical com 
pounds instead of marketing simple eoneoetions. 
Further, many of the so railed indig« rious proprietary 
remedies are simply admixtures which ean he. dom^ 
easily in a disptMisiiig sho]) hut an* <lone. on a large 
Seale hy manufaeturers and sold at exorhitant rales. 

What are the implications of tin’s question? 'I’liis 
qm stioii of diseontiniianee of preserihiiig pro|)rielnrv 
remedies will dcTiiand on the one hand a greater 
praelie(‘ in the art of writing })reserij)tioiis from the 
))raetising physicians and on the other hand, the 
training of ]>harmaei.s(s will have to he im])roved. 
Further, the opening of new pharinaeies shall liave to 
he controlh'd hy the Pnivinelal Hoards of Pliannaey, 
which must lx* satisfied regarding the fpiali/ieations of 
the manager arul the dispensing chemist before j)ermis- 
sion is granl(‘d fo any jx rson or persons to start a 
jdiarmaey. Ovit and above this, the provincial 
(h)vernments shall have to immediately take up the 
question of instituting ])roper courses for training 
pharmaeisls and dispensing chemist. A friendly co- 
ordination between a well-trained pharmacist and a 
medical man can help the development of pliarmaemi- 
tieal industry on sound li?ies. 'i’he Ciovermnent has 
alsji to make laws ])rohihil iiig adverlisenumls appeal- 
ing to the public to buy iiu'dicaments for self- 
niedieatioii. If these suggestions he iiiipleincmted, the 
pharmaei ulieal industry in fmlia will niak<; rapid pro- 
gress on sound lines. 'I’he manufaeturers will Ihmi 
take up the inanufaelun* of various synlhelie drugs, 
vitamins, hormones, en/ymes, ete. and their energy 
will not he dissipated in maiiufaeluring mixtures and 
eoneoetions. 
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Alumina and Cements from Waste Slags 

Y. P. Varthney and M. L. Mitra. 

«»f (tiii-s llin«lii I'nivctsity 


In all iron and storl plants vt^ry large amounts of 
furnai’c slags arc invariably thrown out. All of them 
contain large percentages of siliea which may vary 
from 10 to 00%, alumina from 0 to 40%, lime from 
5 to 45% ami small amounts of other substnnees like 
MgO, FeO, FeaO;,, S, Mil, etc. Sometimes, the 
amounts of FcO and FcaO;, may also be large. In vari- 
ous parts of the world numerous investigators have 
tried to utilize these slags for the manufacture of 
varied artieles, c.//., eemeiils, road blocks, insulating 
roof tiles, ete. 'Flie present paper eoniains the results 
of work in this direction with a view to the utilization 
of slags produced in Indian f actor ies.'riie major 
part of the work deals with a blast furnace slag rich 
in alumina, while some attempts at making 
cements have also been tried from two other slags 
which arc poor in alumina hut rich in iron.** A 
slag rich in alumina has been treated like a poor 
quality bauxite for the extraction of alumina as in 
the Bayer's Process or more on the lines of the 
Pederson Process in which the siliceous and ferruginous 
bauxite is first converted into the form of a slag and 
then treated with alkali solutions. In the present 
work the residual part of the slag after the extraction 
of alumina has been furtlier used for the manufacture 
of a true Portland Cement instead of adding it as an 
adulterant to a cement which is the common practice 
adopted in many countries. 

Analysis of the Slag: — 

On analysis the slag gave the following eompo- 
.sition: — 


Per cent. 


SiO, 

. . 25.46 

A1,03 

.. 31.10 

Fe..Oa 

0.70 


^Aluminous slag used fur extraction of alumina is from 
the Indian Iron and Steel Co. Ltd., Burnpur. The two 
other ferruginous slugs mentioned are from Messrs. Tata 
Iron 6( 8teel (7n. Ltd., Jamshodpur. 


Pef cent. 


MnO 

2.13 

CaO 

. . 36.33 

MgO 

4.16 

S 

0.80 


Total. 99.08 


'riie slag was crushed, finely ground and graded 
into 3 samples. 

No. 1. Through (>0 I.M.M. Mesh and above 100 
J.M.M. Mesh 

No. 2. Through 100 I.M.M. Mesh and above 200 
I.xM.M. Mesh 

No. 3. Below 200 I.M.M. Mesh. 

In order to determine wdiich of these three sam2)Ie8 
was most suitable for the extraction of AI.2O3, weighed 
amounts of eafk were taken and digested for periods 
of half an hour with different concentrations of NaOH 
solution at a temperature of about 75®C. After tlie' 
digestion the residual slag was removed by filtration 
and washing with cold water. In the filtrate alumina 
was estimated by the usual methods. In every ease 
it was found that the extraction of alumina was maxi- 
mum with sample No. 8, but that from No. 2 was 
also very nearly the same. Thus though sample No. 
3 w.'«s the best the small diiTcrence in the results did' 
not justify the extra amount of labour required in 
grinding the material to below 200 Mesh. For most 
of the subsequent experiments, therefore, a sample 
passing through 100 Mesh only was considered satis- 
faertory. 

The procedure followed in all the experiments 
was as detailed below: — 

A weighed amount of the powdered slag was taken 
in a narrow necked conical flask and a definite volume 
of the NaOH solution added. This volume was so 
adjusted that the ratio between the weight of the 
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NaOH present in the caustic solution and the weight 
of alumina present in the slag taken was nearly a 
constant. The level was marked on the flask which 
was then placed on a hot plate and kept just short of 
boiling for a known length of time. During the heat- 
ing, as the level of the liquid fell due to evaporation 
of water, it was again brought up to the mark by 
fresh additions. This process was repeated every 10 
minutes* and thus the solution was not allowed to 
change much in concentration. After the full period 
of heating the residue was filtered and washed free 


of NaOH with the 

minimum amount of water. In 

the filtrate alumina 

was cstimati'd. 



TAHLK I 


Sample below 200 Mesh: Time of Ireatmeni 2 hours. 


Alumina Extracted. 

Strength of NaOH 

Percent, of the 

Percent, of total 

Percent, by Weight. 

Slag. 

AljOj prenent. 

1 . 16.6 

()..*! 

20.8 

2. 21.1 

9.7 

81.1 

3. 31.1 

26.01 

80.5 


TAHLE 11 


Sample ground below 100 Mesh: Time of Ireatmeni 


2 hours. 



Alumina 

Extracted. 

Strength of NuOlI 

Percent, of 

Percent, of total 

Percent, of Weight, 

Slag. 

MjO:i I»re.se!it. 

1. 26.0 

9.4 

,80.2 

2 . :n.i 

19.2 

(il.8 

40.0 

24.0 

77.2 

4. 50.0 

21.9 

70.6 


TAIILE III 


Sample ground below 100 Mesh : 

Strength of 


NaOIl 2/iy,. 



Alumina 

Extracted. 

Time of treatment. 

Percent, of 

Percent, of total 


Slug. 

A 1,0, present. 

1. 1 hour. 

(5.1 

10.7 

2. 2 hours. 

11.9 

88.8 

8. 8 hours. 

9.4 

.80.2 

4. 6 hours. 

10.8 

84.8 

Alumina extracted in Nos. I, 11. and III was pure 


while that in No. IV was contaminatcil witli traces of 
iron and manganese. 


TAUJ.E IV 


iiample (jround below 100 Mexh: Strenyth of 
XaOII 40 %. 


Time of treatment. 

Alumina 
Percent, of 
Slag. 

Extnicted. 

Percent, of total 
AljO, present. 

1. 1 hour. 

21.2 

08.0 

2. 2 hours. 

25.8 

8.8.0 

8. 4 hours. 

26.9 

88. ,8 

4. (5 hours. 

25.8 

88.0 


The alumina obtained in \os. I and II was ])ure 
but that from Nos. Ill and IV was sligliUy eontaini- 
iiated with iron and manganest^. 


From the above tables it will be clear that the 
luist extraction results are obtained with 10% NaOH, 
the time of treatment being from 1 to 2 hours. If 
a weaker solution is used the extraction is poor and 
if the time of treatment is inereased contamination 
comes ill. At the same time a solution stronger than 
40% does not seem to give better results. 

The composition of the residue after removing 
alumina was as follows - 


Per cent. 


SiO,, 

. . .84.1 

Al.O:. 

. . 7.8 

Fc,0, 

..1.1 

MnO 

. . 2.7 

CaO 

.. 47.1 


5.8 

S 

undetermined. 


'I'otal 98.0 


From the analysis it can easily be concluded that 
if the CaO is increased by about 15% at the cost 
of the SiOj the composition immediately becomes very 
nearly that of Portland C’cmcnt. Consequently this 
residue was mixiil with powdered limestone in various 
proportions to pre])are a batch for making Portland 
Cement. In aeeorilanei* with the general process em- 
ployed for cement making this bateh mixture was 
tired in a furnace. 'I’lie tiring was done, in fireclay 
crucibles of about a pound capacity and at a tempera- 
ture of about M00°C. The period of firing was about 
2 hours, .sufficient to sinter the mass well. This sinter- 
ed mass was tlum cooled, ground to pass 200 mesh 
and tried as a eeiiient. 



I 

11 

III 

Slag llesidue 

100 

100 

100 

Limestone 

80 

100 

120 
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AH the three powders behaved as good eements 
but No. .*$ was the best, its setting rate and liardness 
))eing almost that of a good Portland ('emeni. The 
eements on analysis gave the following eoinpo- 
sitioiis: — 


SiO« 

“ / O 

to 

27% 

aU(),t 

5 /r. 

-O 

7% 

CaO 



««% 

Mg() 

2.5% 


;i.6% 


Kxperiments were, also tried by using this slag 
dire(‘tly in eombination with aluminous Jaterite eon- 
taining about AbO.j and limestone in proportions 


such as 



1 

11 

Ill 

Slag too 

100 

100 

Aluminous latcrilc (>0 

SO 

120 

Limestone (iO 

80 . 

100 


to give aluminous crments. 


'I’lie procedure followeil for firing was as des<*rib* 
ed before but in view of the very r»*fraetory nature 
of the bateh, a slightly higher firing temperature 
namely 1 1.5()°(! was us<(l. 'Fhe prodiud obtained 


allowed good eementing properties but tlie results 
obtained were not as encouraging as in the case of 
Portland Cement from the slag residue. Two other 
slags which were nut highly aluminous but contained 
large percentages of iron oxide and silica were also 
tried in (combination with limestone and bauxite^ 
the resulting cements being rich in alumina as w'ell 
as iron oxide. One of these slags contained even 
as much as nearly 25% FeO and Fe 20 » taken to- 
gether and the cement obtained from this contained 
about 38% alumina ,n% Fc^O., and 35% CaO. But 
in all eases the products obtained from these two 
slags were very poor in strength and liad cxtremtdy 
slow setting rates. 

In the Bayers process, most usually employed at 
present, bauxite is treated with NaOH solution of 
nearly the same strength as recommended above and 
the treatment is done in autoclaves under j)ressure 
and it lasts for about 8 hours. In the above, the 
treatment is for a much shorter period and at (»rdinary 
jiressure. The high }>ercentagc of lime prevents the 
attack on Silica during treatment with NaOII. In 
the Bayers Process lime has to be intentionally added 
to prevtuil the silica using up a [)art of the alkali. 

The subject of this paper forms the basis of an 
u))plication for a paltnt by one of the authors. 


Cotton in Roads 


(’. K. Kverett in const ruction for January J.U3.S 
poinls out that cotton fabric reinforcement for bitumin- 
ous surfaced highways is one »)f the most interest 
ing as well as ])romising developint'ids in high way 
engineering. Particularly in the light of this season’s 
all time record cotton crop the South may benefit, 
as every mile of “ cotton road ” absorbs in fabric 
the equivalent of from 8 to 10 bales of cotton. The 
acceptance by highway engineers generally of the 
fabric reinforcing technique! received its greatest 
impetus early in iy,Sfi. Since then nearly 000 miles 
of “ cotton roads ” have been built in more than twenty 
stales and the principle has been adapted successfully 
to not only the reinforcefent of bituminous surfacing, 
but of irrigation, .soil conservation, malaria control and 
other types of ditches. C’otton road technique brings 


to the bituminous '•urfaee Irealment of gravel-sand, 
sand-clay lop soil or ollu r earth type roads llu! rein- 
forcing principle employed in constructing main 
arterial highways. Laid directly over the prime coal 
and covered with anotluT application of asphalt ami 
crushed, stone, cotton fabric memberanc .supplies an 
almost indestructible bond and practically waterproof 
blanket between the road base, and top surface. Kss(*n- 
tial characteristics are (1) a tensile strength of 25 
pound.s or more in both the warp and filling material 
(2) an openness of weave! to pennit a satisfactory 
bond between the prime and cover coats of tar and as- 
phalt; and (3) a soft twisted yarn to absorb. sufficient 
bitumen to insure the fabric's preservation in the ground. 

Jour: Frank, Inst. 
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Mutual Inversion of the Stark Levels of six- 
co-ordinated And four-co-ordinated Co*" -ions 
in Crystals 

The ions and (V)*^ ocenpy ailjaccMit places 
in the pericnlio lahic and both aro ifi F— statfs 
\d/ and "F ros])e(*tiv(‘ly |. Still Ihoy rxliibit 
a strikin*? contrast in the anisotropies ol* their 
hydrated salts [Nickel cobalt •h)%|. This 

difTerontial behaviour has been very eb'j'antly ex- 
plained by Van VIeck l /*/».<;>'. Hew, ^/. 2()H, 1925) 
ill the follovvini? manner: raramaj»iietic ions are 
under the influence of strontr electric fields arising 
from the surroundin»' atoms or ions. This electric 
field splits the normal state of tlM‘ ion into several 
components just as in Stark Ftfecf, separation 
dependinji: upon the symmetry and streiijiHi of the 
crystalline fiebl. For a «'iven crystalline fiebl, which 
is ])redominanlly (Mibic in symmetry and w’hich 
has a srtiall rhombic component also, the Stark 
patterns are exactly similar except that tlu‘y are 
mutually inverted. One extreme level in the 
pattern is a ti^ijilet and the other a sin«b t. So the 
majiiietic anisotropy which is directly connected 
with tin* lowest level is necessarily greatly in- 
tiuonecd by this inversion. h\>r the hydrated 
Ni-salts (sulphates and selcnates) lowest level is 
a singlet, vh^le for cobalt it is a fiiplet and hence 
the difference in their magnetic behaviour. 

Oorter [l^htfs. Her., 427, 1927) has shown 
that the type of the cubic tb‘ld referred to above 
corresponds to an octaheilral arranjjemenl (d‘ six 
ncfrative ehar;»es (of H-^O molecules) around the 
paramannelic ion. if, on the other liaiid, the para- 
magnetic ion is surrouFided by four negative 
charfres at the corners of a tetrahedron or eij»:ht at 
the corners of a cube, the terms in the expression 
for the "potential of the fiebl, which refer to the 
cubic part, change siftii. The dispositions of the 
Stark pattern, thus, become reverse of those obtain- 
(‘d with octahedral symmetry, 'fhe result for 
t-o^+-ion for tetrahedral niTaiij^:emeiit w'ill be tliat 


the singlet levr*! will be the lowest and Ibc crystal 
will show little anisotrojiy. 

One may, thus, expe(*t to f*ct t<‘l raliedral type 
of tlistribution in salts in which (*o'’-ions have 
co-ordination number (in clicmical laimnajii*) 4 
instead of the usual t). Two double ehl()rid(‘S of 
(‘o with alkali metals are the solitary instaiiees of 
this type. X-ray analysis of (’s.4 ’oFI.-, by Fow’ell 
and Wells {Joitr. ('him. Hni., 259, 1925) shows 
that eaeh eoballous ion in the erysfal is snrronnried 
by four (M-ions, forming; a ttUrabedrofi with Fo*^^ 
at the eenlre, the fiftli (M ion standino; apart at a 
•>real(‘r <lisian( e. Aeeordinyly one sliould expect 
in thc.se ci-ystals the anisotropy to be small in 
marked contrast with sulphates ami s(4enates. 
Krishnan and .Mukei'Ji Imve r(‘ceritly shown [Phil. 
Tmns.. 125, 192S) that this is only b% in 
(*S;,[FoFl-. I and less than 5’,;, in Fs.[FoFl 4 ]. 
Tiny also found the \ery si^iiilicant result that the 
m<‘an susceptibilities of th(‘ <‘ryslals an* smaller 
than tliosi* of the (i <*o-(»rdinated doiibb* sidphates 
and selenates, and are nearer to ‘ spin oidy valiu* * 
— a result i)re<lict(‘<l frtmi Van VIeck ’s theory. 

The arjiumeiit aj^aiiist this mutual inversion of 
Stark levels may Im* that (I ) the (FoFl,) •'roups may 
have perfectly regular tetrahedral structure and 
the rhombic component of tin* fiebl may be totally 
ab.sent, ])nt tliis is Iii'rbly impi’obable. (2) The 
diflVrenl (FoCi,) •'roups that ai’e [Fi’esent in the 
unit e<*ll may be orieut4‘<l relative to one amUber 
in sueli a manner as to form isotro])ie combina- 
Funis; the low mean susceptibility of these as 
obtained by Krishnan and Mnkerji does not 
support Ibis ])ossibili1y. 

—X. F. Dfb. 

Dissociation Energy of CN Molecule 

The ehief obstacle to any direct dcterminulioii 
of the dis.sociation energy of FN molecule 
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lit’S in its cluMnicjil in.stal)ility. Tims 1lu‘ 
iiivIIkhI h.y o])S(‘i‘vin‘»* {ihsnrptiofi contimui or 
thjil of (‘Itrtroii rould not ho succtss- 

fiilly jij)|)li(Ml in this rjisc. Tj) till now this wns 
known t}ironj»h onhnihit ion only, in nn iinlirert 
w;iy, utilizing- tin* dissorifilion ciirrjiy of CO in 
ronjinu'tion with oilier tli(‘rnto(*lK*Tni(*al data suoh 
as ('omhuslion and heat of dissociation of eyaiiojreii 
etc. K. Selniiid. h. (leni, and d. Zenipleii 
have recently shown lliat ev<-n for such unstal)le 
nioh‘cnles dissociation limits may often he ohtained 
with success hy ohsm'vin*'' th(‘ perl nrhal ions found 
in the hand spectfiim ^iviui out hy tlie molecules 
(/Voc. riufs. Nr>r.. of), 2S:k 1!):1H). The method 
(M)nsists of findinj; convei*y,<‘nce limits of diatomic 
moleciilai' slates hy means of |)erturhations caused 
hy conver^in**- states on other . states of the 
molecule. 

The spectrum of CN consists of two hand 
systems only, involving three <lifferent electronic 
stall's X'i!,, A'Ml and 'I'he hand system aris- 

iim Irom th(‘ transition lies in the red 

and that Irom the to X“l5i lies in the vioh't. 

It is estahlislied that the more important p<‘r- 
turhations ari' caused hy the A"II state. Aided hy 
the p<»sitioiis of tlu' pert urhat ions the investigators 
eould advance up to the :K)th vihrational set of the 
‘II stall' when they ohserve«l thi' m'i^dnal vihra- 
tional freipicficy, and that the rotational constant 
considi'rahly <le(M*eascd- a sij^ri of closeness of the 
eonvei'j^ence limit. 

liy com pari 11 the vihrational sets of the 
and A“II states, they showed that their conver- 
ji'enci^ limit should lie very near to;«ether, and that 
of the IV-i; should he ahout d.ti e. vi'lts hiji;her. If 
X‘i: (e o. j o) he ealleii it 0 it is found that the 
converjii'iice limit of X“i: is (ilOOO.i 1000 <mii ', that 
of the A’ll ahout (iOoOOj, 1000 cm ' and that of IV-v 
ahout Ik)o00-±l000 cm '. On this basis the corre- 
lation hetv.u'cn Cl X and (\\ levels is found as: 

-X’CDj I \(-|)): A=^JI ,, -> 

r{T) ami , - >C(-S) i.XfS). 

Thus the dissociation enerjiy of the CX molecule 
into C('S) and Xt\S) atoms comes to he S09 eV. 

— N. C. Ihb 


Discovery of llie Femur and Humerus of 
Sinanthropus Pekinensis 

In NnlurCf April 2, IDJW Prof. Weidenreich has 
aiinounced the discovery of two frajrments of 
femora and a IVajiment of humerus of Simnthroifus 
Finnish from locality I at Choukoiitien. 
Several fragments of an ad\ilt female skull have 
already heen recovered and described from this 
site. 

Boih the two femur fraynients are comydetely 
fossilized ami luinil. The exi.stene.e of a distinct 
])ilaster and a wel]-deveh)j)ed tw()-li])ped linea. 
aspera demonstrates its actual human form. The 
total length of the mor(‘ or less complete 
femur has heeii estimated to l)e 400 mm. 
Platymery is ju’oiiounei'd tliroimhout the entire 
len!*th of the femur and the Very fa.int 
<‘urvature at the lower (*nd of the <liaphysis and 
the narrow(‘sl transverse diamet(‘i' at the lower 
end are the ehic'f eharaeterisl ies of the femur. 
Tlie femur <lirfers from the Xeandai’thal j^nmp hy 
the stoutness and the narrowest transverse dia- 
meter at the middle of the sliaft of the latter and 
<d!ier peeidiarilii's. The Sin((uthroiius femur 
differs wi<lely from those of the apes and specially 
from that of a yihhon also. 1'his discov(‘ry has 
shed some new liyht on nthn((uHiro}ms. The 
latter femur diffci*s from the Xinanfhnipns om* 
(‘xactly hy those feature's hy which it dilTers from 
modern man, and Wi'idcnreich is of o])inion that 
the Pi(ln<(fu(hnif>us remur lias no relationship 
with the skull cap; the femur is to«) stronj*; and 
too lon<r for so small a skull. The Sinnnthntfjns has 
already altaineil an (*reet p(»stuia', and the iK'iylit 
calculated from the femur ai)proximates 5 IVc't I'm' 
females and h feet 4i inches for males. This 
ho’uinid was a eannihal. 

The humerus presents well <levcl(»pe<l muscular 
impressions, sj)e<*ially of the deltoid, pectoralis 
major and teres major ami the ed^edike eharaelers 
of the hordei* indicate that the limb was used in 
yhe same manner as in I'ceeut man. Both the' 
femora and the humerus helouf*’ to the female sex. 

Weidenreich ’s view that Simtnthyopus^v\oi>v\y 
approaches man thus receives an additional support 
from the above discoveries. 

—X. X. XurAv//’ 
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University and Academy News 


National Academy of Sciences, India 

A »>1‘ tin* Natioiuil AiNidniiy of ScioiK-os. 

India, was lield on 29t]i Alaivli, 19d(S. Prof. I). K. 
llhaltacliarya, V'icc Presidcnl, was in the cliaii*. 

TIu* ivaolutions moved h.y Prof. Al. 

N. Saha wore unanimously ])asso<l: — 

1. Thiit the j^ovcMinu'iil is 1o :t|>|)(iinf a 

coininittrc consisliiift of rininriit la\vv(*rs, scionlifii- t*\|»t*rls 
iiiul l•e|>l•ostMll»vtiv^•s of iinhishy to s1u«ly llu* jui'simO 
elirtrieity act ainl to rn'ormueml in'rrssajy lcj*i.slnlioii 
reqiiinMl to iiationali/f tin* j;(*ni*ratioii iiiai <listril>iitioii of 
«‘h‘rlri<'ily with a 1<» tnakc the supply of cjirlriral 

power in these pro\lni'es rheap au<l alnitalant. 

li. Tliaf tin* a<o'eiMiMeiil is rejpjestrd t<i selerl a laMl\ 
of 1“ l‘hysies :itiil eleel rical aial elaMuii'a! 

(‘iijriiurrinjj to study the m(‘tli<als of (-oust i net ion <tf 
Ptiwer Station uiul the or^ani/ation of j;'eneration and dislri 
tuition of ideetrieal iMiei}»y in foreign (•<uintri(‘s like I0nj;land, 
Ifussia and Swil/.erhnid. It is desirable that the tiody 
should etinsisis (if an exp<*rl and experi<*need ele*drieal en;;i- 
m*ei‘ who will be in eharj'e of a batch <n! a number «»f 
students to study dilVerenI aspects of the <juestion,i.r., two 
for sludyinn' const met itmal «lctails, one for study inj^ tlic 
methods of distribution (d' el<‘<‘t rieity, oiu* for stndyitij;; 
the (‘eoiiomies of production and dist ribnl ion, and others 
to study industries whicli are absolutely dep.iidenl on 
ch(*ap sii[)ply of (deef i i«-ily. 

That the ^o\<-rni('ent is rt'ipiesled to ap|)oini a pi-nna- 
nent. ])ody called the “ Power Snrvc*y amt Uesearch 
Insliluti* ” to study I lie natural s(niices of power exist iiij» 
within or in the neiyldionrhood (d' tin* province. 'I’he person 
in charj;'e of the above body should be a eompideiil elect ri 
eal enjijineer with experience and knowledp- of the dilfereiit 
branches of s<*i(*nce Pliysics, Puel eii^im’eriiijf, ITyilro- 

eleetrie. engineering, wlTadi are recpiired for sucli kind of 
survey wink. 

I. That the National Academy of Sciences, India, will 
be pre]inred to furnish details with ref»*rence to the reso- 
lutions meiitioiied above. 

0 . That the National Ai-ailemy of Sciences, India, 
notes with regret tliat the (loveniment of the Pnileil Pro 
vinees, while appointing an Kleetricily Committee, did not 
eoasider if neees.sary to ask this Academy to nominate a 
specialist to serve on the said (Committee. Uesolved lurtlier 
that the Governnienl of the Pnited Provinces be requested 
to consider the advisability of associating represent alive or 
representatives of this Academy with all those investigations ^ 
in which scientists can make useful coni rihnl ions. 


li should ho iiotml in this coiiiicclioi) that at 
Iho timo of Iho auiiual meolitig of Iho National 
Aoadomy of Sciouoos, India, a sytn|>osium on the 
])i*ohlem of “ Power Supply in the riiitoil Pro 
vinoos ” was orgaiiizod on Alairh o, P.l.'hS. A1 the 
eotudiision of the symposium Pandit .lawaharlal 
Nohru, wlnt presided, sfiitl that “ tin* (*\pefl 
seienlisi is not always a lielpful person. He d(u*s not 
realize that things to In* pnt ln‘fore the (lov 
eminent must he d(‘fini1e and must he related to 
what isaetiially happening.” In moving Ihest* rt*- 
solntioiis Prof. Al. X. Saha referred 1o tin* remarks 
of Pandit Xi'hrti and said that hy jiassing th<‘se 
n*solnlions the A(*ad(‘my would meet the erilieism 
and also pnt some eorn'rete ])roposals before the 
(loverniiM*nl of Hu* Pniled Provinces, proposals 
which if given effeel to would render power in 
India elieap and ahnndant. and thus l<*ad to the 
development of iiidiislries on sound lines. 

The following papi*rs were r(‘ad and 
iliscussed : - 

J. Dayal On a new species of the genns .\stio- 
trema Looss i 1901 ) imm the inlestiin* of a fresh 
vvater tish, ('hiritfs batnuhus. 

AI. .Mnlnssalam On the oeeiirrenee of Skrja- 
hinema ovis (Skrjahin, Plir)) in India. 

AI. A. II. Siddi(|iii -The 0(‘nilo Trinary system 
of the Indian ground sipiiri’el { Finnnnhulus 

Salya Pi-akash and S. P>. Dntl Ooloiir and 

chemical constitution of the oi-ganic and inorganic 
salts of l)i-i)henyl vioinric acid. 

V. L. \'crma and S. H. Dull ( ‘ondensatiou of 
di-])hcnyl tliioharhitnric acid with aldehydes, 
quinones and nitroso compounds, Indigoid iiy(*s 
derived from chrysoquinone. 

Indian Chemical Society 

An ordinary meeting of the Indian Ohemical 
Soeiety was held on Tuesday, Alarch 22, 1908, at 
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5 :^0 p.in. ill the (’hcniislry hcM'tiire Thenfre, I’ni- 
versity ('nllej>e of Seienee, (^aleulta with Rev. 
Father J. Van Neste in tlie eh air. 

1. The fol lowing j»entl(*nien were a^lniitteil as 
Fellows, their sul)seri|)li<ins havinf>- been reeeive<l 
for the first tini(‘:- 

( I ) Mr S. »S. (’owlaj^i, ( liouibay) ; (2) Mr A. (\ 
Kothenh(‘iiii, ( lloiiihay ) ; (2,) Frol*. Md. Qiidrat-i- 
khuda, (Faleiiltaj. 

2. The r<)ll()winj»’ j»(‘ii11eiMen were elected as 
Fellows by ballot. Dr S. (Jhosh and Dr A. (‘. Sirear 
aelin^- as send a tors : - 

(I) Siidhindra Nath S(‘n ; (2) Sainarendra Nath 
Mitra; (2j Arabirida Majunidar; (4) S. N. 
Mukherjee; (5) ,|. F. Das (lupta; (G) JI. K. 
Aeharya ; (7j Syed Dashir Ali; (S) lb Miikher- 
jee; (9) Dr v\. K. Domnitz; (10) Prof. N. li. 
Vidyarthi; (11) 1\ N. Daj»ehi; and (12) N. Datta. 

2. Dr UMia])rasanna P»asu, D.Se. delivered a. 
leetiire on “ Mineral Kleinetds in Nutrition. 
Dr lb F. (iiilia and others joined in the* diseussion. 

Royal Asiatic Society of Bengal 

An ordinary nnudhly meetinj; oL* the Royal 
Asiatic So<'iety of l»en‘»al was held on Monday, the 
41 li A|>rll, 192S, at 5-20 p.m. 

'Phe l'olh)win}'' candidates were balloted Tor as 
Ordinary Meiabers 

Mrs N. F. Sen (Mrs Mrinalini Sen), (Falcutta) ; 
Janies Anderstin, (Falcutta); ami Mrs K. Fhau- 
dhiiri, (Falcutta). 

The following- paper was read : — 

Siddheswar Varnia The Dialects of the Kha>^ 
ali (Iroup. 

The following exhibits were shown and com- 
mented upon; — 

(1) S. L. flora — Aerial vision in fishes. 

(2) F. S. Fox- The JIangala Meteorite. 


Botanical Society of Bengal 

The Second Annual (leneral Meeting of the 
Society was hebi on Wednesday, the 22rd February 
at 5 p.m. at the Botanical Laboratory, C.^alcutta 
I ’niveisity. 

Prof. S. Mahalanobis, President of the 
Society, tcjok the chair. 

The Secretary presented the Annual report. 
The number of ordijiary members increased from 
fib last year to 77 at the present year. 

The six Ordinary Ocneral Meetings were held 
in which pai)ers wert‘ read by members and dis- 
cussions held. 

The Society is now considering the steps io 
be taken to start a journal. 

On the oc<*asion of the Silver Jubilee Sessi(»n of 
the Indian Science Fongress, the Socicly orgau'sed 
an exhil)iti()n ami Fonversazione ami a lunch at the 
Oraml Hotel to meet the foreign delegates ami 
Indian Botanists from outside Bengal 

The Society is organising a branch of the 
Society at Dacca. 

2’hc following were elected otifi'ce-bearers : — 

/*r(si(l(nt — Prof. S. (\ Mahalanobis. 

Vivc-Pnsidenifi — Prof. S. P. Agharkar; Mr S. N. 
Bal ; Pri)f. S. F. Banerji ; and Prof. S. K. Bose. 

7’n7/.s*n//Tr--Mr 0. P. Majumdar 

Sfrntarirs — Dr J. Sen Fupta; and Mr A. K. 
Ohosb. 

Vinimil Mcmhi’rs — Prof. 1. Banerji; Dr K. P. 
Biswas; Prtd'. H. K. Bhattacharyya ; Prof. A. T. 
Das (lupta; Prof. H. K Datta; Dr S. Hedayetullah : 
Mr W. Meiklejolin ;Prof. S. P. Nag; and Dr S. lb 
Sen (lupta. 

Society of Biological Chemists, India 

In a meeting held at Bangalore on March I. 
1928, the following papers were read: — 

(1) lb Sanjiva Rao and K. S. Subramaniain 
Essential oil from Ilcmidescus Indicus (Indian 
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Sarsaparilla) ; (2) K. V. (liri and N. S. Doctor- * 
The use of Pyrophosphate in the determination of 
Vitamin C content of plant and animal tissues; 
(3) K. V. (liri -Spectrophotometric study of a new 
colorimetric method for Vitamin and (4) i*. N. 
Acharya— Interference of soil in the estimation of 
cellulose. 

A lecture was delivered on Some Kare 
elements in nutrition ” hy Dr V. Suhramanyafi. 

In a nieetinfi; held at Indore on March 14, 193S, 
the following papers were read: 

(1) V. 1). Wad and L. N. Desai--Variation in 
seed composition of er(»p plants^- Part I. Intluence 
of soil and climate; ami (2) V’. (I. Pause -Ap- 
plication (d‘ statistics to biological experiments. 

In the Jtoml)a.v meeting of the Society held on 
March 17, 1938, the following papers were read: — 

(1) \^. Pi. DiUslut - the formation of acetyl 
choline hy the tissues; and (2) N. Patwanlhan 
and U. (1. Dilitre — Tlie elTect of hypevvitaminosis 1) 
on calcium and phosphorus metaholisiii in (he 
albino-rats. 

Geological, Mining and Metallurgical 
Society of India 

The third ordinaiT general meeting was held on 
March 3, 1938 at b 15 p.m. in the Presidency 
(.^ollege, (Vilcutta, with Mr D. N Wadia in the 
chair. 

The following papers were contributed: — 

(1) B. D. lloy--Kconomic (leology of Paiichet 
Hills; (2) B. (J, Deshpande -On the (leology »>f 


Vengurla Peta; (3) P. K. Dhatterjeo On the 
Oeology of Khiirda and its neighbour]ioo<l ; and 
(4) N. da.varaman and K. H. Krishnaswami On 
a new Titanium bearing mineral from \ellorc. 

Indian Mathematical Society 

The tenth (Nmferenee of the Indian Mathemati- 
cal Society which was held at Lucknow on March 
15, lb, and 17. 1938, was opcn<'<l by Pam lit (1. 
Pant, Premim* t>f the I’nitcd Provinces. Dr It. P. 
Paranjjiye, \'ic(‘-(3iancellor, Lucknow I'niversily, 
was the Dhairman of the deception ( ’(mimith'e, 
and Dr K. VaidyanathasAvamy President (jf th<‘ 
DonferiMice. In his address Dr Paranjpye em- 
phasized the n(‘ed for a detaibal scheme of work 
in the history of mathematics in India ami 
ob.servi'd that as tlu‘ Indian M.'ithemalical Sticicly 
was pre-'iniiu-ntly tilted to make authoritative 
investigations in this ticbl. it should imnuMliately 
start the work. I besides some 40 papers on various 
triples in matliomatics whii'h were read in the 
conference, an interesting symposium on the 
“ Kelative Merits of Kinstein’s and Sulainian’s 
Theories of (Ir.avitation ’’ was held. Tlir(*e popular 
lectures were delivered : (1) “ Th(‘ Tlieories of 
(Iravitation by Sir S. M. Sniaiman; (2) “ Stars 
and (lalaxies by Prof. A. D. Banerji; and 
(3) “ Properties of Numliers by Prof. T. Vi jay- 
raghavan, who also gave a brief address on 
“ Tatiberian Theorems.” A select committee was 
elected to report on the systemi/.ation of research 
on the history of mathematical development in 
Imlia which will be submittt'd to the Dommitti'e (d‘ 
the Indian Matiumiatieal Soei(‘ty. The conference 
which was a great sueee.ss was attended by dele- 
gates from practically every jiart of India. 
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SKMr MU Ho (ii’Ai.iTATiVK Anai.vsis, /)// Carl. ./. Ktlffel- 
der, Ph.D.f TohUis //. Duukt'lbenjcr, Ji.S., l/iii- 
vrrJfif// of P'ltishiirtfht tind JVillienn J. Srhillrr, 
Pli.lh, Mount Mi'rvif CoUvffc, PiitsJiuufh. ('lath; 
(ly*.); pjt. .V I .Jfto. John ff'llrj/ S(nis.» Inc.t 
W'lC* York, ('hfiinufin iV 1 1 all ^ Llmilrd, J^nndon., 
lU-jfi. Price Us. t>d. 

SKMi-Mi(K<» (^i amtatim: Anai.ysis, h}! Paul Arthur^ 
PhA)., Assisfunt of ('hcmisirif, and Otto 

M. Smith, PhA)., Profcss(n' of Chemist ri/, OlAa- 
homa .Ifiricnltiiral and Mcrhanical Collctfc. Cloth; 
.'7.]X.V; pj). i US. Mcdraic 1 1 ill Puhlishinf/ 
Companif, lAd., Sne York and London, UAS, 
Price 

iii(‘lh(nls of (|iiaiililaliv(* analysis 
have hc'cii liij^hly i‘(‘finc(.l dui’inj^' the last several 
«l(M*ail<‘s a Fid liav<‘ yielded v(»i*y valiiahio resuHs 
ill till* liainls (d* (‘xpcrifiK'cd r(*s(*aivli wni'kcfs, hut 
tludi* ns(‘ h:;s hi'cn (*unfiii(‘d to very limitc'd iiidds 
due to tli(‘ Tael that th(‘y iuhiuIit a hi^li oT 

maiii|mla1 ive skill an<l l<M*lmi(nn‘ as well as vihi'a- 
lionless Iahoi*atoi‘ies. Hcniee, the eonventional 
iiia<M'(i iiictiiods ai'e Ixnn^; used throuKhont tlie. 
woi'hl for yiMHM-al lahoi’atory work. However, 
(hirin'^- the last d(‘eade, some laboratories liave 
l)(‘en stmlyinj; the possibility (d! iisiny- tlie ‘ droj)- 
i*eaetion ’ met lewis in the systematie teaehin^' ol' 
(pialitative analysis and have evolvi-d out the semi- 
niiero methods ol’ analysis whieh occupy an inter- 
m<?diat(i jxisition bet\ve(*n th<‘ eonventional iiiaero 
t<*chni(|ue and Hk^ hij^hly specialized ndero 
methods. 

The s(‘mi-iniei‘o seliemes of analysis discussed 
in the aliove two books are littb* dilTeiumt from the 
eusloimii'y macro i)i*oeedures ; only the lechni(jue 
and a few of the reaj»ents liave been elianj»:e<I. 
Henerally, organic rcajivnls are use<l for pui*poses 
of eoidirmatory tests only after the sepai’alions 
have been ma<le ami the preliminary inorj^anie 
tests run for the ions. The advantages claimed 
foi‘ the semi-mici‘o methods of analysis ai’e; -(1) 


the operations are eoidincM] to drops, or, at most, to 
one or two mils of solution; (2) lower expense 
to thestmlent; (2) increased accuracy ; (4) j^reater 
skill and respect for (deanliness; (5) j»-reater speed 
and sensitivity. The equijmient required is very 
simple and can be assendiled in any laboratory 
with the help of a j»lass -blower or can be i)urchased 
at a liltl(‘ cost with the exception of a hand eeidri- 
fuf*‘e wdiich <‘an be pui'chased at about Rs Ui/- 
each and can be used ])y two students. 

'fhe procedure advocale<l in the book by 
Hnwidder cl ol has bei'ii used in the IMiarmaceuti- 
eal laboratori(‘s of the lk‘nai‘es Hindu University 
wiili success, 'rhe com*se is i»rfere«l to the (ii’sl 
y(*ar students who join tln‘ l)(‘paiMmenl of Uharma 
(culics aft(‘i' jiassiip^ tlieir l.Sc. examination and it 
has been found that the tiim' taken in analysing*' 
substances is about 7(bS0';;, of that recpiired in the 
macro schemt‘s. The te<'hni(iue is acquire<l with' 
out any diflieulty in a few weeks and llu' cost to 
the department is a \ei*y small fraction of that 
i*e(|uii*ed foi* the maci*o proeeduJ'es. The breakage* 
I0.S.S is also insignilicant as eompai’cd with that of 
the macro scluMut'S. Tin* seMui-mici’o methods ai’i* 
ieleally suitexl t(» the* Indian conditions and will 
mean a great saving to the institutions. 

Tlie iScmi-micro Qnolilalirc Analjjsi.'i by 
Kngelder, l)unkelbei g<*r arid Schiller embodies both 
theo.y and practice of (lualitative analysis. It 
is divielcd into four parts. The first paid deals 
w'ilh fundamental principles of qualitative analy 
sis and eovcirs 92 page's. The phenomena of 
ionization, solubility product principle, oxidation- 
reduel ion reactions in terms of valence and elec- 
tron transfer, reaction velocity, Jaw of mass action 
ami of chemical equilibrium, fractional precipita- 
tion and the theory of sulphide precipitation, 
hydrogen-ion concentration and buffer solutions, 
amphoterism, the distribution ratio, elcctro-chemi 
cal theory of oxidation reduction and the .structure 
of compounds including the Werner theory of 
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valoii(\v and (Mu'lati* coniponiids art? disciisstMl atU‘- 
(luali'ly with sprciid iTlVrt*n(*t‘ lo (lualitalivr 
analysis. TIu* jjiii<lanu‘ntal tlicory, n‘a(*ti<ins and 
snparalinns of flu? macro s<‘licmo liavo not Iktii 
sacrificed hut have heen shown due coiisi<lcraf inn. 
Part II deals with the reaetions of the catitms 
and covers Th i)a}^es. 'Hie reactions of the cati<ins 
of each of the five “roups are clearly explained am) 
etpiations f^iven. A iarf»:e number of supplement 
ary tests are included and the paj?es art‘ replete 
with references lo the oriuinal literature. Part 
III deals with reactions of the anions and covers 

paj^’cs. Besides the inortfanic anions, oxalates, 
tartrates and acetates ar(‘ include<l here. (*hln- 
rates, hyiiochlorites, and citrates arc not inention 
ed. Part IV deals with the systematic .semi-micro 
methods of analysis of solid mixtures and covers 
29 pajies. Treatment ol* samjiles containing: ortia- 
nic. matter is not adnjuately dca'I witli. Dry 
tube test is not mentioned thoujih it “ives valuable 
indications re»»ardin“‘ the \n‘esence of certain 
constituents. 

The us(‘fulness of the b(»ok would have been 
increased if semi micro techniipie had been ex- 
plained in a little detail iiivin“ illustrations of the 
various operations encountered in the analysis. 
Some explanatoi'v notes on the analytical proce- 
dures in Part IN' would have helped sludmits in 
.ncttinjr an intejirated view of the theory of analy- 
sis. Problems on calculations of (|ualilalive analy- 
sis should have been included to make the book 
self-sufticient. 

The QunJihtHn Annhjsi.s by Paul 

and Smith is a slioi't ami conci.se book, (juite adapt- 
ed to the ne<*(ls of Pi. Sc. students of Indian univer- 
sities. It is not as exhaustive as the book 
mentioned above, but the semi micro techniuue is 
explained with illustrati<ms of a])paratus, some 
numerical probh'ins and other (jueslions are «iiv4‘n. 
ami Notes on analytical procedures form a vain 
able feature of the book. 'I'ln* theory of analysis 
covers only 55 pajics but eij»’ht paj^n*s are devot(‘d to 
modern tiusu’ies i)f (‘led roly tes and mention is 
made of tin* Hydronium ion, the Debyt' lliickid 
tlu'ory and ( V)-preecipitatiou phenomena. Chemi- 
cal eciualions represent iim' separations of anions 
are {fiveii at one place and those of cations are 
collected toj^ether at another place, lieaclioiis 


of ions are not discussed fully ami the orjianie 
acid radicals with the exi'cption of acetates are 
not tr(*ated at all. Ti’catmeiit of in.solnble sill- 
l)hides like those of llj*- is not sufticiently clear. 

In spit(‘ of th(‘ minor faults m(‘nlioned above*, 
the first book is suitabh* for honours slndetils and 
the s(‘cond book for pa.ss students of Imliaii 
universitit's. 

M. h. S. 

i’llK DitA.MA OK ('lIK.MISTKY, hlf SidlU'lf J . 

Assixtunl Professor of ('hnnisfrtf, (\tl<f(ilr l/ui- 
I'i'i'sHif. The I'nh'crsiiii Socictfi, hic., .V/'te Yorh' 
('ill/, I'htT. r/of/j; pf). 7'b‘ I I7(i. ll.i fn/s. 

('htjpman iV Uall, Ltd., London. Price J/s. fid. 

TIu Pronift of ('luinislrff is the most n’C(‘nt 
volume of th(‘ I'niversity .serit's, the pni’pose* of 
which is ‘ to present, in an attractive form and in 
i\ coneis(‘, rea<lable style, the truly amazin'*- story 
of tin* lif(‘ of mankind an authoi’itativc survey 
of th(‘ physical and .soi-ial science's, history, philo- 
sophy, literatui’i' and the arts.’ 'Phese books an* 
not intt'iided to be textbooks, and confnsin“- d(*tails 
are avoided. Tin* pn'sc'iil volume is the fascinat- 
in“- story of chemist ly stai’tin^^ from tin* pre- 
historic p(‘riod and covt'rin^- evi'U tin* modern revi- 
sions of tin* dissoeiatiem tlieor,N, |)olar m«»h'cul(s, 
syntln'sis of vitamins and hormones, in an easy and 
understandable .style. 

The book is ilividi'd in ti'ii chapters as 
follows:- (1) Karly Histiny; (2) The awakenin**- 
of (Miemistry; (.*1) 'Pin* chemical Revolution; 
(4) The Bra of Bmihricism (51 'Phe Theory of 
ions; (fi) Structui’c of Atoms and .Vbilei'ules ; 
(7) Drjianic and IViolouical Dhemistry; (S) (’In*- 
mistiy and Civilization; (9) 'Phe Phemist and his 
Work; ami ( H>) The Puture of Phemistry. TIn'n* 
are sujr^estions for further readiim', a “'htssary of 
some of the terms, and an index. 'Pin* book is 
replete with illust rat i»ms and li“ur(*s of most (»f 
the ohh'r and the model'll chemists and physi<*ists. 
This makes tin* volume viviil ami livint*-. Kvery 
slmh'iit of science* should rea«l this volume, which 
is a iiioviii”- drama, risin^^ from clim.ix to elimax 
as it sw(*eps alon**' with inci'easin“‘ tempo and 
throu“:hout this di'ama, theiu* runs a constant re- 
frain, the atom. The book is intelli“:ent and stimu 
latin^:. 

—jy. L, S. 
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I The Ediinr is not responsible for the views expressed in the Letters] 


On the Re^Utivity of lliln Filiim of nfetal 

The well-known phenoimrnori of the increase of resisti- 
vity of metals as tfst-samples, wlien they are nuule into thin 
films, has hectj expIaincMl on the* assumption that by reason 
of the extreme nearness of the bonndin^^ surfaces to one 
another, the f ecjueiicy of collisions of the electrons with 
the walls greatly increases, and as such, the eflective value 
of mean free path - A) is very much diminished as 

compared with its value in bulk-nietal With this sUj»ges- 
tioii ori.i'inally ma«ie by Sir J. J. Thomson, and under the 
assumption that collisions at the houndiii)' walls are inelas- 
tic, b.e., the an»Ic of emerjuence after collision is (ptitc 
independent of the an,tjle of incidei.ee, I^ovell * has cahmlat- 

ed the elTeclive ot.f.J) hlms whose thickness is a small 
fraction of tlie tn.f.p bulk-metal, the expression obtain- 
ed beinj^ A -/(I i-Iu<r If).,, (I) where f is the tlrokne.s 
of the film. In his derivation, the electrons are supposed to 
sufTer collisions A\ilh the boundinjLf walls only, and not in- 
si«le the body of the metal, Uetaininj( the assumption of 
inelastic eollisit>ns at the boundary, a still more accurate ex- 
pression can be <lerivcd by takiii^^ collisions inside the 
body into aca'ount as follows: 

Choosin;^ any p )int on either boundary as ori;^rin, if we 
consider the clirectiou 0 , where 0 is the an^jle 
the direction in (juestioii makes with t ( for ligure vide 
Ref. I, fot!. cti. p i|Lje .125; the maximum separation of the 
boundaries alon;/ is t/cosff. Introducing now from the 
kinetic theory of the well-known results of distribu- 

tion of free patlis, we can see that of the electrons starling 
from any point, say the origin, between 0 and 0 \-(f0 { the 
number of which is proportional to Sin 0(/0)^ the mimber of 
electrons with free i>alhs betwanm 0 an<i .r (a~f/cosO) t'i 
proportional to 

X 



o 

and the nutiiber of electrons with free paths exceeding .r 
a 

r I - •<■/■* 

j e r/.r. 

Then observing that for the last group of electrons, the free 
path is t/cosO only, the effective mean free path is 



. 1 ' 


where after the integrations within the parenthesis having 
been performed, the integration witli respect to 9 is com- 
plete<l with x being put equal to </cns 9, and we obtain 




The expression (5» is not only more accurate for films 
thin ill comparison with A, hut it will also be valid for any 
thickness. For it may be siipposeil that the final electronic 
density in the metal is brought about by shooting the elec- 
trons one by one in a perfectly random manner through 
the boundary tow'ards the interior of the metal. It can he 
seen that for 

/ — 0, A' -- 0 and for /—*/:), // ■■= A so that if is the re- 
sistivity for bulk metals and lliat for a sample of thick- 
ness t we must have, since o varies inversely as A, 



It is clear that given A and resistivity for any thick- 
ness can be calculated or given and can be deduced. 
Knowing A, again il is po.ssible to make an estimate of free 
electron density in metals. 

In the following table, a comparison of Lovell’s experi- 
mental data for Rb with those computed from (4) is 
presented. The value of A has been calculated from Drude 
formula as modified by Fermi-distribution, on the a.ssunip- 
tion that number of electrons (n) per atom is one. 
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T = r0*k, A=!2580A. 



t in A 

90 

80 70 60 50 

40 

35 30 00 

ft X 

(experimental) 

11.9 

13.0 15.0 19.0 22.9 

28 

38 1.97 1.97 

ft X 

Theoretical 

14,8116.1517.91 20.123.1727.36 30.27 33.96 .. 


It would be seen that experimental values are systemati- 

o . 

cally too low except at and above t - 30A in which ref^ion 
the films beinjf unstable, a formula derived under the above 
conditions may not hold. It is interesting to note however 
that a choice of A is possible which ensures very close agree- 

o 

ment over the entire range from f=30A to f = oo , Such a 

value of X is 19(X)A. If how'ever this value of A is substituted 

2/3 

in modified Drude formula, e. g , A ( A: is ex. 

pressible in terms of e and h ) the number of free eletcrons 
for Rb exceeds one per atom ; but there is evidence* from 
other ((uarters to show that free electron density is rather 
smaller than, far from exceeding, one per atom. It would 
seem therefore that either the above values of q and t are a 
little too low or the theory requires further modification. 

Indian A.ssociation for the 
Cultivation of Science 

210, Bowba/ar Street, B. Mukhopadhyaya. 

Calcutta. 

22. 3. 38. 

1. A. C. B. Lovell, Froc, Hoy, Soc. A. 157, p. 311. 

2. “Refractive index nf thin films of Potassium”, B. 
Mukhopadhaya, Current Science, July 1934, S. Also C, 
Zener's (Nature, 1S2, 968, 1933) explanation of the trans- 
parency of alkali metals above certain critical fiequency 
requires for closer agreement with Wood’s experimental 
values that n be less than one per atom. 

A Note on the Possibility of Titration 
^of Daboa and Cobra Antivenene in vitro 

Lamb' was the first to attempt the titration of (Cobra) 
antivenene by precipitation reaction. He came to the con- 
clusion that there was no relation between the potency 
determined by animal experiment with that determined 
by precipitation reaction. Ilis results were however 
contradicted by Calmette and Massol,* who recorded that 
>t was possible to determine the potency of antivenene by 
precipitation reaction. 


Recently Mallick* tried to iletermine the potency of 
the Kasauli antivenene by ilocculatioii test and failed to 
confirm the results of Calmette and Mas.sol. We also 
studied the flocculation reaction of nntivenene agaimst diff- 
erent protein fractions separated from cobra venom, and 
found that the flocculation reaction occurs with a protein 
fraction which does not contain the cobra neurutoxin. 
Therefore Mallick’s and our results are in agreement with 
the observation of Lamb that the piccipitation reaction 
cannot be itsed for the in tniro titr.ilioii of antivenene 
against cobra venom. 

\Ve next tried to tritrate the jmtcncy of the Daboa 
antivenene by flocculation test. The results which we 
have so far obtained appear to be fairly satisfactory. 
Of a series of tubes containing Daboa venom and anti- 
venene in different proportions, the one ermtaining the 
balanced mixture was found to develop a greater turbidity 
than the others. The results obtained from four different 


TABLE I. 


Number of the 

1’ o t e n r y 

d e t e r in i n e d. 

antivenene sample. 

By anim.'il experiiueuts. By turbidity test. 


* units per c. 

c*. • units per c. c. 

1 

180 

175 

2 

320 

iOO 

3 

318 

285 

4 

680 

007 


(Concentrated) 


* One unit is equivalent to one in. 1. cl, 

samples of antivenene, very kindly .supplied to us by Col. 
J. Taylor, Director, Central Research In.stitute, Kasauli, 
are recorded in table 1. It will be noticed that the potency 
determined by the turbidity measurements agrees well 
with that determined by animal experiments, Further 
work is in progress. 

Department of Applied Chemistry, 

University College of Science B. N. Ohosh. 

Calcutta. N. L. Kundu. 

20. 4. 38. 

* Lamb, Brit. Med. Jour., April, 2, 917, 1904. 

* Calmette and Massol, Ann. de Final. Past., 2S, 
155-lt>5, 1909. 

* Mallick, Ind. Jour. Med. Rea., 2S, 525, 1935. 

VlUiiiiiis B,- and B|-Goiitciit ol the Molaeeee 

The molasses has recently drawn our attention for its 
mineral content, useful in human nutrition. In the present 
paper an attempt has been made to find its vitamins B| and 
B, content according to the biological method of assay 
with young rats as modified by Ouha and Chakravorty.' 
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LETTERS TO THE EDITOR 

( : ) Two lots of (late-pfilin molasses (S. G. 1 . .?) procured 
iroin the local market were fed to young vitnintn-Bi and 
B, - deficient alhino rats respectively in 2 g. doses for a 
period of three weeks and the average weekly gain in 
weight was deterniined. From these data the corresponding 
units, as defined by Giilia and Cliakarvarty’, per 100 g. of 
the stud's were ascertained. The results are given below: 


TTiiits of 1 ’nits of 

vilainln B, vitamin B, 

Molasses (a) 2\.h 16.0 

Molasses (b) 24.3 17.3 


(2) A sample of sugarcane mol i.sses and another sample 
i^iKhejnr Fatali or solidified dalepalm molasses, in doses 
of 4 g. when similarly tested, furnished the following 
results : - 

Per 100 g. of the stuff 
units of Bi Viiits of B, 

Cane Molasses 10.4 2.7 

Khejur Fatali t<.7.S n 4*5 

To avoid any chance of fermentation the samples under 
invi'.stigation were preserved in the refrigerator during the 
lest period. It must be immlioned here that the sample 
of paiali was a genuine one prepared from fresh juiec in 
a remote village ((fopinathpur, Kushtia) and not the adul- 
terated kind available in the Calcutta market. 

From the above results it is clear that the palm inolasse.s 
is a good source of the vitamins B| and Bi and that in all 
kinds of gura the vitamin Bi preponderates <iver the 
vitamin B,. The unusually low vitamin values of the 
patali may be accounted for by its methoil of preparation, 
III our rural areas the first-class patali as one here tested, 
is made from the ‘sanjo ra.s’ or the fresh juice obtained by 
tap})ing the ilricd-up surf.ice of the peeled portion of the 
date-palm tree after a reasonable interval from the previous 
taiipings. As the cold winter night juice is preferred for 
iuch a preparation, this proce.ss naturally minimizes fermen- 
tation. The iiiola.sses, on the other hand, i.s generally pre- 
pared from the juice of the sub.seqiient tappings where 
noticeable fermentation takes place. The presence of a 
considerable amount of vitamin Bi and B, in the fermen- 
ted date-jialm juice has alreaily been observed by (»uha 
and Biswas’. 


I wish to express my sincere thanks to the authorities 
of the firm and also to Mr M. Kay for his careful super- 
vision of the lest animals all through the experimental 
period. 

Biochemical Laboratory, H. G. Biswas. 

Bengal Chemical & Pharmaceutical Works, Ltd., 

Calcutta, 

20.4.38 

/. Ind. J Med. Rea. 20, 1045. 

2. Ibid 21,211. 

S. Ind. Med, Gaz.52,m. 


IVatiiral Gosca in Sylhel 

In Sylhet (Assam) there is a constant emissir>n of natural 
gases over a few acres of land in the midst of small hillocks, 
at a distance of some fourteen miles from the town of 
Sylhet, along Sylhet-Shillong Road. We vi.sitej the ])lace 
ami collected a few samples of the gas from different parts 
of the field. This has been analysed both chemically and 
spectroRcopioutly. The spectro.^copic investigations have 
been caarried out in collaboration with Profs. 1). L. Das 
ami P. K. Kilia. The results of analysis of three samples 


arc as follows 

Mean 

Carbon dioxiile .. o 

Oxygen .. 0.78 % 

Carbon monoxide .. o 

Olefines, Acetylenes and Benzene .. o 

Nitric o.vide .. o 

H>drogcii o 

Methane .5‘).()8 % 

Kthanc .. 18.55% 

Nitrogen .. 21.40 % 

Helium ami other r.arc gases .. o 


Total KKJ.41 % 

Density of the gas= 10.70 (with reference to hydrogen 
as unity). Our thauk.s are clue to Prof. J. M. Dutta, for 
giving us facilities for w'ork. 

Murarichand College, 

Sylhet, A.ssam. 

22. 4. 38. 


N. C. Deb. 

U. K. Dutta! 

S. C. Bhatlacharyya. 
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Need for Nutrition Advisory Board in India 


Interest in tin* problem of nufrition, to wbieli the 
uphofival ot* the Ira^ie years of lln* (ireat War 
first drew attention, has Ix'eii eontinually on the 
inerease in all eivilized eountries. It has been 
j^radnally realizc'd that in spite of the jiro^ress 
made in medicine and hyjjiene, in spiti* of the 
knowledge of the infe(‘tive nature of many 
maladi(‘s which indicated the im'asures to be 
adopted for slampinj? out e])i<lemie disease, and in 
spite of the inereasinj*- jxipularity of physical traiii- 
injr for fortifying’ the body, the physical condition 
of a larR’e part of the human race is still far 
below the aceeptc'd standard, it has lieen estab- 
lished that this inferiority in physical condition 
as well as a lai'^e amount of jireventible human 
sulTerinj*’ and disease is larjjely due to imperfect 
nutrition. The im])orlaficc and ur^iency of tin* 
problem led the lii'itish Medical Association in 
l!)I3i{, the League of Natiiuis in aiid HKJt) 

and the International Labour Offbi* in WYMt to 
appiiint expert committees to re|)ort on tin* 
ciptimum dietary standards and on the state of 
nutrition of the people in European eountries. The 
report of the (\)mmitlee of the Lcay;ue i)f Nations, 
issued in four volumes, is thoroimh and compre- 
hensive, but it is j'reatly to be rejiretted that 
althoufrh India i/. a member of the League of 
Nations and contributes liberally for its main- 
tenance every year, no meidion is made about the 
state of nutrition arid about the produetion, eoii- 


sum])tion and pi’ices of food stuffs in India. Nor 
lias the Leaf^’ue undertaken any dietary surveys 
in India as it lias done in the countries of Kiiro|)e. 

The probh‘iii of nutrition is by no means 
identical in all eiunit rii*s. There are considerable 
differc'iiees betwe(‘n dilTerent nalio?is- and in India 
even between the different jirovinees both in tin* 
decree ami iiatnrc* of malnutrition and in the 
extmit to which tin* national and provitnnal re- 
sources would allow of improvements. In every 
country, tberefon*, llieri* is a problem lo be solved, 
a dc‘fcet to be corrected. 

.Nowhere is the jiroblem so acute as in India. .\ 
mere look at the Indian ma.sses is snlVieient to eon- 
vinee one that the vast majority of them are ill- 
nourished and suffer from the eonsecpiem es of 
defeetivi* nutrition. The liiyli rate of iniaiil morta- 
lity and of mortality at the time of ehibl-birtb, the 
exc'cssive jiroportioii of nmler developeil children 
and ailoleseeiits, a lary’i* number of eases of blind- 
ness in ebihlreii and the poor Insillli of a larJ^e 
nnmb(*r of people ai’e tin* residts of inadeipiale 
nutrition. lU*ri-beri, osti'omalaeia an I scurvy arc 
known to be of nutritional oi’ijiin. Keonomic 
eonsiderat ions undoubtedly ])lay an iiiijmrtant role, 
and inadecpiate family resoiiries are the jireatest 
sin.u'le cause of defective nutritiun. Even without 
elTeeliiij*’ any ehanj'es in the level of national in- 
come, however, some measure of improvenienl in 
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Iln* slainUinl of inay ])o altainctl. This 

is possihU* hy tlu‘ (‘Inhoralioii of chojip halaiuuMl 
(lids fen* Indians wliidi is only prarticahlo after 
the diff(‘rc*nt Indian foodslntifs have In^en analysed, 
hy hdter orjianizalioii of siii)])lies, by disseniinat- 
inj* know l(‘d‘^c as to the prinei|)ies of i*ati(»nal 
mi!ritio!i and hy pointinii; out the defieitnieies in 
the enlinary diets and sui»j»(‘stin^' sui)plenuuits. 

\Vc therefore draw’ the attention of tin' public 
and the (Jovernnunil to the thoin^hl fill article on 
th(‘ problems of nutrition by Dr. K. 1*. I»asu which 
we piililish elsewhere. The constructive sujiiLfes- 
(ions re;iai-diim* the formation at an early dati* of 
Xulrition Advisory Hoards in the provinces work 
iim' in coop(‘ration with a Nutritional Advisory 
dommiltee for all India should be immediately 
jiiveui effect to. Idiese Ihiards should not oidy have 


a eompetent personnel, but should hr.ve adecpiate 
funds at tludr disposal to carry out nuiiitional 
survey.s, define satisfactory and practicable dietary 
standards for each province and undertake pro- 
pajranda through trained W'orkers. 

The problem of nutrition in India is a very 
complex one but its importance is fundamental. 
It will not do simply to emiihasize that nothin'^’ 
of permanent value in this dire('tion can be 
done in a country wliere in spite of acute poverty, 
accretions of thirty millions to the population take 
place in a decade. The problem of poiiulation can 
be tackled with greater zest if the mas.ses eouhl 
once be broujiht Uj) to a more satisfactory standard 
of livinj*. It is to lie hoped that the [lopular 
mini.stries in the provinces will m»l la* appalled by 
the maj»-nitude of the task but take uji this vital 
quest ion (d‘ nutrition in rijiht (‘arnest at the 
earliest moment. 


Hormone Causes Rat to Cherish Squab 


Tin* spe<‘tacle (d‘ a liealthy, <:rown-up female 
]*at cherishing and mothering’ a temler younjr 
s(juab, just because a few drops of a Ihumiioik* from 
the pituitary “land had been injcct(‘d into the 
rat’s body, was described by Prof, (diarb*s U*. 
Stockard of ('ojMiell Pniversity Medical Polle^i* at 
a meetin“' of the .\ew York Academy of Medicine. 

Prof. Stockard used tliis phenomenon to illus- 
trate the powerful inlluenct* that hornuun’s or 
jdaiid secretions may exert (»n the body of man 
and other animals. The rat in (piestion was a 
imrmal animal that ordinarily would have made 
a prompt meal of the tender scpiab. The only 
differeiKT in this particular J’at was the few drop.s 
of hormone. 

Hormones have other effects on the lauly. 


Together w'ith tin* nervous syst(‘m and brain they 
are n'sponsibb* for all tin* difleri'iit parts and 
mechanisms of tin* body w’orkinu' to“etlier as a 
w’hole. Hormones and n(‘rves, moreover, deja'iid 
on each (dher. Nerves stimulate “lands to seci-clc 
hormones and hormone's stimulate nerve's to (oii 
trot muscles, ve'U in such simple* movements as 
those involve*d in walkinji' and talking. \Vhie*h nl 
the* two is more important may be surmise'll fr-mi 
the fact that h(n'me)ne contred is an ohlcj' and more' 
primitive method of inte'j^i'at ion than the ne'r\oiis 
mechanism. Plants, for e*xample, do i.ot h:.ve- 
anythin“: like nerves, but they do pi'oelma- 
hormenies. 

JSi i( net Dif/f 
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K. P. Basil 

|li';i:ir(iiii-iit Ilf ('lnMMi-.trv, tir- I ‘niYi-r-;il\ . |l.l'■|■:l. 

Duking 11u‘ Insi lliirty yp.Mrs, rpsrnrph in 

tin* fi(‘M nl' nulrition has UmI In findiii”- of •irpal 
sij^iiil'K aiu‘(‘. Thppp is now t'sspiMial aurpointMil 
r(*“a llio ('nMipnsilinii (d' a di<‘l and 

Ihn dinlapy nnnds of llin <lilVriTn1 a^c'-urnups If 
is I'nlly r'pi'njiiiiznd lhal all nnlrillnn scdu'iiins l)(‘.!^in 
u'illi th(> PX|)C(*la!d afid llin iiin'sin^- nintlmr and 
lliat unly by ad(M|iiati‘ miti’ition in tin* cai-lipsl 
yrars nt* lilV can llir In'allli atid tin' full dcvclop- 
iiicnl of the riitiirc cili/cii be assured. Alt lioimli 
1li(‘ dietary needs of the ‘•rown iip slnndd al.sn 
reeeive atteidinn, ri*nm tin* niitritinnal standpoint 
tln-y are to l)e looked upon more or less as 
dama^etl '•■mals.” 

h’oods have been divided into f/) eneryy-beariim' 
foods, smdi as <*ereals, fats, ami suyar, (?0 body 
bnildin<i‘, ])i'oiein-rieh fm»d.>, su<‘h as meat, lish, 
milk and pulses, and (in’) i)roteetive loods 
rich in vitamins ami minerals, elements which are 
necessary to pn-veiit the incidence of specifi*' 
maladies, and which are ])resetd in milk and dairy 
jiroducts, fi'esh fiaiils and vegetables, and in e^'rs. 
While instimd ami dictates of appetite adjust the 
intake id' food to the heal riMpni-eiiicnts with extra- 
ordinary acciirai'y, they are no unide for body 
biiildiiii*’ and body-|)role< I ion piii'poses. Hence in 
iacklinji' the provision of a suitable diet, one shoubi 
be“in with the protective foods, then proceed to 
the body d mil di !!}.»■ foods and then leave the eneri»:y- 
bearinj*: foods to the dictates ot a])])etite. OI all 
the ])roleetive and body biiildin»- foods milk is 
rejjanled as of outstanding’ im|)ortance, since it 
contains most oi* all of the materials necessary loi* 
'growth and maintenance of life*, such as ])roteins, 
iiiinerals and vitamins, in a form easy ol absorption. 

A few words rejyardinji the need ol the ditterent 
food constituents may not be out ot iilaec. 


Vitamins 

The vitamins of whii li about twelve have been 
differentiated ilirect by their presence in minute 
amounts the I'oi'rect ulili/alion id’ the other dietai'y 
elements. Many di.seases. i .f/., beriberi, rickets, 
scurvy, o])hthalmia, dental I'aries, osteomalai'ia. 
pelbn^ra, are known to be causeil by the absence 
of one or more of the vitamins. Investi^;atiofis on 
the i.solation in the ci'vslalline condition and syn- 
ther.is of vitamms are bein^’ pursued W'ith {.ireat 
zeal, and in lOdlJ Williams aihieved the distinction 
of synt hesi/.iim the ant i-bei‘i-beri vitamin lb. 
Kvaiis has obtained the anti sterility vitamin hi in 
a pure form from rice {.ierm oil. Szeiit tiybri^yi 
claims the isolation of a new walcr-solid)le vitamin 
P, w’hich apjiears to be a vejictable dye, or dye (d 
the j^roup of llavones, ami which by its absence 
causes increased permeability or fragility of the 
capillary wall. The existence of a new fat-solnable 
vitamin K w Inise deficiency is charai tei'i/ed by 
Inemoi-riiajics and by ameniia in i hicks, ducks and 
•jTt'c.sc IS claimed by Dam and Schonheyder. 'I'hc 
vit.'imin It complex consists of at least six lactors, 
tw'o lieat-labile and foui’ heal stable. 

In India attention should be i>aid to the 
adeipiaie provision of vitamins lb, A and D in the 
diets. Due to the abundance of sunli.i»ht the tiro- 
vision of vitamin D is not such a pre.ssiim problem 
in India as in Hntiland and other Kuropeaii conn- 
trie.s, where rickets was until recently common 
amon» children. Mveii in India jirovision of 
vitamin D in the form of cod liver oil or some 
other form is necess.aiy in the ca.se of expectant 
and nursin** mothei'S. For iireveidion of beri beri 
under-milled or r//ii /i/n-husked rice and wdiole 
wheat (d/f?) shoidd lie taken. he ipiestion ol 
reyulatinj*- by law' the decree to which rice should 
be milled for home lonsumplioii should not be 
lij^htly brushed aside. Other j*ood sources of the 
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vil.Miiiin ;nr cy^i-yolk, ])iilsos, yoasi 
or yeast (‘xtraels, liver and kidiioy. I*ar boiled 
ri(*e eontains more vitamin 15, than the sun-dri(*d 
variety. Discovery of a elieap source of the fat- 
soluhle vitamin A whose jleticieney is responsil)lc‘ 
for thonsamls of eases of hlimlness in (*hil(lr<‘n and 
!iij*ht -l)lindn(‘ss in adults in our country is an urjicnt 
problem. 'riu‘ liver and the body oils of the differ- 
ent vai’ieties of Indian fish should be e.xaniined 
lor their vitamin A and I) content. Our inve.sti”-- 
ations show that KuIkm* liver oil is a ‘*o(m 1 source 
of vitamin A while Uuhei* body oil and llilsa 
liver oil are not such potent soui'ces of this vitatnin. 
Tin' llilsha body oil <lo<s not eontain any vitami!i 
A at all. Dr ( Julia has recently determined the 
vitamin A eonteni of difft'rent fish oils. Some of 
these oils mi”ht ju’ove to Ix' as potent sources of 
vitamins A ami D as tin* cod-liver oil. Oreen 
ve»(‘t allies and carrots eontain carol (‘lie which is 
transformed into vitamin .\ in the body ami should 
therefoi’C be <*onsumed <laily. (Niws whi<h j^et 
little ‘••reeu ^rass «ive milk whi(*h contains less 
vitamin A than the milk obtaimsl from cows fed 
on siiccuh'iit j;reen j^rass. l>utl(‘r is a }»'ood source 
oi vitamin A, while (jha contains little or non.* of 
this vitamin. Ked jialm oil is rich in cai'oteiie and 
vitamin A and attempts should lx* made to ^row 
this tr('e in India. Dresh fruits sjiecially the citrus 
varieties ai'C ri<‘h sources of vitamin D and should 
be taken rej'ulai-ly. Fresh v(‘j.iet aides al.so contain 
a i^'ood amount but this is lar}»ely desti’oyed durinu 
the p]*oeess of cookinj*'. Oranjit's, lemons, man}»oes 
“row abundantly in India and all classes of ])eople 
should be a<lvised to take them. Vitamin (’ is nst'il 
up in (ombatint*- and m‘u1 ra lizin**' the toxins of 
infectious <lisea.ses. and oranjics should be taken 
liberally durin»: an attack of fev(*r and infectious 
diseases. Deficiency of this vitamin causi's scurvy, 
lilt* first oliservable .sym|>loms of which im*lmle 
“ la/ine.ss, •rlooin and irritability, slH>winj»; itself 
in a It'iidency to <*omlemnatory ami iinealled-for 
argumentativeness ’’- symptoms which are by no 
means rare in Imlia. 

Minerals 

lt<*( cut researcht*s liave revealed the <»rcat 
importance of an adequatt* amount ami a eorrecl 


balance of minerals in the tliet. Of these calcium, 
pht).sph()riis and iron arc of special interest. Hone 
ami teeth are lnrf?ely composed of ealeium pht)s- 
phate, and a smaller but necessary supply of iron 
is retiiiired for the formation of red blood cor- 
puscles ami prevention of anaemia. Traces of 
eo])]x*r and man<''an(*se help the assimilation of 
iron. A minute provision of iodine is necessary 
for the prevention of j>:oitre. Milk is rieli in 
assimilable ealeium and phos])h()rus ami vegetables 
aixl fruits are also j^ood sources td’ mineral ele- 
iiient.s. While cereals, fish a?xi meat are acid- 
formers containing: an excess of the aeid-formiii**- 
mini‘rals, milk, fruits and vejretables are base- 
formers ami their coMsnm])liun hel])s the elimina- 
tion of uric acid, an aeeiimulation of which causes 
^^out. 

Kiee is ])(X)r in ealeium. while wheal contains a 
fairly larj^c amount. Dur i*xpcrimciits on the 
human sul).jcct show that rice calcium as opjxiscd 
to wheat-calcium is poorly absorbed by llie body. 
\ portion of the rice of the ric(*-ealcrs’ »licl should 
lx* n*])laced hy wheat. Tin* dc*ficii'Ucy of cab'ium 
ill the ri(*i‘-eatcr’s diet has also been recently 
pointed (Mil by Dr Aykroyd of tin* Cooiionr 
Laboratories. 

There is plausible evidence of (*aleiuiii defi 
eiem*y in a larjre [lortion of the ])opula<*e both ante 
natally and ))osi-nalally till the time of cessation 
of ‘•rowth. A <lcficiency of ealeium in the diet 
is to he expected in pregnant and laetatinji’ women 
unh‘ss special precautions are taken. Iron, to(n is 
freipiently deficient in the diet of such wunu'ii. 
There is evidence that the haemojjrlohin figure of 
the bhxxl can he raisetl in ap])arently imrmal no 
men tt> a fij»’ure as hi}»h as the averaj»e iiu'ii’s hy 
lion; and it is po.ssible that the lower fi^iiie 
accepted as normal for women is simply Ihe re.oill 
of the reeurrinj^ loss at menstruation, not eorreeted 
))y a^leipiate consumption of iron. 

The Leaf»:iie of Nations’ sugjrest ions with re^ai*! 
to mineral intake have lieen accepted in man.\ 
quarters. For calcium O.fi {»*ms per day for llx’ 
adult male anil female; 1.2- -l.G {?nis for cliihlr< n 
and adolescents; l.fi f»’ms for expectant an'l 
mirsiny: mothers. For phosphorus the iiital «■ 
.should be a little more. For iron probably h* 
mj'ins available iron is satisfactory, thouy:h pn • 
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nant and la(*ta1in«: vvninen with advantajio 

have 15 iiijyms. 

Proteins 

Protoins supply Imildin*^ material for tlio body 
and also repair the waste oT tissues. Pi*olein-ri(*h 
l'oo<ls are fish, meat, e^-jis, milk and pulses. The 
eereals eontain a fair aimuint, ri(*e eontainin^^ the 
least. As a rule jn’oteins from animal .sourees like 
milk, eyi*s, fish aiifl meal are better utilized by 
the body than vej^etable proteins whieh have lower 
l)iolo)^ieal values. Durini*- ^I'owlh, pre^iianey and 
laetation, some hijih-elass protein is essential ami 
in the «*rowin‘i‘ period it simuhl form a larj^e pro- 
portion of the total jircdein. Xuti'itivc* value of 
the proteins of Indian foodstuffs is the sub.jeel of 
intensive inv(‘stiyation in our laboratories. Kiee, 
tliou^h poor in i)roleins, a]ip(*ars to eontain tii\st- 
elass protein, SO (d‘ whieh is retained in the body 
and for purposes of ‘>i*ow1h anutii ri(*e is imitien.se- 
ly superi(»r to (tus. f’ifly to sixty per (*ent of the 
puls(‘ pi’oteins are ••‘(Mierally ri'ttiined by the orjian- 
ism, the value boin*'’ only •VI"'', in tlu‘ ease of lentil, 
f’or |uir]»oses of growth lentil ami hlusari proteins 
by themselv<‘s are of little value. Our investi**;- 
ations also show tha^ suppleimmted with milk, 
fish, nan/a riee and proteins, the pulse pro- 
teins are In-Iter utilized and aet mote efiieiently in 


(iijimiin'.s |«T linin' 


.\ge (yt'iiis). 

of body weight. 

1 - .T 

.") 

a.*) 

a.i) 

') IL* 

2.0 

IL?— lo 

2.0 

10-17 

2.H 

17 L‘l 

1.5 

21 and upwards 

l.n 

If’nnn n— i>r( ipunit 


0 — ;{ 1)1011 fhs 

1.0 

■1- H iiioiiths 

1.0 

>7ursiiig 

2.0 


(1 kgiu.~ 1000 gins. 

— -S7.0 tohis--2.2 lbs.) 


promoting: fyruwth. Pulses are the ehief souree of 
proteins of vej»:etarians in India and should always 
be supplemented with milk in their ease. The 


above allowanees of total iiroteins are roeom- 
mended by the laamue of .\alions Oommitt(‘e, si 
])art (d‘ the protein bein^- of animal oi’i.uin (or Ifmh 
elass) 

Our exjieriments on the liumaii subjeet show 
that ])rotein retiuirtmient in Indian elimate is mueh 
h'ss than that in temperate emintries. Put it is 
always bettei* to exin-eil the bare reipiireim-nt id' 
protein diirin**' the period of growth. In old ai^e, 
speeially if the liver and the kidney an* not 
funetioninji’ jiropei-ly, I'xeess of ju'otein should In* 
avoiiled. 

Fat Requirements 

Pal must In* a <*onsliluenl of the normal diet. 
About 40-(l0 ‘irammt‘s (d‘ fat should In* eousnmed 
daily. In the ahsenee of fats earotene fi’om jireen 
vegetable's is not well absorbed. The hij»h eon- 
tent of vitamins A and/or I) in cei-tain fats jnslities 
their use in liberal amounts. 

Calorie (Energy) Requirements 

The livinji' body ilerives ils oneriiv mostly by 
the oxidation of earbobydi*a1es and fats. Oiu* 
gramme of earboliydi*at(* yields aboul 1.1 (*alories 
and oru* gramme of fat aboiil fi.lo calories. Pi'o- 
teins also can In* utilized for this purpose and one 
gramme of jirotein produe(‘s about 4.1 calories. 
The League of .Nations Committee considers an 
allowance of 2,400 (ahu’ies pei‘ tlay as adecpiate to 
meet tin* recpiiremcnls of an adult living an 
ordinary everyday life in a temp(*rale climate 
and not engaged in manual woi*k. The following 
suiiplements for muscular a<*tivily arc r(*commcnd- 
ed to the basic re(piii*enienls : 

Light work up !•) To r;i lories per hour of work. 
Moderate work „ Tu-ir)*) „ „ 

Hard work ,, ir>n-;{IH) ,, 

Very Icanl woik „ aoo „ aiiil upwards j>er 

hour oi' w'ork. 

Knergy re(|uireiiu‘nts foi* otln*!* ages ami for 
mothers ai*e also indicated in tin* ri'port. There 
are reasons lo believe that basic calorie recpiire- 
ment in a warm country like India is lower than 
that in l(‘mperale countries. About 10-15 p. e. 
of the daily calories should he derived from pro- 
teins, about fit) 1). e. from carbohydrates and the 
remainder from fats. 
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Special Dietary Needs of Different Classes and 
Age-Group 

Viewing llie luitrilinn question as*:i whole, the 
greatest emphasis deserves to he laid on the 
luitritio!! of ehildri'H, pregnant women, and nurs- 
ing mothers. Then* is a gi'ealei* iK'cd for good 
JMitritional material during tin* p(‘riod (d* growth 
than for a fully grown p(‘rson. Imperfeet nutri- 
tion in the pei*iod (d‘ rapid growth causes tissues 
and o'.'gans ti> hi* hadly <*onst rueted. Some id* 
these defects are not only serious hut irreparable 
even if followed h,y adequate feeding. Indivi- 
duals very (d’teii heai' the stigma of defective 
feeding in ehildhoo<l throughout thcii* lives. 

Feeding of Pregnant Women and Nursing Mothers 

.Ml nutrition schemes hegin with Hie expeitant 
mother. lh(q)ei' devehq)Uient of the fietus is 
inipossihle unless the mothei* is ade(pial(‘ly nourish- 
ed. It is faulty juaternal nutrition which may 
delay the suhse(|uenl full growth of the chihl ami 
rend(‘r it a weakly iidant, troiihlismue to feed, 
diffienlt to rear, and subject to illness. The e\- 
pectaid and tin* nursiiig mother ?ieeds exti'a nuti'i- 
niefd hei'ause of the large amount of material which 
she has to pass on to the (d'fspi'ing before birth 
or in her milk. Itetween the twenty-eighth week 
(d‘ pregfiancy and full term the niaterual organism 
has to supjjly to tin* fietus as much as 25 gms. id' 
calcium and 15 gms. of phosphoiais and a nursing 
mother pr(»viiles A gm. id' cab ium daily to her 
infant, d’lie mother needs pleidy of cow’s milk ™ 
about a seer a day -to provide the extra calcium 
and phosphates which are taken away from her in 
this way. Some of the dist I’c.ssiiig iom|)laints 
during ])reg?ianey, sncli as muscle .soreness and 
weakne.ss and consequeid inability to perform 
01 ‘dinary daily activities and also inability to sit 
or lii* long in one position, are r(*late<l to the 
defeetivi* calcium nuli’ition, and relief follows the 
administration of additional calcium and vitamin 
I). Ki-esh fruits and vegetables and some cod-liver 
oil should also be supplied daily to the motlier to 
|)rovide foi* vitandns (’ and D— as also one egg 
and some (about 120 gramm<‘s) fish or meat. If 
the e.\])(‘ctant mother is ensured a plentiful supply 
of calcium, iron and vitamins A, I) and K, there 


is every justification to anficipate a healthy preg- 
nancy resulting in the birth of a full-time child 
who develiqis stea<lily, tei'thes normally, sleeps 
contentedly, and gi*ows robustly. 

Feeding of Infants and Growing Children 

(’omplete breast-feeding of infants dui’ing the 
first S-9 iiumths of life is .always to lie I'econimeml- 
ed. It is cheaper, simpler and cleaner than ai’ti- 
ficial feeding, and in the* cii.si* of a pro])(‘rly fed 
mother, the beiii'lits to the iid'ant ai*e great. Data 
about 2(/,0t)l infants during the tirst nine months 
of infant life colb'cted by an Infant Welfare 
(’entre slmw that of the 9.740 wholly bi'east fed 
inJant.s, total deaths wei'e 15, of which foiii* dic'd 
from res])iratory in lections, of the S,IJ()5 partially 
brcaist-fed babies 59 died, and of the* 1,707 arti- 
ficially fc-d babies 141 dic'd, of which S2 died from 
respiratory iidVctions. The* iid'ant c'vc'ii when 
brc'ast fc‘d should rec-eivc daily supplc'iiients id' 
il) orange juice* to provide the* anti-scoi’bulie 
vitamin (’ and (2) whenever abundant sunshine is 
not a\ai1able (specially in Kiiropean c-oiint ric's ) , 
a small daily ration id' c'od livc'i* oil of good cpiality. 
iiicrc'asing gradually to li gramme's daily to provide* 
vitamin I). Imu* breast led infants in India, who 
arc* c'xposc'd to min h sunshine, the- iic'cmI for c'Xtra 
vitamin I) is not very grc*al. Artilieially fc'd and 
l»remalur<' infants have evc'U grc'aler iic-ed for 
supplements than normal infants. 4'hc* infant’s 
rc'.sc'rvc* of iron is usually exhaiislc'd bc'lorc* I he* 
sixth month and milk is eleficic'id in iron. 
.\dcIition to the* eli**t of infants eif small amounts 
ed' foods ricdi in ireui is rc*ce»mmc‘nele*el fremi the* 
fourth or the fifth month. Foods rc*i‘ommendc*<l 
arc* egg yolk, if te)le*rate*il by the* infant, or i>urns 
cd’ grec'ii ve*ge*tablc*s or carreds; in spc'cial c-ases 
dirc'cd 'ciministration of iron salts may be* or lc*re<l 
by the nutritionist. 

As rc'gards growing ediilelreii, Profc'ssor 
Mottram slates, “ Make sure* of the bc)dy-|)rote*ct- 
ing and beMly-buibling foods, and Ic'avc* apj)c*tile 
to determine* the caloric's.” Of course, with the* 
grc'c'dy child .semie at lent ion is to be paid to a 
possible* ri->k of ketosis. It is definitc'ly C'stablish- 
c'd that many id' the ill effc*cts whicli ri'sult from 
deficient diet in childhoe)d are avoidable by 
adc'cjuate provision of milk. The (’omniittee c»f Ihe 
licague ed’ Nations rec*ommc*nels daily intake* ol 
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7r)() •] sct'i') of milk fnr chihlrrn ;imM| 

1-2 yofii's .‘iml of 1. ()()() oins. (nl)nul h shm*) fni* 

imod 2 14 yt'Hi’s. Djiily intnlu* of ;m 
some li'tify vi'jictjihU's, ptdalo, <'(j(l4ivrr nil 

fiml l?a‘s]i I mils is ;ils<i Meal m* fisli 

is a(Iv()f*al(Ml rmm Ili<- lilHi yvtw. 

Nulrition and Agiiculluic 

Tin* “ nptimuivi ” dirlai-y lias hmii nxiymssr-l ;is 
a scinitific lumiula. 7’lm ^vimral rules nf mitrilinii 
have lo lie traiislalc'd into rialiniial ami local 
(lielaries. It lias lo Ix' (*onsidered fo whal 
exieni tin* |■(M^nirements uoul«| Im* mk*! hy iiatimial 
a^rienllni-e, ami to wlial ex1(‘Ml hy impoi'lat ion, it* 
necessai'y. 

So far as Imiia is e«nieei‘m‘d the olTieial figures 
as they stan.l show that the aereajie nmler r*)od 
en)ps, unlike that nmler cash crops, has not kept 
pac'c with thi‘ urinvlh of i»opnlation; on tin 
contrary, there is ;in actual decrease in the aercaj^e 
))er head. The non -lood (*rops, on the other hand, 
have k<*pt pae** with tin* population. 

It has heeii mad<‘ ipiite <*lear that if theia* is to 
he the lU'cessary pliysii.il sti'enuth and health, it 
is ess<*ntial that all cheeses <d‘ tin* pojudation and 
primarily children ami y(Min,ii' people should he 
able to eonsiime l•l••Jnlarly ('crtain «i'i<**hities of 
** pi'otec'tive foods,” sm'h as fresh milk, ve,uetahles, 
fi'iiits, (’uigs, and lish. h'resli milk and fn*sh 
Ne.yetahles are iM’arly always pi’oduced and sold 
on tin* spot or within a comparatively limited area 
ami the saim* may he said of many fruits and of 
a grt'at deal of dairy products, e^'js and fresh lish. 
It follows tliat an iiiei’eased demand for sm*h 
prodllM* would hav(‘ tii he im*! in the main hy the 
output of local ajirieiilt lire. It is, therehire, 
essential to im n-ase tin* yield of staple crops 
ieen'als) pi*!* acre in India so as to liberate the 
land for the <Milt ival ioii of these supidemeiitary 
foods ami (d* fodder for <*altle. This should he 
quite I'easihle in India when seientilie methods 
have scarcely hej^uii to he inlnMliued in a^rieul 
ture. Inei’east'd kiiowlediic of the nature of the 
soils can make fertili/.ation imire elVeetive and the 
most speetaeiilar atKanee has hetm ami is hein*'’ 
made through the work of the plant-breeder. The 


elaboration of the impi’oved vaim'tit's (d* sngar- 
eanes at ( 'oimhatoia* by N'eiikataraman has made 
the sugar industry possihh* in India, 'flu* work 
of the Dutch ))lanl breeders in Java ri'snited in 
doubling the yield of sugar-cam* per acre uilh the 
result that tin* islands’ prodmtion was increa.sed 
by KU)’ without any increast* in the area •le\oted 
lo sugar. 

Abiia* resistant and higlur-yielding sti'ains «»f 
wheat are gradually replacing the other typ(‘s of 
wlu*at in India and now ocenp\- 2 b of the entire 
aeia-age d(*voted to whc*al in India. Highi‘r-\ ield- 
ing strains «»f I’ict* also an* being gradually intro 
dueed. In this connection atti‘mpls should al.^o 
be math* Id tlevt'lop strains of (In* fontl ci-Djis 
with higher nntritivt* values. Mxpericnet* has 
shown that lu'lter yielding and more resistant 
types cost no more* to grow and harM*st or to tend 
than tin* poorer varieties. 

’I'he a( hievi'iiients of the plant-bi'ceder on 
grasses and fodder ertips are also very important 
so far as tin* suppli«‘s of protective foo<ls. like milk 
ami meal, are (M»ncenu*d. The select imi ami <'ross- 
iiig of gra.sses, clover, lucernes and othei' fodder 
crops are cmitinually making possibh* tin* increase 
in the number of cattle «u' sh(*ep r‘ear(‘d in farms. 
Thus in .\(‘w /t‘aland. o\(*r the last tliiac years, 
prodmtion of butl’T ami meal has inereas(‘d enor 
mously without any material i*xtension t»f tht* 
acrt‘age t)n which the Hocks and henis art* 
depastured. 

I*’armer.s are conservative peu])le. and the lag 
betw<*en seientilie discovery ami the full utili/.- 
ation of the resultant improvem(‘nls in agri(‘ulture 
may often be as long as om* or two tlecades; but 
it is hoped that with the spi*ead of agricultural 
edm*ation which is very important for India, in- 
creased piM>dm tion will follow m*w discoveries with 
increasing l•api^lily. There is certainly, now', no 
doubt that Indian aL>ri(ullure (‘an respond to 
inerea.se in demand for food as rapidly and as 
fully as there is any prospect id’ that demand 
arising. 

Tin* demand for protective foods is likely to 
improve international trade and thereby the eco- 
nomic condition (d* pe(»[)lt‘ which is very el(»sely 
related with ade({uacy of nuti'ition. The European 
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count ri(‘S, where ;ilr(*a(ly intensive cultivation on 
mo<lern lines is carried (»n, will have to devote more 
laiid to production of protective foodstulTs and 
lienee to import more cereals like wheats from 
India and other wh(*al-«rowiii« countries. 

liefore decidinji: on the policy of national afrri- 
culture, it is hij'hly important that dietary surveys 
should he undertaken throuj-hout India so that 
facts about actual consumption of difTercnt in- 
f*redients like ])i*oteiMS, carlioliyd rates, fats, etc., 
per head and tlie actual defect in nutrition may 
he detinitely known. These* survews slu)uld, as 
pointed out hy Sir John liussell, really he “ sample 
surveys ” anel not “ spot ;<urveys,” i.v., there 
shouhl he some* eh'finile methoel e)f se‘lectinji: the 
villages in he* simlie'el. The followiii}^ sets e»f elata 
should he e*ollecteel: (/) Statements showing the 
actual elietarie‘s whie*h can then he (‘ompaivel with 
the optimum physiological re‘(iuirements; (li) 
U(‘eM)rels of the prevalence oT vjirious diseases 
e*auseel hy d(‘Hcicne*ie‘s of esse*ntial nutrients; 
[Hi) “ State of nutrition ” of different potnilation 
j^roups, e .f/., school ehildre-n, adults, anel its ceirrcla- 
tiem with diet. A suitalile index for measurinj»- 
the state of nuti'ition should he (‘volveel. The 
A. (’. H. inde'x adopted wide*ly in Amcrie*a is not 
suitable for India. Kccords of averaj»e hcij»ht anel 
vveijiht and either antlirojjoiiietric elata in the 
various a^'-e* and sex ^remps shemhi lie taken; and 
(ir) Kflect eui “ state eif nutrition ” of impreivin'r 
the* die*l of .scle'cte*d j»roui)S. 

Another ur‘'e‘nt ne'ccssity is the rstahlishment 
of laboratories in dilTerent parts eif India feir the 
study of and sciciitilic rescaredi in human nutri- 
tion. The foodstuffs of Imlia have «-ol to he 
analyses), the'ir pre)t(*in, fat, esirhohyelrate, mineral 
anel vitamin esmte-nts and the* hiedo«i<*al value of 
the prote*ins el(*termine*d, ami the etfee't of metheiels 
eif preparatieu) and cookinji: on their nutritive 
value investijiateel. The nutritive value of diets 


as actually consumed has also Kot to be determined. 
Basic rosc‘arches in nutrition should he a promi- 
nent feature eif these laheiratories. India is a vast 
country and the dietary habits of pi'eiple in dilter- 
eiit ])arls are ditl'erent. It is impossible lur euie 
central laheiratory to deal with the different nutri- 
tional problems of the country. 

The problem of nutrition in India is one 
which recpiires immediate attention, rompulsory 
j)rimary education with a view to educate the mind 
of every individual is no doubt ^^reatly to he desir- 
ed, hut Ihe fact remains that millions of children 
in India are physically and hence mentally in- 
capable of ]n‘ofitin^«‘ by any education. The funda- 
mental pi’ohlem is to make them j)hysically and 
mentally fit hy ensui'inj^- an adecpiate nutrition for 
them. The State has a very f»-rcat responsibility 
in this matter. Provincial Nutrition Advisoiy 
Board.s, and a (Vntral Nutritional .\dvisory (^)m- 
mittec for all India im'ludin^' nutrition, agricul- 
tural, animal hiishandiT, cdmational, economic, 
medical and public health (‘Xi)erts should he 
inuiiediatcly set up. The.se P»oards will direct diet 
and nutrition surveys, (M>ntrol and co or-liriatc* tin* 
work of the nutrition laborotories, deliiu* satis- 
factory diet standards w’hich would lu* (»f ])ractical 
use in the country, siui’^est supplements to (oriart 
the delici(*nci<*s in diet, advise* re{L»ardin^‘ the 
<li(‘lary aspi'cts of mat(‘rnity and child-welfare 
work ami control and undertake proi)aj>anda 
throuj.»h traincel workers. 

The Indian Uc.seai'e'h h’uml Asse)ciatie)n is doinf»' 
valuable w'ork in this direction hut the s(*ope ed' 
its work should be considerably (‘iihaiUM'd. 

(’<»rporations, municipalities. District ami I'nion 
Boards a?nl al.so Irdant and Pliild Welfare* 0»'^aniz- 
ation.s can do very valuahh* work specially hy 
or{»’anizin»’ Ihe supply of pun* and fresh milk ami 
hy disseminalinf»‘ knowleelj^e r(‘f»anlinj;‘ correct 
nutrition, so that people in India should not only 
live but also enjoy the joy of living. 
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Earthquake Problems of India 

S» K. Bancrji 

Iniliii Di:piirliuutit, I’oona, 


It is cstiinaled that aliout 30,000 (*arth(iu«'ik(‘s 
omir annually over the world as a whole, st) that 
during? the ('hristian era about 60,000,000 earth- 
quakes have oec'urred. Of these earth(|uak(‘s 
which oe(Mir annually some are very feeble, such 
as would be recorded by instruments only, some 
would be felt locally within a radius of 50 or 100 
miles of the epicentre, some would be fell over 
wider rofyions, while a small fraction would be 
felt over a few hundred thousand to over a million 
square miles. These latter arc literally W(n*ld-shak 
iujLf earthquakes, and it is estimated that at the pre- 
sent time they oc<ur at the rate of about 60 per 
year. It is of iiiterest to know what India’s share of 
this number is. To answer this (piestion, one must 
exa?uine the catah)j»:ue of all felt eartluiuakes in 
the Indian area for two or three centuries. Un- 
fortunately no complete list of felt eartluiuakes is 
available for years earlier than the middle (»f the 
last century. A small cataloM:ue of 'Icstructive 
shocks was, however, compiled from various 
sources by Prof. Milne and publi.shed in the Report 
of the Rritish Ass(K*iation for the Advancement of 
Science, 1911. Por the Indian area the chief 
source was the list j^iven by Oldham in the 
Memoirs of the (hologictd Snrvcij of Indio, Vol. 
XIX, part 3. Other sources were the H f cords of 
the (leoloffical Surrey of India, \\)I. XVII, part 
2, Vol. XVTII, parts 3 and 4, Vol. XXVI, part 
2, the Journal of the Asiatic Society of Ht mjat, 
Vol. XliVll, part 2, pp. 131-140, and Pnn'ndinys 
of the xisiatic Society of Jienyal, Mais'h 1H83, pp. 
60-66. 

From the earliest historical times to the I7th 
century, the entries in the list are comparatively 
few in number as compared with entries made 
subsequently. If we confine ourselves to two 
centuries, we have the following list of 74 destruc- 
tive earthquakes: — 


I7:i7 

111 

Orlobrr 1 1 

1702 

11 

April 2 

1704 

11 

.liiiir 4 

i«o:i 

111 

Srptrmbrr I 

ISOS 

I 

April . 

ISOO 

1 

. 

ISIO 

1 

May 2<5 

ISIO 

III 

.111 nr 10 

IS22 

1 

.Iiiiir 2!) 

lS2t5 

11 

Ortobrr 2!) 

I.S‘J7 

111 

Srptrmbrr 



2t) (about). 

1H2S 

111 

.liinr t> 

182.S 

II 

Orlobrr 2!) . 

is:io 

1 

Di'rrmbrr .'tl 

is;ii 

r 


is;u 

111 

August 20 . 

lS.*0i 

I 

.1 nnr 21 

isao 

111 

Marrh 25 . 

1S12 

111 

Frbruary 1!) 

iH4a 

111 

April 1 

1S4.J 

1 

April l!)-25 

lS4o 

IL 

.Jurir 1!) . 

IS 15 

1 

August 0 . 

1840 

I 

Ortobrr 18 

18:)2 

Ml 

.laniiarv 21 . 

1852 

II 

May 

1850 

1 

April 7 

18.50 

1 

Drciunbrr 2.5 

1858 

1 

August 1 1 . 

1858 

M 

August 24 . 

1801 

11 

.luly ;u 

1801 

I 

.August 20 . 

1805 

1 

Drrrmbrr 10 

1800 

II 

Mav 2 

1807 

I 

.Inly a 

1808 

1 

August 

ISO!) 

III 

.lamiary 10 . 

ISO!) 

1 

April 

180!) 

111 

•luly 7 

ISO!) 

1 

Drrrmbrr 20 

1870 

1 

April 22 . 

1870 

1 

Orlobrr 28 

1872 

III 

Drrrmbrr 15 

187.5 

I 

.April 20 

1875 

II 

Drrrmbrr 12 

1878 

1 

Marrh 2 

1881 

1 

Drrrmbrr ai 

1882 

If 

Ortobrr la . 

i.ssa 

U 

April 

1885 

1 

.laiiuary 15 

1885 

111 

May at) 

1883 

111 

. June 0 


Ki‘lf ill 'KK).(KX) livrs lost. 

Folt nil ov(’r Ariiicaii Mini 

Hunnti. 

Fell in the (Jnii^cMn* plain. 

Fi*lt at MiiraliMi, Uaiiriniitli, rnit<*»l 
Frovi Tires. 

I'Vlt in Hengnl. 

Fell in (lurhwal. 

Frit in the I'pper Valiev of (fan^cs. 
In Fiitrli. jirrisheil in HImj. 

Frit in Alailra.s, riiitlorr, and 
Vrllorr. 

Frit ill Nrpiil. 

Ill Fiinjal). 1,000 prrishrd. 

In Ka.shmir. 1,000 killrd. 

In Nrpal. 

Fhitla^oii^ ami its iirijjliboiirliood. 
IVsliawar ami Vallrv of Indus. 
Nrpal, rnitrd Provinrrs and Bihar. 

In llmj^al, 
nuriiia. 

North wrst India. 

Frit from Kalmi to Drlhi. 

In l)rn*an. 

Ill Fiitrli. 

Drlta of thr Imlns. 

As.sam. 

Mymrnsiiinh, (’alriitla, Srranipore. 
t'pprr Sind. 

Darjrrling. 

Katigra, Simla, Kotghur. 

Bombay, Sural. 

Simla. 

North Burma, Piomr, AUyab, 
Kyaiikpyii. 

Fnilrd Provinrrs. 

Fnitrd Provinrrs. 

Sout liras! Bi'iijjal. 

Nrjial. 

Madras, Villiipnram. 

Prsha uar. 

.V.ssam (Silrliar, Parliar). 

Prsha war. 

Nrpal. 

Rawalpindi. 

Fast Brnj;al. 

Sind. 

Balnrhistaii. 

Darjrrliii^i. 

I.ahorr, i’r.sliawar. 

Punjab. 

Fpirrnirr Bay of Brngal. Fl'U over 
an arm of 2,000.000 squarr miles, 
sm and adjoining land. 

Assam. 

Prslmwar. 

Kashmir. 

Kashmir (‘J,0()0 livrs lo.st). 
Kushniir. 
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ISS;*) 11 .July 14 
ISM.T II July LM 
1SS(5 I ()y|ol)<*r LM). 
IHSS 1 OlolMM- 10 . 
l?SSS I Dyceinbcr li.'l 
ISSS 11 IVriMubjT L'X 
IMOI I .hint* 17 or IS 
1S0‘J 111 IVc(MiilM‘r -JO 
180H 1 Novcinber 5 

1S!)4 II Dir. i:i & 14 
IS07 111 .luno 12 
ISJM) II Soptcinbor '2~) 
IIMK") III A|)ril 4 
VM)\) II (h'tolMT 21 . 
1012 III M.'iv ‘J:{ 

1018 III July S 
102!» I Kobruarv 1 
lOJO 111 .Mmv o ■ . 

lOJO III .Inly ;i 
10;U IN Aujiust 27 . 
10;M 111 Jamiarv 1.7 . 
lO.V) III Mmv :ii 


Kast ai)>l luiiiilli* Heiij^nl. 
Don^jal. 

Kusliiuir. 

Ibiniia. 

Soutli Donpil. 

Dalii(‘liist:in. 

Ib'njfal. 

<’liMuuin, llaliuJiistaa. 
Punjab aiul Norlh-Wusl 
Proviiu'i's. 

Murina. 

.Vssain. 

Darjri'linjr. 

Kaiij^ra. 

D:llu(‘lli^«tan. 

Piiniia. 

Srinum^al, Assam. 

North west Himalaya. 

Pi'^u (Hurmu). 

Dliiibri (Assam). 

M:ii'h, Halui’histan. 

Xorth Hihar. 

(^ni'lla. 


Pruulicr 


Th(‘ miiiiol'iils 1, II, III o-ivoii o^arnst <*aHh 
(|uako ri‘j)i*i‘S('?its its iiitonsily it) ordio* of incroas- 
in*»: sovcrily. ‘I’ iiicaiis that tho (*artlu|uak(» had 
an intensity suffi<*ioiil to rrark walls, l)r(*ak 
chioinoys, shjiltcr old Ituildinjis or to prodiicr 
slight rrarks in tho ground. This is rou|i!:hly 
o(|uivalont to an a<*ooloration of 1 ] foot por soo. por 
soo. All oartlKpiako of intonsity ‘IT would up- 
root or shattor huihlinys, oaust* bad oraoks in 
‘•round, or landslijis. Aoooloralion of tho ‘•rouixl 
will ho rouiuhly of tho ordor of 5 foot por soo. por 
soo. Kartlujuakos havin|»‘ intonsity ‘III’ aro llioso 
whioli dostroy towns or dovastato distriots; tlio 
arooloration of tho jiround in tho.so (a.sos oxoooils 
f) foot por soo. por soo. In tho oarlluiuako in North 
Ibhar on Jan. lb, !1)J4, tho aoool(‘ration of tho 
ground within isosoismal X was about 10 foot por 
SOI*, por .soo. 'riio followiii}; is tho ji-ooi^raphioal 
distribution of tho list of oarth({nako.s : 

Burma . . . . li Balurliistaii . . . 0 

Bon^rul ami Assam . . 22 Sim I . . . . .'I 

rniti'il Provinrrs, Bihar 

ami Ni*|)al . . .11 dujarat . . .2 

Punjab ami North West 

Pronlicr Provinces . II Bombay Presidency . 2 

Kashmir . . . .5 Madras . . . .11 

Classifiod aooordin^ to iiitonsilios, wo had Jl oartli- 
(piakos of intonsity ‘ T, IS of intonsity ‘II’ and ‘ib 
of intonsity ‘NT 


If oarlhijinikos oontinuo to ooour at tho rato 
at whioh I hoy ooourrod during’ tho last two ooii- 
turio.s, wo may oxpeot about J7 dostructivo oarlli- 


quakos during? the next century in Indian area, 
or roiu?lily about 1 in 3 years. AVo may expect 
also that out of those 37, there will bo about \2 
whioli will cause widespread destruction. This 
I^ivos us a fro(|uency of I in about H years of 
earthquakes, each one of which mi;i:ht cause 
dtiinai^o worth croros of rupees and terrible loss of 
life. This is tho problem which India has to face 
and tlie problem is nowhere more acute than in 
Bon^dd and Assam. 

The first question whioh one a.sks oneself is: 
Whore do those earthquakes originate, and what 
is their oauso: To this question no final reply is 
yet available, but wo liavi* now reasons to boliovo 
that tlio fooi of some of those earthquakes aro near 
the surface while those of some of the others are 
fairly deep. In a ptiper on the depth and }j:eo- 
trraphieal dislribulioii of deep foeiis earthquakes* 
(bitcnberj* atid Hichtrr i^ive the followinjr list of 
earthquakes in and near the Indian region, which 
are identified as deep-focus: 




Time 





Da to. 

(d.M.T.) 

Kpieetltre. 

Depth 



h. m. s. 

Lnf. 


KM. 



Assam-Kiirma. 



m27 

March M 

l().l(l..'12 

2 1.1N 

OIK 

1.10 

in:i2 

Auj^ust 1 1 . 

. 04.10. 12 

20N 

Ol.lK 

120 



Hindu Kush. 




mo7 

December 2.1 

. 22.10.00 

10.1N 

70.1 K 

240 

PJ17 

.\pril 21 

. 00.10.40 

17 N 

70.r)K 

220 

1021 

Mav 20 

00.11.20 

ION 

70.1 K 

220 

1021 

November 1.1 

20.10.18 

10.1N 

70.1 K 

211 

1022 

Deeember f» . 

. ll..'11.10 

lO.lN 

7tt.lK 

210 

1024 

OcliduT l.'l . 

. 10.17.41 

ION 

70.1 K 

220 

102.) 

,1 une 20 

. 11.01.11 

.10.1 N 

71. IK 

2.10 

102.1 

DeiMMiiber IS 

IS. 10.21 

lO.l.N 

71 K 

lmo 

1027 

.Inly 11 

. 01.40.4.1 

.lO.lN 

70.1 K 

25t) 

102.S 

Aui^usl 10 

11..11.48 

.m.iN 

70.1 K 

210 

102S 

November 14 

. 01.11.00 

11 N 

72.1 K 

110 

1020 

Pebruary 1 . 

. 17.11.20 

lO.lN 

70.1K 

220 

1020 

March 1 

. 0.1.11.02 

.10.1 N 

71K 

250 

loao 

Hejdember 1 1 

. 17.20.10 

.lO.lN 

70.110 

250 

io:h 

.Isinuary 20 . 

0!».27.22 

10.1 N 

71. IK 

220 

lOJl 

Au^ju.mI 1 1 . 

01.01.08 

.10..1N 

70.1K 

21(t 

io:u 

October 1 

22.11.27 

10..! N 

70.1 K 

220 

lO.Ci 

.laniiary 0 . 

02.01.11 

lO.lN 

70..1E 

220 

io:u 

July 22 

. 10..10.17 

;!0.r)N 

70.1 K 

210 

lO.'U 

November 18 

. 01.21.24 

10..1N 

70.5 K 

220 

lO.'U) 

.1 une 20 

. 14. .10. 10 

lO.lN 

7JK 

2;’.o 



RaluchiNian. 




1020 

Heplember .'1 

12.O7..10 

20.1 N 

02.2110 

im 


^ Hnfirtin of the O(‘oto(/ica1 Socuti/ of Anurieo, 49, 
February, PJJS, 
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EARTHQUAKE PROBLEMS OF INDIA 


Till* twenty shocks iVoin nenrly the sjiine locus 
in the liinilii Kush constitute n rcmarkutilc series. 
There is a surprisinji: persistence in activity from 
this source. \Vc have thus two distinct rejiion.s, 
namely the borderland between Assam and Ibirma 
and certain part of Ibduchistan in which tlie 
eartliquake foci have depths between lb‘l)-l.*{0 Km. 
Tliere is a third rej»ion in the neiji:hbourhood oT 
the Hindu Kush, where the depth is ‘icnei’ally 
between 220-250 Km. Karthipiakes haviiii*' normal 
dej)th of less than 50 Km. liavc been reconled 
in tiiese rej^ions. Kamanatlian lias independently 
collectid a series of seisnio'^i'ams in reflation to 
some of the d(‘ei)-roeus (‘artliiiuakes in these* 
reji:ions.“ He concludes that the de])ths of the 
oriji’inal disturbances of nniny (d* the earth(|uak<‘s 
in the roj*ion of the Khasi and .laintia Hills are (It) 
to SO Km. Klsewherc in the Indian area, all earth- 
epiakes have mirnial depths; at any rale no <b‘<'p- 
foiais earthf|uakes have yet been identified. 

It has been su^uested that the causative 
mci'lianism of normal and deep shocks is probably 
the same . The deep shocks show no surfe.cc waves, 
but in o11i(‘r I'cspeets the deep and normal shocks 
show similar (diarai tei’istics. Hoth types of shocks 
aiijicar to bi* due to a sudtlen release of y:rowin‘;’ 
strain. It has bei'ii held by some that the lar}.*e 
shear waves observed in both types i»f shocks 
woubl indicate that neither of them could be due to 
sudden ex])losit)n. Such a conclusion would be 
rcasonalilo if the acti<»n of the deep-seated 
bathyscisni which would pro<luce such an explosion 
is a.ssunicd to be perfectly symmetrii'al about a 
I'cnti’e. When the exiilosion causes fractures in 
rocks in an irrejiular manner, the production of 
shear waves is not excluded. 

The waves which each eai’tluiuake sends out in 
dilf'erent directions briii^' with them information 
not only almut its depth, lint also about the earth’s 
interior as well as the crustal layers, provided we 
liave the means of recording*: and .studyinj*’ them. 
The followinj*: arc the phases which are now 


“c/. Prov. hul. Siif'urr Confprss, Part It l-alciif Isi, lO.’tS, 

l>. U, 


readily recoj^nizeil in scismojrrams (fij»s. 1, 2, 
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EARTHQUAKE PROBLEMS OF INDIA 


P - First ])iM*rnni!iary tivinors, 

lon#»itu(liruil waves that have 
passed below the erustal 
layer's. 

P i\Y P(j /'-type waves, whose patli tioes 

not K'o below the lower 
boiimlary of the j^ranitie 
layer. 

P* y^-lype weaves diffraeted or 

refraeted behiw the first 
major diseontinuily in the 
ernst of the earth, {boninlary 
between the «:ranite and the 
intermediate layers). 

PP — /'-waves n'heeted onee at the 

(‘arth’s snrfaee. 

I*PP ■■ /'waves refleeted twi('e at the 

earth’s .suri’aee. 

- Seeoinl jireliininary tremors, 
transverse waves which have 
passed below the erustal 
lay(‘rs. 

iS' or % = AS-waves whose path does not 

j*o below the lower boundary 
of the f»:ranitie layer. 

aS* "■ AV*waves (litTrae ted or refraeted 

below the first major dis- 
eontiniiity in the erust of 
the earth (lower boumlary of 
the jjfranitie layer). 

*S’,S ~ ASf- waves refleeted onee at the 

eartli’s snrfaee. 

aVaS\S' AS-waves refleeted twiee at the 

earth’s snrfaee. 

PSlS'SP ~ Waves transftirmed from /'to 

iS (and rice rrrsa) on re- 
lleetion at the earth’s 
snrfaee. 

K = Siymbol used to indieate part 

of the i)ath whieh lies inside 
th<‘ earth’s eore when it is 
traversed as /'-wave. (The 
old symbol for this is cPc). 

PKP or P^ — /^-waves that have traver.sefl 

the earth’s eore. 


PKPr 4 - 

PKP2 “ The two branches of PKP. 

PKKP ~~ /'-waves in the mantle refraet- 
ed and internally refleeted 
in the eore. 

SKH '= AS-waves transformed as /'- 

waves when entering? the 

core and re-trans formed as 
aV- waves when leaving the 
core. 

SKKS ASf-waves in the mantle refraet- 

ed and internally reflected 
in the eore as /'-waves. 

PKS = P- waves refraeted thronfrh the 

eore but transformed into 
AS-waves when leaving*; it. 

PrP ~ /'-waves refleeted from the 

outer snrfaee of the eore. 

SrS — aV- waves refleeted from the 

outer snrfaee of the eore. 

/'eN, aS'( 7* - Meaninj>‘s are similar to PS^ 

aS 7'/ but refer to waves 
refleeted at the outer bound- 
ary of the eore. 

(r Fast snrfaee shear waves 

(after (Jutenberjr) ). 

L — Ijorif^ snrfaee waves of irre- 

{^nlar form at the be»:innint» 
of the “ ])rineipal i)hase.” 

.1/ ~ Shorter and more refill la r 

surface waves of large amiili- 
lude whieh follow the L 
waves. 

Jl/i -- First maximum in the surfa<*e 

wave phase. 

d/2, d/;,, etc — Second, thinl, etc., maxima in 
the snrfaee wave phase. 

F End of discernible movement. 

Special phases of deep-focus earthquakes. 

pP “ /'-waves from a deep foens re 

fleeted at the earth’s snrfats- 
near the epicentre. 

.sP waves from a deep foeii> 

refleeted at the earth s 
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EARTHQUAKE PROBLEMS OF INDIA 

sui'i'afo as /^-wavos near tlio 

waves from a deep foeiis re 
fleeted as N-waves near the 
e])ieeiitre. 

ftS N-waves from a deep foeiis re- 

fleeted as waves m‘ar the 
eiiieeiitre. 

pJ*r/\ sScS, ete. have similar 

sij*iiifieanee. 

It is easy in many eases to note whether a phase 
had an im])nlsive or sharp hej^inninji' <>i‘ whether 
the phase emerj^ed firadnally. In partieular. hy a 
eareful examination «)!* the first phase we ean often 
say whether the shoek ))e‘*an with an initial dilata- 
tion or eompressioii. All lhes(‘ fin'iiish most 
valnahle information re^anlinj*- the origin of t!u‘ 
eartlKpiake. It is well known that the seismo- 
«:raphs in India are too f(‘w for detailed analysis 
of loeal earthquakes. Most of these, heinjr of tin* 
Milne-Shaw ty[)e, are not ])r(ivided witli a snf- 
fieieiitly open tiiiH‘-seal(‘. In n(‘ar eartlKinakes 
the phases jiet crowded toj>'ether and a more open 
timescale is needed to distiimuish them. More- 
over, there is no vertical seismo<i:ra])h in l?idia, and 
our information about earllupiake jiliases and their 
j’elative int(‘nsilies in the three eoi.iponents is, 
tlierefore, always ineomi)lete. 

A (juestion which is of vei'y j»reat ])ra<*tieal 
importaiiee is: What displaeement and acceleration 
are prodiued in the j^round by our most violent 
eartlupiakes, as on this (juestion depends the safety 
of our existing- houses and other structures and also 
the specifications of our future buildings. Answers 
to this (piestion have been provi<led to a certain ex- 
tent by indirect metlnxls during post-jicolojjieal 
survey of earthquakes, but there are now excellent 
stron}>:-motio!i displaeement ami aeeehn’ation 
seismojrvaphs available. Many of the.se are in use in 
Japan and America. There is none in use in 
India. Kaeh of the.se instruments which resjmnd 
directly to the earthquake has a .startinj^ device, 
an automatic recorder, a time-markinj^ clock, the 
neees.sary optical system and lij^htinj? arranj'c- 
ment, electric circuits and batteries. The auto- 
matic starting device and st)me of the special 


features of the automatic recorder are necessary 
in order that the instruments may remain in a 
state of inactivity until an ('ai'th(|uakc oc(*urs and 
then instantly start making the record of the 
movement. 

A line of develo|)ment which has been eai'i’ied 
on in Japan is the mea.surement of i‘art]i tilt as an 
indication of wdiat may bc‘ going on. Several 
tyj)fs of tiltmetres have been developed and used 
in Japan for this purpose. In America tiltmetres 
have been devehiped using the principle of inter- 
ferometry, the .sensitivity being so arranged that 
a change of one fringe between crosshairs re- 
pre.sents a one-second change oi* one-half-secoiid 
change in tilt. 

If the best i)ractical use is to be iinnle of the 
seismic data, thei*e must be simultaneously a 
survey of the vibration charac teristics of ditferent 
types of buildings as well as of lumlges and bridge 
])ier.s. This will be clear from the following 
consideration. It is obvious that if the height to 
width ratio of a building is very largi*, tlexural 
distortions are of importance and sheai' may ])lay 
a small role. Ibit Just how large this I’atio must 
he before shear may b(‘ iiegh'cttsl reipiires an ex- 
l)eriim'ntal answm*. It is al.so necessary to 
determine the elTcct (d' a yielding foundation on 
the periods of a vibration of a building, a trans- 
latory yielding, a rotatoiy yi(‘lding, and a toi’sional 
yielding. In Japan and .Vmerica, tin* vibraten* 
and vibrogram prog?*amme constitutes an 
im])ortant adjunct to eartlujuaki* n‘search. 

In this bi’anch of geo|)hysics, we have a vast 
fiiJd bn’ work in India. Most fruitful results are 
bound to be obtaimsl in the interesting mountain 
ranges of A.ssam and of the Nortli-West-Krontier 
where we get normal as well deep-focus earth- 
quakes. We may get an answer to the (pjestion 
why repetition of shocks from nearly the same 
focus occurs within a com])ai’atively short time, 
a few months or years. In his presidential a'ldr(‘ss 
delivered in the Section of (Jeology and (Jeography 
of the twenty-foui'th Indian Science (’ongress, 
(Hyderabad), ISJ7, West lias given an excellent 
review of the relationshij) between eartliquakes 
in Imlia and its geological structure. He shows 
that almost all severe earlh(|uakes are loeated 
along the tianks of the Himalayas ami its associated 
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l■{my:(^s, while none oeeiii* in assoeiution with the 
ol ler Aravalli, V'indhya or Satpiira l•an«:es of 
Peninsular India. The faet that tlie 1‘orination 
of mountain ranf>:es is inevitably aeeompanied by 
the fraelurin**’ of the rocks alonj*: faults and over- 
thrusts and that eartluiuakes <*an sometimes be 
definitely correlated with movements alon*^ faults 
explains the association of eartlupiakes with 
recently formed mountain ranjics, or with those 
that are in process of formation. The balance 
of cvl(h‘nce su^jicsts that most eartlupiakes orif»ii- 
nate in movement alonji faults, thoiiji;!] the nature 
of the faultinjT may be variable and not necessarily 
cimne(*te<l with fnldiim-. The mountain ran«:es in 
Ibilucliistan and in Assam show interestin'** 
peculiarities. In lialuchistan there is a peculiar 
re entrant an»le in the aliynmcnl of the hills, ami 
West simi’ests that this has proliably been caused 
by an under‘*‘round tongue of Peninsular India 
obstnictinj* the free movement of the fold towards 
the southeast. The Archaeon blo(*k of the Assam 
ranjue slopes ‘•ently northwards and is believed to 
underlie the entire lb*ahmai)ulra Valb*y of Assam, 
with relatively thin coverin'^ of alluvium. This 
frajUTiicnt of Peninsular India, a(<‘ordin»' to Pox, is 
rent by c'ro.ss faults tendin'*' north and south which 
have slii'cd the block into fraj*iiicnts that have 
been pushe<l southwanls in echelon. One of 
these faults is the Ohadran»' fault which was 
foriiu'd duriim the j»reat eartlupiake of 1H()7. In 
his atrount of the Dhubi'i Kartlupiake of I9tt0. 
Oee exprc.ssi'd the o])inion that lines of fractures 
have bemi developed alon»»‘ the northern border 
of the .A.ssam ranue as a result of the ailvance of 
the Himalayas towai'ds the south, and that a 
definite zone of stnu'lural weakness exists there. 


How is tlie strain produced in the Hiiulu Kush 
at a depth of 220-2r)() Km? Would the occurrence 
of both normal and deep focus earthquakes in 
A.ssam, in Paluchistan and in the Hindu Kush 
be accounted for by a slow dis])lacement, which 
persists for lonj*' periods of time, of blocks as a 
whole which cover wide areas and have consider- 
able depth ? Hutenber'*' and Richter remark in the 
paper referred to above that such a view “is 
consistent with the {ieoloj»ical evidence of similar 
displacements alonjr parallel or nearly parallel 
faults over extended areas, such as has been found 
in (California. These displacements have been dis- 
cussed recently by lUiwalda (Uh]7). In searchinj^ 
for a possible cause of such re'iiularity of displace- 
ments, one not<*s that the accumulation (»f ei)i- 
centres of both normal and deep shocks about the 
marj»:ins of the continental blocks suKj*ests a 
motion of each block as a whole — a motion which 
may be a rotation, a displacement, or both. The 
fa(t that the <iee[)cr shocks oc(Mir farther inland 
from the continental marj>ins than the shallower 
ones may be explained by assumin'*: that the loa<l 
(d* the Ciintinents iiroduces an outward t)lasti(* 
flow towanls the Pacific Hasin at the surface, with 
a compensatin'*' movmnent in tin* op])osi1e direction 
at dc])th. SiU'h movements arc, of course*, much 
slower than the accumulation of the strains in 
otlu*r diri'ctions, which are released in (‘arth- 
(piakes.'’ 

Por a (b'termination of the precise nature of 
the shearin**: or faulting*' movements of the type 
pictured above u .* need recen-ds from a net-work 
of seismoloj>ical stations in these rewions. It is 
also necessary to carry out seismic prospect iiif*' in 
the rej;ions to determine the lay-out (d* the crustal 
layers from time to time. 
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The Origin of Wheat and a few other 
Cultivated Plants 

Anil Mitra 

Depart liinit nf Itotaliy, I'lii \( riit \ dI' \ 'lali.ili.nl. 


Thk iiatiiro of tlir slops Ihroiijili wliioli man lirsi 
loarnt to j»row his own food or, in otlnn* words. 
boj>an to (‘ullivalo, will Dvor roniain olisoniv. \\> 
may, howovor, imawino that at first In* liked the 
seeds of oertain wild grasses and hej»:an to eolloot 
them. Then hy a v(*ry hi**' advant'e In* sowed tin* 
seeds and readily obtained tnore of them than by 
relyirif*’ on tliosc* that jirew spontaFn*onsly. This 
proeess must have taken very lonj» in the nonnnlie 
or senii-nomadie eoiiditions prevailinj*- at tlie time. 
Lat(*i* iirnler favourable eotiditions the people 
settled in some ])laees and Ih***;^! to praetise 
systematie a^rienlture. ITnits about these stages 
may be obtained from observations. t)nly al)out 
Tf) years aj;-o iti tin* Punjab the poorer elasses and 
the nonnnls were ae(Mistojned to use the .s(*eds of 
wild j»rasses for tln*ir food -tin* fallen .s<*eils beiiif* 
“ swept up into straw baskets.” Till reeently the 
lh‘d Indians of Amei’iea us(‘d to beat (uit atid 
(*oll(*et the f»rait]s from the wihl riee yAzaniu 
but tln*y W(*r(* also eareful to .seat ter some 
of the .see<Is for fntni’e erops. 

After aj»;rienttiire was onee establislied attention 
was probably direeted towards the aeiiuisititni (d’ 
more suitable grains and this jiradually resulted 
in the production of ( |■(^ps dilVei'iiijL*' markedly from 
the ori^'itial wild forms. This, in the ease of wheat 
and a few other crop plants, must have taken place 
111 a vei’y distant past. Kor the earliest rec»»rds 
in our possession show wheal and other j^rains very 
little difVerent from the pre.seni ones. At 
Mesopotamia from a Sumerian house of about 
‘IbOO B.C. a fine re«l and black jar eontaininji; 
wheat was fouml. Similar findings have al.so been 
made from the oldest hake-d\vellin«:s of Switzer- 
land and the Mj^yptian tombs 000— 4,000 I>.(\) 
Wheat has also been bnuid in the 4000 year-old 
Mohenjo-daru Civilization of India. 


(.'onsiderinj*- this anti(piity of wheat cultivation 
it is naturally diflicult to ascertain the source and 
place of its t)ri«»in: (‘specially when we know that 
it is jirown all over the W(U*ld and that there are 
nundierless vari(*ties. According’ to Percival, “ No 
month passes without a cr-tp of this ct*i(*al beni}*' 
harvesti'd in some rej*ion or the oth(*r.” hi the 
r.S.S.K. Institute of Plant Breeding- on Dec. 2S, 
1923, Vavilov had 29,700 vari(*ties und(*r cultiva 
lion and In* beli(*ved that the numb(*r (d’ e.\istin«' 
forms had to In* count(‘d in milli(nis. These 
numerous forms are, how(‘Ver, varieti(‘s of the 12 
known specit‘s of wlu'at which can easily be placed 
in three main j»:roups: — 

(1) Tin* <)n(*-‘»rain(‘d wheat Trifir urn 
mnnnrorvnm al.so known as “ Kincorn ” or “ small 
.sjielt.” It is j»rown as a forajii* cro)) and is also 
(*aten. It is very hardy but prodiKTs dark-brown 
bread. Tin* number of chromo.sonH*s in onlinary 
cells is 14. 

(2) The “Kmni(*r” fri'oup or “Hard” wheats 
-There are seven species including*- Triiirum 

ilirnrvum (emmer wheat ). T. duruin i macaroni- 
wheat- -the second most widely cidtivat(*d sp(*ci(.*s) 
and T. lunfidum lriv(*t- or conewlu'at). Tlu’se 
are (*alled “ hard ” wheats because wh(*n the 
}i:rains are broki*n tlu*y pre.seiit a steel-like app(*ar- 
ance due to less moisture. 'Ph(*sc* are diflit'ull to 
j»:rinil but, when milled, yield a lar^»er percentaj^:e 
of Hour. They contain mon* ^lidc'ii and .so are of 
belter bakin»»‘ (|ualiti(*.s. The numb(*r of chromo- 
somes is 2H. 

(2) The “ Soft or Bread-wlnmt j>?rou[) -This 
has 4 species includin'*: the common wheal (7*. 
nilfjan) and T. rnminulum (club or hedj^eho**’ 
w’heat). These* an* “ soft ” wheats becau.se the 
interior is wdiite and mealy due to a lar«»er pereenl- 
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affe of water. The yield is f»enerally riiore than tlic 
“ hard wheats. The number of ehromosomes 
is 42. 

Vavilov’s Work 

Durin;* the rel)uildin.i^ of Russia after the 
socialist ie revolution, the S(»viet wanted to plant 
the best available v.*irieties for their af^rieulture. 
Before this the Russian ])easants like their In<lian 
broth(‘rs of to-day sowed their fields anyhow. 
They sowed wimmIs tojrether with jjrains, infected 
seeds alonj? with ^^ood seeds and idanted many 
varieties all toj^ether. Expeditions were* sent to 
dilVerent ])la(es to eolleet the available varieties. 
In 1924 X. I. \'avihiv, now director of the State 
Institute of Experimental .\^ronomy of Russia, 
with two other scientists set out f(»r Afjrliaiiistan 
which was by that tiim‘ very little explored. 
Travellinj»: lhroiu*h this roujih and dangerous 
country, infested with bandits, and without any 
maps or roads, they found on the top of the moun- 
tain ridges, mainly at an altitude of r>(M)() ft., many 
unknown and new varied ies of the j?roup of “soft’* 
or Bread wheals. Some had awns (beards) wdiieh 
were very bij»- while in others they were short or 
lackinj;. The colour of the heael varied from while 
to reel, bluish or black, and the f?rains exhibited 
all kinds of shape, size, and colour. Sometimes 
as many as 15-20 varieties were foumi j»rowinfj: in 
a sin^^le fiidd. Struck by the ji:reat diversity of 
forms in a c(mnlry where only 2% of the land is 
under tillage, Vavilov tried to explain his findinj»s 
by assuminji: this place to be the centre of orij^in 
ami distribution of this ; 4 rou|) of wheats. Ajres 
a«o “ soft ” wheat originated from its parents in 
some unknown way in this country, and the people 
be}»an tc> cultivate it. In the course of thousands 
of yeai’s they obtained many different kinds, some 
or other varieties of which were specially liked 
and taken to different countries by the caravans 
of traders, mij^ratinj^ people and eon(|uerinf< 
hordes (like the armies of the Assyrians, Alexander 
or (dien^iz Khan). Thus they sjiread north, south, 
east and west, but only fewer and fewer varieties 
could reach the more and more distant places. 
Only in their native land the representatives of all 


the varieties were preserved. This theory of 
Vavilov finds (‘orroboration from evidences from 
(1) arcliieology, chiefly of the ancient routes of 
the caravans and invaders, (2) history, especially 
from the ancient manuscripts, and (3) above all 
.from the distribution of the species ami varieties 
found all over the earth. If we analyse the 
number of forms of soft wheat j^rown at different 
places we see that only a few^ varieties arc found 
in Europe and North and East Asia, where the 
same kinds occur aK’ain and af>ain. But as we 
approach the ref^ions »)f South-West Asia like 
Persia, we notice many more different varieties 
until when we reach the eastern Afghanistan and 
the Punjab we fiml the number of varieties to be 
enormous, there beiiijr about 50 varieties of T. 
vomimvium and about fiO of T. vnlijnrv, as compared 
to about 22 found in India and only 12 in Italy 
of the last species. \5ivih)v also notictvl that not 
only the number of varieties was larj^e l)ul most 
of the characters (coloured cars, hairiness) weia* 
such that they b<‘have as dominant characters in 
hybridization. The farther we recede from this 
centre of distribution the more recessive 
characters do the varieties show. 

Pursuing? his aroTiments on exactly similar lines 
Vavilov showed that llu* “ emmer ” or the “hard” 
wheats Mated in East Africa specially in 
Abys.sinia. No plant from this j*'roup is found in 
Af^^hanistan even as admixtures but in Aliyssinia. 
more than 40 varieties of the “ emmer wheat “ 
with clearly dominant characters arc observed. 
Thus, according to Vavilov, the present-day culti- 
vated wheats have a duel centre of orijirin - tlu‘ 
“ Hard ” wheats ori{»inated in Abyssinia and th(‘ 
“ Soft ” wheals in Al^hanistan. This donbb‘ 
oriL^in is also indicated from another source. .\s 
has been pointed out before, tlie two kinds of 
wheat are not j»:enetieally alike (the former 
possessilif^ 2S chromosomes and tlic lallcr 42) and 
hybridize only with difiicnlty which points \u a 
separate ori«:in. The first «:roup — one-f^rained 
wheat is not much cultivated and probably 
uri;<inated in Asia minor. 

Thouf>ji the place of orif^in has thus been found 
out with more or less eertainty, tlic actual parents 
of the wheats of to-day are not known. There arc 
several views about their origin; — (1) Derivcil 
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from wild speoies now extinct or possibly awailin^^ 
discovery; (2) greatly changed descendants of 
common wild forms (Fabre), or (Ji) according 
to Schulz these originated from various groups 
rather than from a single species or group. The 
origin of the one-grained wheat is fairly certain 
and it probably arose from the wild grass Tritinim 
acgilopoides found in Palestine and Mesopotamia. 
Another wild grass Triticum dicoccoidvs was dis- 
covered by Aaranosohn in Palestine in 1906, who 
called it wild enimer and attributed to it the 
parenthood of the “ hard ” wheats, but V^avilov 
does not accept this view. The origin of the 
Soft wheats is also shrouded in mystery. 
According to some, these have originated not from 
any wild form but from the “emmer” group either 
directly (Aaranosohn) or through hybridization 
between the ‘‘ emmer ” wheats and some wild 
grasses. According to \^avilov and others, their 
ancestors await discovery somewhere in Afghani- 
.stan or North-West India. Taking into considera- 
tion what has been said previously, the last view 
seems to be more plausible, 

Harley is also another ancient crop having been 
found in the Egyptian monuments. There are two 
groups — the 2-rowed and the 6-rowed ones both 
■ of which probably arose in Palestine and Araliia 
from the wild form llurdcum apontancum, 

Hye used to be grown mostly as a forage cnip 
but, in Russia, had become almost the chief grain 
due to its hardiness and ability to withstand severe 
cold. Though least ancient its origin is uncertain 
but some believe the wild species Sa ulv monfanum 
found in the mountainous regions of the Mediterra- 
nean to be the parent. According to Vavilov, 
Afghanistan, where it occurs as wee<l, is the place 
for its origin and distribution as there are a 
number of endemic varieties. One siuh variety is 
called the Scattering rye. The stalk of the head 
is very brittle and before the wheat is ready for 
harvest its head breaks to pieces and the grains 
are scattered. Thus its seeds are rarely found 
mixed with wheat, and so it has never left the 
land of its birth. On the other hand, the non- 
seattering varieties were harvested along with 


wheat and carried away by caravans and traders. 
In the northern Russia botli were sown together, 
but due to the intense cedd the wheat difi not grow 
ainl the people were forced to cat the bladv bread 
made from this weed which survived. Such 
behaviour strengtheinul the supm-stitious belief 
that wheat couhl degenerate into rye. 

Oat is also another crop of recent origin, 
being probably first cultivated in the Hronze Ages 
in Mid-Kurope. According to Vavilov, it orginatcMl 
from weeds growing along with tin* cultivated 
(‘ereals and the dilTerent spc*ci(\s pi’obably arose at 
difierent geographical centre's from tlifferent an 
cestors. As in the case cd* aiiothc'r wi'c'd rye, 
peoj)lo siippcKsed oats also to originate through 
degeneration of wheat. Pliny in 1601 wrote, “The 
first and principal detect observed in bri‘a«l come 
and wh(*at (‘specially, is when it cloth degenei-atc' 
and turne into Otes; and not imely it, but Harlc'y 
(Icdh the like.^» 

Rice eonstitutc^s the staple food for more ])cople 
on this earth than any other crop. Prehistoric in 
origin, its (‘arlicst records arc' found in the oldest 
(diinc'se writings. It is essentially tropical and 
evidence's point to South Hast Asia as its probable 
home though some wild forms arc found in South 
America. 

Potato reachc'd Kurope at the close of the 16th 
century when a traveller from America brought 
back some of the smaller varietic's that were' accom 
niodated in his ])ocket though bigger ones 
W'cre po.ssc'ssed by the Ued Indians. These became 
the forefathers of all the cultivatc'd potatoc's of 
Kuroiie and even of thc' world because some' were 
sent back to North America and the peeiple nf the 
r.S.A. now eat potatoc's that have ‘ iwi<*e crossed 
thc Atlantic.' Taking the number of forms and 
their diversity as criteria fen* thc centre of origin 
Vuzepchuk and Hukasov, members ed‘ the Russian 
expc'elition in 1929, delermineel (Mdli ami the l*eru- 
Holivian regieni as the pre)bable home eif this ere)]). 
Here thc'v found more than 12 cultivatc'd and )»() 
wild spc'cic's in place of the previously known single 
cultivatc'd one. This finding is supported by 
striking evidences of a Megalithit civilization in 
that region. 

The sugarcane had probably two centres of 
origin. Thc thick or “ Noble " varieties originat- 
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t‘(l in OtM'juiiii Mild Xcw (iiiinoM hut tiudr iTHronl 
is nut kiiovvii. Thu otliur vnriuly -tliu tliiu or 
Indian canus accordin** to Ihirhur, orij»:inatod in 
India in tli(‘ in'i}»]dM)urhond ol! liay of Runj^jil from 
the wild sjK'cius Sacrhdrnm spontnniuin (Kas). 
Siijiaruain* uuHivation is v(‘ry ancient in India. In 
the laws (d’ Manu we find “ stealer of siij^ar w'ill 
he yiunished in the liereafter hy heeondnj^ a hat; 
nevertheless if a ‘ twice horn ’ man, while on 
journey, finds his provisiems exhausted, it is lawful 
for liim to take two suffai’canes from the field of 
another.” 

We may now consider some of the important 
j»enerali/ations result inj»- from the application of 
Vavilov’s methods of •geographical distrihiitioii of 
characters in the stmly <d‘ the origin of crops. 
Kirstly, it has In^en shown that the cultivatisl 
jilanls fall into 2 crimps: ( I ) primary crops which 
include all the ancient er(»ps known only from cul 
tivalion. These are wh(‘at, harley, rice, soyahean 
llax, etc.; and |2) secondary ones, which orij»inat- 
ed from the W(‘eds mixed with the tirimary crops 
as rye, oats, etc. Next Vavilov has come to the 
sur])risin^' conclusion that “ mountainous districts 
were the home (d* ajiric'idtiire ivitln'r than the 
traditional view of river-hasin ar(‘as.” 'Phat is 
to say, agriculture started in the mountains and 
only later spread to the river-valleys. From a 
study of the distribution and orif»:in of all the 
cultivated ero])s, he has shown that there are 5 
prim ipal centres of their origin and all are situated 
in the mountainous regions. These are; — 

(1) South West Asia (The Hindukush ami 

the Himalayas) — l»read-wheat, rye, 
small seeded flax, leguminous crops, 
such as jieas, lentils, etc., o]<l-worJd 
cotton, turnip, radish ami carrot, 
onions, apricot, peach, pomegranate, 
walnut etc. 

(2) South Hast Asia — Millet, soyabean, rice, 

sugarcane, sorghum, tea, and fruit 
trees, such as liana na, citrus, etc. 

(2) (’oastal regions (d* the Mediterranean - 
“ Kincorn ” wheat, large seeded llax, 
beet, olive, cherrit'S, fig and nuts. 


(4) North-East Africa— “ Hard ” wheats, 

barley, beans and forage plants, doob- 
grass, some millets, sesame, castor, and 
coffee. 

(5) C’eid ral and South America — Maize, 

potato, tobacco, new-world cotton, 
ground-nut, rubber ami cacao. 

In this conneeti«>n it may not be out of place 
to mention that in a recent paper {Nature^ Jan. 11 
& 18, I9Jfi) Dr llainshaw Thomas suggested that 
the origin of the great variation found on the 
mountains may be due to the greater intensity of 
the (’(Lsmic rays and the freciuency of their 
showers in those places. 

Vavilov has also shown that most of the domi- 
nant characters found in the different varieties 
are comentrated at the centres of distribution and 
tin* geographical spread has resulled in a process 
of simplification and liberation of the recessive 
characters. 

The value (d‘ Prof. \'aviIov’s methods to pracli- 
<*al plant bri‘eding has been enormous. He has 
shown to us where to look for new varieties pos- 
sessing new and desirable characters which, if 
necessary, may be combined with the characters of 
our cultivated filants and make them bett(*r yield- 
ing. Not only this. If his conclusions stand the 
test of further work, it can easily be extended to 
the stmly of the history of man ami his domesticat- 
ed animals. It can be noted that m(»st of tin* five 
principal centres of the origin of crop ])lants, 
enumerated above, are also the places where the 
different coloured races are concentrated. Like 
the crops of these places the eoloure<l races also 
po.s^ess characters (tlarker skin, curly hair) wdiich 
are clearly dominant. And just as the colour of 
the crops (cereals) become lighter as we go farther 
away from th(‘ir centiTs of distribution so the 
human types also lose their pigmentation. Thus 
an important eluc to the beginning of civilization 
has come from an entirely nnexpeeted smiree. 
Though of such great Iheoretic'al and practical 
importance Prof. Vavilov’s w'orks are maiidy in 
Uussian but it is gratifying to note that he him- 
self is writing an arlielc iji English which will be 
awaited with interest. 


SCIENCE ft 
CULTURE 


646 



THE ORIGIN OF WHFJ^T AND A FEW OTHER 
CULTIVATED PLANTS 


The rollowiiijr piihlirations liavo Ik‘(Mi consult- 
cd for materials: 

(1) Hill, and nionntain.^. London. 

(2) Marlin & Leake Utcinl ddiwr.v in 

Afp'iniltund Plan! Jircidiny. L^nnlon. 

\m. 


(It) Arlier, Aixms T/h (tvamimai. (*am- 
l)rid»e, 19:i4. 

(-1) Haldane, »J. It. S. Tin Inuiualifij af Man. 
liondon, 11)42. 

(o) Xalun -\'arions issues. 

(()) Bhhuiind Ahstracls \’ai’ioiis issues. 


Twenty Years of Soviet Optics 

V. M. Tarliiilanovsky 


Tirrnhj Vrars af Savuf is Ihc 

avlivJv foUawiny “ T aunty Ytars of Savirl 
Idnjsu'sA' rcyrtnlaad in anr bfst issue from tin 
“ Plnisilnitisrltf Zntschrift drr Sairjet union 
in this (trtieti V.M. Tst’h utanorsh'!/ it.c., 12, pp. 
5^6-52.'), PTi7) (/ir(s a nsumi of tin worh <hnn in 
the fnid of Optics tlurinfi ihc last twenty ytars in 
the Soriit I ’man. 

-Ed.. *SV. & fa/. I 

Thk foundation of lar{.ie-seale Soviet o])ties was 
laid sliorlly after the Oetoher Revolution. Itet'ore 
the War of 1914 work on opties was earried on in 
ILissia b.y a few .seienlists almost exelusively in 
university laboratories, without yreat ])r(»speets 
of development, witli little mutual eontaet and 
without any relations whatever to tlie problems 
of industry. 

At tlie Physieal Institute of the St. Petersburj* 
l^iivorsity 1). S. Ro.jdeslvensky was then i)ursuin»: 
his i n vest ijiiat ions on anomalous dispersion, whieh 
have sinee beeome elassical. (lolitsin worke»l in 
the Aeademy of Seienei's on sevei'al speetro- 
seopieal subjects, sneh as the Doppler elleet, the 


struetnre of nu‘reur,y lines, the Ihetiry of the 
eehelon s])(‘etroyraph, ete. 

Various optical subji'ets wen* tia'ati'd in 
Mosciiw, in the laboratory of P. N. Lebedev, 
amonji’ them in the tirst i)laee the work on lif.iht 
pre.ssure by Lebedev himself. In tin* same labora- 
tory T. P. Kravets invesliyated rej»ularitie.s in the 
absorption of lijiht by oi’jianie dyes. P. P. Lasarew 
established tin* fundaim‘ntal laws of pholt)ehemi<*al 
reaetions eonneeted with the bleaeliin^*’ of dye- 
stuffs. Kiehenwald work(‘d on tlu* the(n*y oi the 
passaj»e of liuht fi'om mu* nu*dium to another. 

(Johlhammer at Kazan worked on various 
opti«al (piestions, amony them the theory ot the 
anomalous dispersion. 

The optieal industry was then in an embryonie 
state. Optieal {ilass was not manufaetured in pre- 
War Russia, just as in im»st other eountries. 
0]»tieal in.struments, almost exelusively foi’ war 
purposes, were manufaeture«l in ne^dij^ible puaiv 
tities. Their manufaeture depended to a larj«e 
extent on the foreij-n capital. There was only mu* 
man in the eountry, A. L. (iershun, who knew how 
to ealeulate an optieal system. The War showed 
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Hint siu'h a state of affairs was catastrophic and 
could no loiiyer be suffered. Urgent measures 
were taken. In particular recipes for inaniifactur- 
in**' a number of optical glasses were purchased 
in Ku^darid and attempts were made to obtain 
such }i:lasscs in Russia. However these attempts 
had very little success. The Soviet rej»ime first 
proceeded to orjranize oidics on a larjye scale and 
to create conditions for its development. The most 
iiii])ortant stc]) in this line was the foundation of 
a State Optical Institute in 191S, which became 
and still is the centre td’ a])plied and scientific 
optics in this coindry. From the very outset the 
State Opti(‘al Institute was planned to be a com- 
plex Institute. This idea found expression first 
in the fact that the Institute united .several 
orji’anizations which were deaiinjr with optics. 
Amony them were a part of the Sub-Oom mission 
«»f Microscopy of the (’ommi.ssion of Natural IVo- 
ductive Forces of the A(*ademy of Sciences, the 
laboratory and the Fom])utation Hureau of the 
porcelain works, the school of 1). S. Rojdestvensky 
at the Physical Institute of the Petroj^rad Uni- 
versity. Moreover several sjiecia lists from other 
institutions were invited. This (omplex principle 
]u*oved to be sound and has been maintained up to 
the present day. 

In a iifreat measure this nris(‘s from the 
licculiarity of opti«‘s as a branch of science. The 
main features of the sciem*e of liji’ht were develop- 
ed about a ccFitury ay:o. The properties of lij(ht 
wei*e found to be very simple, while the interact- 
ions of li^Iit with the vai*ious forms and species 
(d' matter are very diverse. The human eye is a 
most perfect instrument for the perception of 
lij.'bt ; it permits the perception of the properties 
of such objec'ts (very remote or very small) which 
tM» other orjian cd* sense can reach. For all these 
i(‘asons (jptic'S had loiij*’ ayo become an applied 
science* in the wide sense of the word. 

There is no brain h of knowledfye or industry 
in which optical methods were ind directly or 
indirectly employed or could not prove helpful. 
On the other hand, the optical methods are not 
very numerous and there is but little difference 
annum them. The development of these methods 


in one field always stimulates their development 
in an adjacent field. The form of a spectrometer 
or a photometer varies with the object in view; 
but they are eciually necessary in invest ij^atiiif? 
the properties of matter, in manufacturiiifi: optical 
f;las.s, for lighting: tcchnicpie and photopfraphic 
purposes and even for instrument-making. This 
is the reason why in the State Optical Institute 
the centripetal forces always prevailed over the 
centrifugal forces, and it is one of the features of 
its development. The work of the Optical Insti- 
tute always developed along these two lines: (1) 
the search for new applications of already known 
interactions between light and matter (cdiiefly 
ill purely technical work), and (2) the study of 
new, c|unntum interactions between light and 
matter (mostly in purely scientific work). The 
borderline between these two basic directions was 
newer very distinct nor very constant. 

From the outset the manufacture of optical 
glass and the calculation of optical systems took 
the foremost place in wmrk of the technic*al de- 
partments of the Institute. At the present time, 
owing to the work of the State Optical Institute 
partly in its own laboratory and partly in conjunc'- 
tion with the Leningrad Factory of Optical (llas.s, 
the problem of optical glass is entirely solved 
in the FSSH. 

The Oomputation Bureau of the State Optical 
In.stitute has mastered the calculation of all the 
priiuipal species of optical instruments and eom- 
puted a numbei' of its own designs, some of which 
were rather complicated. The office worke<l in 
close contact with the various plants of the Fnion. 
The computation of optical systems, which began 
to tievelop in and around the State Optical Jnsti- 
luh, has attained a high scientific level in our 
country. 

Some years after the foundation of the State 
Optical Institute, a small photometric and opto- 
technical department was formed within it. Now 
the problems of lighting technique and project- 
ing are dealt with in special laboratories which 
have split off from the photometric department. 
Work on colorimetry was carried on successfully 
for some time. The photometric department also 
gave birth to the laboratory of physiological 
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optics. This laboratory has iloiie nuich to briii^: 
the work i)f o(*iilists to a higher level. 

The opioteelmieal department now oeeiipies the 
eentral place in the system of the State Oi)tical 
Institute. It bej^an its work with measurin'': ami 
testing: the foreif^ii-made optical systems. .\t 
present its main task consists in devisin'*' and test- 
inf? oriffinal Soviet systems, in elaboratinj? methods 
of control, workin**' out the t(‘chnolof»lcal proces.ses 
of the manul'acture of optical instruments and in 
constantly lielpiiif? the factories. 

The technical work of the Slate Optical Insti- 
tute is becomint? mon* and im»re closely interwoven 
with the problems of industry. This fact is re 
tiected by the increasing? num])er of topics of 
research i)ro])osed directly by industry as well as 
by the increasiiif? amount ot* time which the colla- 
borators <levole to the work immediately at the 
fa (dory. 

In this brief tuitline we cannot enumerate all 
the fields of ai)i)li(Ml optits in which the Optical 
Institute has jilayed an important and som(‘tim(‘s 
a decisive role, nor vve cite all the names cimnect- 
ed with tlu* most important achievements of the 
Institute. We can but mention the dc])artmenls 
(d* photofivaphy, applied ])hysical opticas and the 
astronomical laboratory, which have carried out 
much ami sometinu's very (*omplicated work. 
Those who desire more information may find it in 
th(‘ brief survey (d‘ the works (»f the State Optical 
Institute, “ Material for the Report of Members 
of the Academy S. 1. Wavilow and D. S. 
Kojdestvensky at the March Sessi'in of the 
Academy of Sciem es <if the OSSR, Uldti.” The 
survey has been published by the Academy of 
Science's of the USSR. 

The invest ifi:at ions of I). S. Rojdestvensky 
opened the second line of work of the Optical 
lnstit\ite, the study of (juantum interaction 
between li^ht ami matter. In a series of papers 
bej?inninf*’ in 1919 I). S. RojMestvensky, indepen- 
dent of western scientists, applied and developed 
the fundamental conceptions of l»ohr’s theory for 
the case of many-eb*ctrmi (chiefly monovalent 
and bivalent) atoms. 


A characteristic feature of the subsefpient 
period is the radical chanj?e in our views on the 
structure of matter. The first years of this period 
were years of exi'cedinjily rapid development of 
Ihdir's theory and its mathematical apparatus. 
But afterwards it became more and more evident 
that this theory couhl ac'count foi* only a small 
fraction of atomic phenomena. It became evident 
that the application of Bohr’s theory continually 
evoked new ('ontradictions. Kinally, the conee])ts 
'jf liohr’s theoiy were replaced by wave- 
mechanical concepts. A lon^ list of papers point- 
ed to the possibility of ('orrclaliii'* the results of 
the wave theory of matter with the phenomena 
of atomic pliysics. This W(U*k, which aros(‘ from 
the difficulties mK-ountered in (plant ilatively ex- 
plainin'?, according to Bohi‘’s theory, the 
electronic properties of simple three electron 
lithium, of two electron helium, finally enabled us 
to (‘ompute by wave-mechanical m(‘thods the 
ener***y levels of complex atoms, to understand the 
e.ssential properties of the mob‘cule, to ai)i)ly 
spe('tral observations in estimatin'? the stability 
of the molecule, in studying* (‘lementary reactions, 
etc. The State 0])tical Institute took an active 
part in this work by solving a nundier of jihysieal 
problems and elaborating' new methods and 
apparatus. 

The main subject of research at first was tlie 
atom. The method for studyinj?' the properties 
of its elec tronic shell is spectroj?ra])liy. ’Phe major 
part of the work on this line was (*arrie«| out in 
I he Optii'al Institute by S. K, Frisch and his (*o- 
workers. They studied th(‘ nni'^inUic .si)littinf? of 
lines and worked out schemes foi* the spectra of 
neon and ionized sodium. It was the first case 
in which the spark spectrum was found to be more 
(’omiilicaled than the arc spectrum. Recently 
Frisch f?ave a partial analysis of the (*criuni 
•spectrum. 

In his first works A. .\. Terenin devloiie'l for 
the same purpose and successfully used fo. a 
number of atoms the method of optical excitation. 
To the same f?roup belon‘*s the work of V. AI. 
T.schulanovsky, who explained on the example of 
helium the lines arisiii}?' in the electric* fudd 
and t*'ave a method of delerminiiif?' the “ infra-red 
terms ” in the visible spec t rum in an electric field. 
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It lijis lon^- knnwn that tlio usual serial 
poMsihililies are iusullliei(Mit for the full explnnalion 
of the spectra, r.(/., for that of the so-ealletl hyper- 
fine structure of spectral lines. To llie small 
nunil)er of previously known }iy])erfine structures 
A. N. Kilip(»v ami K. I'\ dross aihled those of 
rul)i<liuni and ionized caesium. dr«)ss and Terenin 
studied the hyj)ertlne structure cd* mercury lines 
iuid(*r o])ti(al excitation. Terenin and L. N. 
Dohrezov discover(‘d alm«»st simultaneously with 
S(diueler abroad the h,yp(M‘tine strueture in the 
sodium spectrum, a partiddarly simple and 
important ('ase from tin* |)«)iid of view of 
tluMU’y. Aft<‘r tin* Iheoi'v of this hyper- 
fine structure of spectral lines had l)e(*u »‘iven by 
Paidi, Krisch and his co-woi'kers in the State 
Optical Institute carried out a lonj^' seri(*s (d* in- 
vest ij*at ions which provided ampb‘ experimeidal 
material in this field: Frisch was also the first to 
establish th(‘ simple relationship between the 
character (d* the moment of the iiiu'leus and tin* 
nund)er of elemeidary partiides in the nucleus. 
During* the last few years the work on the system- 
atization of atondc st)ectra was transferred to the 
most dirii’cidt domaiti, the rare earths. Their 
peculiai’ity lies in the fad that the (‘leefrons 
dederminin^ the most importaid part (d* the 
luminescem'C of these subsfan<‘(‘s are insi<le the shell 
(the incomplete shell (d‘ 4/ electrons), while the 
-•hemical proptudies depend on the external elec- 
trons. In this fiebi very important results have 
been obtained by A. iV. Filippov, V. I. Larionov 
and A. i\. Seidel (Stale Optit-al histitutc). It was 
shown that the fluoresceiu'e of terbium and euro- 
pium in soluti<)n was imlepemlent of the choice 
of the salt of these substances. The multiplet 
structure observed in the spectrum proves that in 
the luminescence the .same eiierjiy Irvels are in- 
volved as in yas atoms. This is a definite ])roj»f 
that the 4/ shell is well protected by the e.\t<*rnal 
electrons and is little disturbed by the forces 
which cause the complete rearrauj^ement t)f the 
levels of the valency electrons. 

The investigations of I). S. i^)jdeslvensky on 
anomalous ilispersiou enabled him to ti:ive the first 
quaiditative methotl of measurinj»' the relative 
intensities of serial lines and to establish the first 


quantitative relationships for these intensities in 
alkaline metals. These i n vest ij>at ions started 
another important line of research in the Optical 
Institute. The interpretatioti of the results of 
these investigations varied to some exteid in con- 
formity with the modifications of the theory, but 
they always provided an essential characteristic 
of the ener'i:y levels of the absorbinji; atom. Work 
ill this direction was extended to the }»roup of 
alkaline earth metals by V. K. Frokofiev and his 
co-workers. Frokidiev and Filippov and later 
Filippov alom‘, invest ij»ated the ultraviolet rejiion 
of the s])ectrum. For this purpose they used the 
the fluorite interferometer di'vised by I). S. 
Roj<lestvensky. From its foundation up to the 
present day the Slate Optical Institute has jilayed 
a leadiny ])art iu research on anomalous disper- 
sion. The workers id' the State Optical Institute 
have <letermined the fundamental constants 
charactt‘rizin»: the transition jirobabilities in atoms, 
which are cited in all textbooks. With investijia- 
lions on anomalous dispersion air closely connect- 
ed the first iiu'asurc'ments by A. \. h'ilippov of tlu‘ 
intcuisity of emission lines. To the same ‘»roup 
of W'orks belonji the first investijiations of M. L. 
Veinj^erov (be^un under A. A. L(‘bedev) on tin* 
majiiietic rotation in alkaline vapours and tin* 
natural bre^adth of tin* lines. 

Alonjisicb* w'ith tin* ('xperiniental study of the 
properties of ebn'tronic shells much theoretical 
work in this direction was done in the Optical 
Institute. Siuh are the works of V. A. Fock 
and his co-w'orkcis devoted mainly to the elabora- 
tion of approximate methods foi* the calculation of 
('omplex atoms. Th(‘ mellu)ds of llylleraas and 
afterwards llartrc'C (the laltcn* was formerly used 
in the Optical Institute*) w'cre not riy'orous enouj'h 
because they elid not cemsider one of the most 
important factors of the bond, the exchanjre 
forces, and consecpiently cviuld not provide exact 
results. V. A. Fock wmrked out a method of 
generalized self-consistent field, which had neither 
of these defects. Fock’s method was then applied 
to the theory of the nucleus ( neisenbert» ) and the 
theory of metals (I. K. Tamm). The enerj»:y levels 
and the relative intensities of Na, Li and AL^ 
were calculated by this method. The decisive 
triumph of Fock’s theory was the compaidson of 
the calculated intensities in lithium lines with the 
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rosiilts of l^'ilippov^s juioinnlous dispersion 
luensurcnionts. The lithinni speelruni shows :in 
fiii()nia],y : the lliird donhlel is hrijihttn* than the 
secMiiid, and this ean ])e (*xplained only hy the 
exeiianj^e i’orees, wiiieh are taken into aeeount in 
Fo('k’s theory. On the liasis of this theory oT the 
syimnetry of the hydro‘»en atom and hy an analysis 
of the Sehrddinjj-er eijuation in momontuni spare. 
Koek developed another method for tin* approxi- 
mate ealeulation »)C atoms with elosed shells. This 
method is very elegant and sim])le, and hy it one 
ean o])tain exaet results five or six times as (piiekly 
as before. 

The deveh)pment of tlie theory of atomie 
si)eetra led to the revival of emission si)eetral 
analysis invented lon» a^») and ahandoned heeaust* 
of insiirmountahh* th(‘orelieal diftieulties. This 
work was also h(‘jiun in the TSSK. 

It was earried out with mueh enerjry and in 
elose eontaet with industry hy (I. S. Landsherjr, 
S. \j, .Mainielstam and others at the IMiysieal Insti- 
tute of the Moscow State Tniversity. They have 
also w’orke<l out th(‘ imdhod and proi'edure of 
spectral analysis (ehiidly for ferrous nu'lals) and 
desij»ned several instiaimeiits for this pur])ose 
(steeloseope, steelometer ) , In the Ojitieal Institute 
til is work also was eari’ied out on a lara:e scale. 
The presence' of [)latinum and j^allium hi suliihide 
ores was stinlie'd, jointly hy A. N. Filipi)ov and 
the Platinum Institute of the Aea<U'my ed’ Sciences. 
The sources of the raw materials for the extrac- 
tion of caesium and ruhidium w'crc indicated 
(Filippov) and a sensitive' method of analysinji- 
themi f>:iven (I. M. Teilmachov). A method eif 
analysinji: tin oi-es w’as develo])e'd and ap])li(*<l (V. 
K. Preikofiev and his co-workers). Two orij^inal 
spectrographs for spectral analysis were desijiiied 
anel several se*ries were huilt (Prokofiev). The 
workers of the Optie'al Instituti' have a])plieil 
spectral analysis in many expeditiems in search 
of mineral ores. At ])re'sent emission spectral 
analysis is useel in many plaees in the I’SSK for 
very difTerent j)urposes. 

A sas diseharj>e in a tube is much iimre ee*one>mi- 
cal than an incandescent lamp; hut the diffieuilties 
encountered in obtaining? white lij^hl j)reveut the 


application of eas diseharjre lamps for ‘»:eneral 
li^htinf*- ])urposcs. While lijfht is aciierally pro- 
duced hy the luminescence of a mixiurc of jiascs. 
Extensive work eonnected with ])arallel study of 
optical and eh'etrieal eharaeterislies in j*as-filh‘d 
lamiis (ehietly with meia ury ami cadmium) was 
carried out in the laboratory of tin* Fleet I’oteehiii- 
(al Institute of tin* Fninn by V. .\. Falii’ikant and 
others. In order to elucidate the ])art played hy 
collisions of the second kind S. K. Frisch and A. 
A. Fcr<'hmiii (Ojitical Institute) studied the 
luminescence of a mixiurc of sodium and mercury 
vapours, in the course of this study they fouml 
]U‘w properties (d* the excitation fnnelions. 

The diflieulties of slndyinji' the projx'rties <if 
electron systems from their spectra rapidly in- 
crease with the numhei* of iiuelei. Fveii in <lialo- 
mie moh'cules it is very diftleult to divi*le the 
electrons in groups dc'terminiii^ the jiropertii's of 
the system and no j^eneral ])rineiple determinin”- 
the formation of eleetronie shells in molecules, 
aualo»:ous to the Pauli principle for atoms, has yet 
been found. Theoretically the ijuestion is eleai' 
only for tlu' liydro^c'ii mohsMile, which has hut 
two t'lcclrons. Fm* the calculation of more e«mipli- 
ejitetl molecules a lU'W' approximative imMhod was 
proposi'd hy II. H. Hellmaiiu ^Moscow, Karpov 
Institute). Tlu' exchange fories of the exl(‘rnal 
and internal eh'ctroiis wi're replaced hy a tietiti- 
oiis repulsion force netwu'cn eh'ctroiis and nneh'us. 

Two attempts to describe tlu* electronic slu'll 
<if diatomi(' im^leculcs were iiuulc in the Optical 
Institute. In the first of these (dissertation of 
M. (I. Wcsselov, carried out umh'r V. A. Fock) 
the Thomas-Fcrmi method was used to cah'ulate 
the charge distribution of the inti'rnal electrons 
and the lleitler-ijondon method to that of the 
valency electrons. The potential enerjjiy of the 
nuclei as a funetion ol their mutual distaiue was 
computed. The calculation when applied to the 
molecule Fia ^ave loo small a valm* for the bond 
enerjfy, hut there is reason to believe that on 
replaeinjf tin* licit ler-liondoii metluMl hy a more 
perfect one it will he possible to obtain rou^di 
(piaiititative results. The second attempt consist- 
ed in lookinjji: for essential criteria for dividing* the 
electrons of homopolar molecules into shells 
(V. M. Tsehulanovsky). It was made on tlie 
basis of extensive experimental material and it 
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was p(>ssil>l«' to (‘stablish for many molcoiilar states 
quite <lcfinite eloelronie eonfi} 4 :u rat ions, in other 
eases the arbitrariness in the eleetronie eonfif^ura- 
tions w^as eonsiderably limited. 

It is dilYieult to estimate the strerif^th of the 
elecironie bond in the nioleeide because serial 
regularity, whieh so mueh faeilitates tlie atialysis 
of atomic spectra, is here almost always al)sent. 
Tfie flitTiculty which prevents tlie solution of the 
fundamental problem of molecular .s])eetroseopy, 
viz., the exact <letermination of the dissociation 
ener^iy of normal and excited molecules into atoms 
and the eorrelation of the molecular levels with 
definite products of disintej'ration, is the lack of 
deruMte knowUMlfie of the true law of interact ion 
between the nuclei as a furH'tion of their mutual 
distance. Ifeme the nece.ssity of jireat aeeura(\v 
in imdecular sj)ecl roscopy, takinj*- into aecoiint all 
the Fiumerous perturbations of terms eonneete<l 
with the interaction of individual electron slates. 
Two new kinds (d* perturbations of electronic levels 
w’(‘re <liscovered in the Optical Institute (V. M, 
Tschulanovsky ) and a complicated case of mutual 
perturbation (d! three levels was analysed 
(Tschulanovsky and H, I. Slcpaiiov). The work 
w^as carried out on molecules of and OO in 
the vacuum re^i<ui, wddch is particidarly iinpor- 
tafd for the study id’ molecular spectra. For this 
purpose precision vacuum spectrographs were 
constructed and the entire techniipu* of work in 
the vacuum region w'as nwised (Tschulumjvsky). 

A series (d' works ( X. \\ Kremenevski ) wms 
tlevoted to eluciflatin}!: the type of bond in mole- 
cules (d‘ mercury, thallium and lead. 

Induced pre-dissociation offers more oi)i>orlu- 
iiities for simlyinji: th<‘ cnerj^y levels of the mole- 
cule. With the increasitm vapour pressure (of the 
substance itself or of its admixtures) the forbidden 
states may be resolved and hitherto independent 
levels may bcfA'in to bt‘ mutually disturbed. V. N. 
Kondratiev and his co-workers (Institute of 
Chemical Physics, Ijcnin^rad) studied the pheno- 
menon of induced ])re-dissociation in diatomic 
molecules of iodine, bromine, tellurium and 
sulphur. 


It is only recently that the state of theory 
permitted a dtdailed study of the eleetronie shells 
of im)leeules. Hefore that more f^eneral (piestions 
were treated eoncerninf? the type of the molecular 
bond and the optical methods of determining: the 
heat of <lissociation. Here wc come to a number 
of w^orks of K. V. lUitkov and his co-workers, 
mainly concerning? the spectra of monoatomic and 
triatom ic haloid compounds (State Optical Insti- 
tute and ljeninj?rad State University). The rota- 
tional-vibrational structure of the spectra of 
complex molecules was treated theoretically in a 
series of papers by M. A. Kliashevich (State Opti- 
cal Institute). In the infra-red ref?ion Veinj?erov 
invest if?a ted the ab.sorption spectra of licpiid 
bromine and solid red phosphorus. The interest 
of the research lies in the fact that the absorption 
in this ease was due to electrically asymmetrical 
formations of identical atoms. 

The method of optical excitation proved to bo 
a powerful iiistrument for studying' the disintcjjra 
tion of molecules and briiijiiny about this disinte- 
j?ration. In this field the Optieal Institute beyond 
doubt plays a very important role t)W'in^^ to the 
extensive work performed by Terenin and his 
C(>-work(‘rs. The w'orks of this f?roup of physicists 
are well knowm : an account of them has bee?i 
i?iven more tluni once ami I shall restrict myself 
to a brief recapitulation of the main lines. 

In 1925 19 ‘12 the ])hotodissociation of salt 
vapours was studied by the luminescence (d* the 
atoms or the radicals formed after the disintej'ra- 
tion of the molecules of the salts. 

19'1I-I93(). Investimations on the kinetics of 
the. interaction of excited atoms and radicals with 
other molecules. 

1934-1937. InvestiKations on the fluorescence 
of aromatic compounds in the fjfaseous state with 
a view to eiueidatinfi: the mechanism of the transfer 
of electronic ener{?y from one part of the molecule 
to another. 

As a result of this work, new methods of invest i- 
{?ation W'ere developed and a number pf elementary 
processes wliich jy:overn the course of the reaction 
were iriade clear. 

The work of Y. I. Uarionov should be noted on 
the disintej?ration into three atoms simultaneously 
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of the salts IXMa aiid Tolh^. nudvv tho action of 
aiifl, as rotVrrin^’ to the same field, tin* \vt»»*k 
of V. N. Kondratiev (Institute of I’heinieal 
IMiysies, Leninj*rad) on tlie speeti'al invosti^atiori 
»)f (‘heniieal pmeosscs and llu* well-known work 
i>f Kondratiev a)id A. 1. Iieii)nnsky on lln* re 
eoinkifialion luininese(‘ne(‘ of iodine. 

A sti’onj*- external action api)lied to the ele(‘ 
tronie system ( elect i‘ori impact, the impinjiini* id‘ 
a siiitahle photon, chemical action of anotlua* 
such system) is j^enerally followed hy the ra<liation 
of lij^-hl from the disturbed system; the li^ht 
radiated in this case is chara<*teristi(‘ of the struc- 
ture of the system itself ami of the pna'csses which 
take place therein. The latter circumstance* is 
esp(‘cially important in studying* compl(‘x mole- 
cules i)laced in an inl<‘ra<*l in^‘ medium. This 
vast region of l\mdnescem*e includi‘s tluore'scencc, 
phosphore.Mcence*, chemical luminese'eiu'e, etc. All 
these (piestions we'n* dealt with in tin* loti^ .se*rics 
of invest i^atiems p(‘r formed hy S. I. Wavilow and 
his <*o-workers. This work was heji-un at the 
.Mos(m»w rniversity and has been contimu'd since 
lt)d‘J in the ( )ptical Institute. 

Mere* also tin* Opli(*al Institute playeel a l(*aelirm‘ 
part, and lln* S(*opc o\‘ tlie work and (In* abundance* 
ed* rc*sults mak<*s it impossible* to me*ntion here* 
more* than the* most important ed* tln*ii:. 

The* study of IIuoi‘e*S(*e*in*e* epicin'hin^' in .solution 
by I'xtraiie'enis substam-e's i.s t In'ore*! ie*ally ami 
e*xperime*nlally ainmsi e‘omi)le*te*d. 

It. has be‘e*n elise eevereel ami traceil far into the 
ultraviole*t ve*'^ion that the* pe)lari/.atie>n e>f the 
llueJiTse'ene'C li^ht changes in ma^iiitmle* ami si**!! 
in a ve*ry sharp and stranj^e* manner with the wave* 
lenjj^th. This e'ffe'ct is evidently very characte*ristic 
e)f the pre)e*es.ses occurring in a raeliatiim mob*cule, 
but hitherto it has be*e*n e'xplaine*el only in |)art. 

Abundant expe'rime‘ntal mate*rial has lM*e‘n 
eMdlectesI and many re‘«ulai‘ities di.scove*re*el for the 
case* id* e‘one*etdratiim e|ue*m hirm. 

Kurther expe-rime-Fdal and tln‘ore*1ie*al we»rk in 
this directieni is in pre)p:ress. 

It has be*en shown by a »re*at anneiint i)f c\pe*ri- 
mental mate*rial (S. I. \Vavib»w anel A. A. 


SliishleFv.ski) that in the ennu'wlielminji’ majority 
of e‘ase*s the lluoro.sccnt subslarece emits two kinds 
e>f lundne'sccn.se ve*i*y ilirre*r(*id in iluration ( 10 '* 
anel 10 ’ .seeMFiiiIs). 

Levshin i Physi(*al Institute ed* the* .\caele*my 
ed* Scie*ne'e‘.s ) <liscove're*e| the* .so-calb’d law ed* mii*re»r 
similitmle* in the* fri*epie*ni‘V se-ab* of :d)sorptiem ami 
llue»re*sce‘m*e si)e‘e't ra. 

The* e*haracte‘r ed* the lumine-se-cne'e* < e edeuir ami 
eluratiem) e^an be* use*d met e)tdy fe)!* slmlyin^ the* 
j)re)eM*s.s<\s taking [)lae*e* in the* subslane-e* but simply 
fell* se)rtinc-. Thus in Optie'al Institute* ve^ry 
simple seu'tinc’ methoels were eb*ve*lopeel for Fiiixeel 
eeptie'al i‘lasse*s, for de'le*e'l in;^ iid*ee*lieuis e>f the* 
“rain, e*te*. 1'he lumine‘sce*ne‘e* analysis, whiedi has 
be*e*n ele*ve‘le»pin'»- in a e*asual way (rarely in the 
hamls ed* physie'ist.s ) in dirfe*]*e*!d plae-e's. e-hiclly 
abreead. was raelie'ally chan“'e*d ami inipre)ve*e| in 
the labe)rate)ry ed* S. I. \Vavlle)w. This was ae*hie*v- 
eel firstly by meu*e cl’licie'id iliuminat ieut of the 
sample* (by a spark) and seeemellv by e'euabininj^' 
the* (limre‘sce‘nce me*the)i| with tlie* phe)S]die)re.se*e‘ne'e* 
me*t heal. 

Amdhei* pi*ae*tical aiFplie'atieui e)f the* we)rk eui 
lumiue*.se'e‘ne‘e* was fe)uml in tli» stmiy ed* the* 
!umiue*sce*nce* in the* te'rre*sl rial atmosphe*re*. The* 
weu'k has be*e‘n carrie*e| on foi* se*\e'F*al ye*ars by 
se*ve*ral e*edlabe)rale>rs e)r the < optical Institute* in 
e*\peMiit ietns te) Ml. KIbru/. ami in twe) aseeids to 
the strateesplu're* (I. Khve>stikeev ). Mue*h data 
was cedlee'te*el e'hai'ae*te*i’is1 ie* ed* the* .se*atte'rini»- e)f 
lijiht in the* e'arth’s at meisphe*r(* ami of the* jihede)- 
edie*nde*al re‘aclie>ns whie*h lake* plae-e* the*rein. 
Tlu'i’e* were* e)bse>rve'el (I. .\. Khveestikov) seuiie 
pe*e'uliaritie*.s in the* pe)lari/.at ieeii e)!' li“ht appreexi- 
mate*ly at the* he*i;.»ht ed* the* Ileavisiele* laye*r whie-h 
sccFus to itielicale a piessibilily ed' usiii;* the e»ptie‘al 
me*theMl to stmlv its structure*. 

.Ml 1he*se* ne'W elata e>n lumhie*sce*nce* ne‘e‘e‘ssitate*el 
ihe* elabeeratiem ed* ne*w me*thoels. In this re‘si)e*e*t 
the* methe)el ba.se*e| on the* threshe)Iel ed* visual 
pcrce'ptieui elevise'el by S. 1. Wavibiw is e)f part’i- 
cular inte*re‘st, the* Jiiost sensitive* me*theMl fe)r 
reeM>relin“- faiid lumine'se e*ne*e*. (In the* blue*““re*e*n 
re*^do)e ed’ the* s[)e*e*lrum the* e*ye* pe*rce*ive*s li“ht if it 
has ree*eiveel eudy a few phejteuis in about O.l 
.se*e*emel). Se*ve*ral tyiU's e)f spe*e*t re)«>rapbs of hi“h 

dne)sily we're* e'e)nst?*ue‘t«el (tl. (i. Slu.sare*v) feu* 
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llic work on luniinosocncr ; I slnill mention only 
one with a luminosity 1 :t).o (for the visible ami 
ultraviolet rej»ion), whii'li is probably almost tlie 
limit of what may be aehieveil. 

TIu* work i)U the seatterin»- of lij^ht, bej»un 
Ion**- a^o, led in 11I2H to tin* diseovery of the 
so-ealled (‘ombim'd si'atteriii**' (Kaman (‘(Teet). 
Simultaneously with an<j independently of liaman 
this ])}H‘n()men()n was dis(*overe<l in ei*ystals of 
(|uart/ and ii'eland spar by Landsber^ and 
Mamlelstam ( Mi)seow State rniversity). In a 
series of investigations Landsber^' and Mandelstam 
studied the (‘ssential properties of the speetra of 
the sealtered li^ht: the relative intensities of the 
eombination lim‘s on tin* short and lonj; wavelenjrth 
side of the Haylc‘i«h lim*, their state of polariza^ 
tion, ete. K. V. tlross (Optieal Institute) diseovere<l 
ex])erini(‘ntally a very subtle phenomenon, the 
seatt<‘rini*' of lijihl in elastie stationary waves in 
crystals. This jihenomenon was foretold lonji" 
before it was aidually observed. The elements of 
its th(‘ory were »iven by lirillouin (1922) and 
Mandelstam (192(i). Kurtlu*r theoretical develop- 
ment is due to Mandelstam, Landsber^ ami 
Leontowieh and to I. K. Tamm (Moscow Slate 

versily). 

iMirtlier work on the scatterin*'- of li‘*hl (K. K. 
dross ami his eo-workei’s) in State Optical Insti- 
tute was tlevoti'd to the invest ij*ation in liquids 
and <*rystals of the rejAion near the unshifted 
Uayleijih line. The “ winys near the Rayleij^h 
line, <ibserved in the spectrum of lij>ht scattered in 
licpiids, were formerly usually explained by the 
I’otation of the molecules of flic ]i(|uid. K. K. 
dross and M. K. Vuks proved the impossibility 
of such an explanation. New lines, very near to 
the Rayleigh line, were discovere<l in sinjjle crystal 
in place of the winj^s. The winj»s in the li<pii«l 
must be ascribed to the incomplete vanishin>» of 
crystalline propei'lies on meltin*'’. The near lines 
in the single crystal were ascribed not to the 
intramolecular oscillations but to those of the 
crystal lattice. This was definitely proved by 
M. V\ Vuks in the course of further research, 
hlentical crystal lattices built up of different 
molecules were found to have similar “ low fre- 


quency spectra; in the same substance these 
spectra cluinj»:e radically with the change in the 
modification of the crystal (produced by change 
in T) which leaves unchanged the structure of the 
molecule. The study of the low frequency spectra 
affords a new^ method for studying the internal 
properties of the solid and the li(|uid phase. 

Vj. h\ dross and M. V\ Romanova fir.st observe<l 
combination scattering in amorphous bodies (in 
fuscil (piartz and Hint, in Sit >2 molecules). 

To elucidate the binding forces between the 
molecules of a crystal lattice the investigation of 
the absorption spectra of crystals at very low 
temperatures is of great interest. Such investiga- 
tions have been carried on for many years in the 
laboratory of I. V. Obreimovv at the (ikrainian 
IMiysicotechnical Institute (I. V. Obreimow and 
A.V. IVikhotko). 

The absorption spectra of naphthalene, phenan- 
threne, anthracene, etc. as well as oxygen pi'oved 
to be characteristic for tin* molecule (rather 
conspiiMious rccurrmice of a series of more or less 
displaced bands of fire imHeeiiles) and for the 
crystal lattice. 

The investigations of crystalline oxygmi madi* 
it possible, owing to the simplicity «d‘ the niob‘ 
cule, not oidy to ascertain the analogy with tin' 
spectrum of gaseous oxygen but also to assign 
to the electronic levels in the crystal a definite 
spectroscopic symbol (*haracteri/.ing the electron 
configuration of the molecular shell. It was als«) 
found that the different configurations (d‘ crystal 
line oxygen showed very marked differences. The 
experimental technique in dealing with crystals 
at very low^ temperatures is very specialized and 
difficult. 

Closely related with these investigations is the 
work of T. V. Kravets and M. V. Savostianova 
(State Optical Institute.) on a very spocializeil 
Imt exremely important subject, the formation ol 
the latent image in the photolayer. It was shown 
that it was always altendetl by the formation in 
the photolayer under the action of light of small 
colloidal particles of silver but not atomic, as was 
thought previously. 

All these investigations cover the Held of 
quantum interaction between light and matter 
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if not eonipli»tely, nearly always with {»reat 
profundity and ellfieieney. 

I shall further mention sojue very im])ortaiil 
methods and instruments devised in tlu* (tptieal 
Institute. 

1). S. Hojdestveusky y:ave a simple and ellieient 
juethod for determining;- the resolvinj*- power of 
s])eetrose,opie apparatus and a new. more eorreet 
theory of resol vino- ])ower. A new system of 
sp(‘('tral standards of th(‘ second ordtn* is iu‘arly 
completed (tJ. Pokrovski). Tin* tee}ini(pie of 
the work in the infra-rcMl region has made* eotisider- 
al>li‘ pro^MTss (M. h. Veinj'erov). Veinuerov 
created new supersensitive enerj^y indicators in 
the infra-re<l rej»ion, has<‘d on the principle of 
two-layer films a!i<l of the fias thermomettu*. K. 
M. Urumherj; created a series of new instruments 
for the monoehroniatization of li^ht, the study of 
its polarization, etc. 

It a])pears fi’om what has heeii sai<l that nearly 
ail the work in the field of (piantum int(‘raetit>n 
l)(‘tw(M‘n lij»ht and matter was d(‘Voted to the 
study of the pn)])erties of mattei; hy optical 
methods. Mu<di h'ss was <lone to study the inter- 
action I»etwe<'n tlu- li»ht and eh'iiientary partieh's 
ami to determine the elementary properties of the 
photon. 

The fuFidameiita! theory of the interaction of 
liji'lit with the electron was advanced hy Dirac. 
In a series of papm-s V. A. Pock flevelo]>e»l and 
simplifietl it. In its present form (plant urn electro- 
dynamics, not withstandinj;- several substantial 
defe(ts, is a complete theory endiracinj;- (piantum 
mechanics in the narrow sense of the word as 
well as the interaction of material ])artieles with 
li«:ht. 

Cherenkov (S. I. Wavilow’s lahoi-atory in tin* 
Physical Institute of the Academy of ScieiUM's) 
discovered a new i)henomenon, the onesided 
radiation of ultraswift electrons. This jdieno- 


menon was ex[)lained oti the basis of classical 
electrodynamics by I. .M. Prank and I. K. Tamm. 

In conclusion we must mentimi the experiments 
(d' S.l. Wavilow on the ])roperti(‘s of the ]ihoton. 
It has been said above that the human eye receives 
an optical sensation if it receives simultaneously 
I within about 0.1 sec) a few photons. It produces 
an im])ression of Hash. Simultaneous observatiem 
of the two beams in the interferometer before 
th(‘ir fusion sIiowimI that the llash(‘s do not occui’ 
simultaneously in both fields. Thus th(‘ classic-al 
('oiieeption of the interference of two ind(‘pendent 
Hows of eiierjiy is ruled out. The dirferent cpianta, 
as was supposed by Dirac, arc* not actually 
(M)hercnl. In the interference liebi the eiitii’e 
system of int(‘rferenee bands never Hashes up 
simultaneously: the Hash appeal’s rmw on one 

lijiht band and th(‘n on the otlu‘r, but never on 
a dark one, i.r., a certain distribution exists of 
the pr(»babilities for the (|uanta to a))])ear at a 
detinit(‘ spot. In every el(‘mentary act the photon 
behav(‘s like a particle. 

In this surv(‘y I have* c*ited only the most 
essential directions of optical research in the 
rSSR, almost (‘xelusively in the tield of the appli- 
cation of optical m(*thods to the study of tin* 
structure of matter. Put it is clear (‘ven from 
this brief survey that the state of optics in pre- 
revolutionary Kussia cannot be compar(‘d to its 
present state. This (*(pially refers to tin* scope 
(d* research and tin* amouid of sci(*ntitic, t(*chnical 
and organizational (*\peri(‘iice ac(‘umulat(*d and to 
the imi)ortance of sei(*ntiHc research in this 
(oiintry. Droad persj)ectiv(*s hav(* open(*d for 
scientific research and sci(*ne(* is d(*V(*h»pin” 
su( cessfully in close contact with industry. 

This is one (d‘ tin* aehi(*vem(*nts of the tlreat 
October K(‘Voliition and there is every reason to 
sui)pose that the trennmdous tasks lyiny- b(*fore 
Soviet scientists in introducin'^ into industry their 
scientific aehievemeids and of attaining;- n(*w 
heij>hts of kn()wled»'(‘ will lx* fulfilled. 
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Vitamin C and Disease 

Sachchidaiianda Banerjeo 


VrrAMlN (’ WMs nssoci.’ilcij su with sriirvy, 

nii<l it Wjis ;iiitis<M)riiiitir vil<Mtniii. 

Hccciitly it li.'is l)(‘(-n (‘sl;il)lish(Ml tliiil llu* (jiifstioii 
(>r vitnniiii (' is rcljilol to m<*ifiy other diseases. 
\\v an' fiivirij^ here a r('vie\v of the roh* of vita 
( * in various diseases. 

Latent Scurvy 

Manit’est senrvy is veiy I’aia* nn\va<lays. 'riu»si‘ 
who cofisume less than adecjuate amounts (d* vita 
min (/ show a state of ill-health. They j^ft tin*d 
very easily, complain of h»ss »)!* enerjiy and ])ain 
in the joints ami limhs. They show a shallow, 
muddy eomph'xion and dimiiiished eapillary resis 
tanee. If a small ai’ea of the skin is suhjeeted to a 
eontrolled d<‘>eree of siudion apphuMl for a definite 
lermth of time small eiitaneous haemorrhajit* 
apjx'ars. Most of these eases ])roii4)tly n'spond 
to vitamin (* intake. 

Vitamin C and Infection 

lndi<*ations exist that vitamin (' [)lays an im- 
portant part in protect ifi”’ the system against eer 
tain ififeetious agents or their toxins, ♦lunjilehlut 
and his eo-workers have shown that the virus of 
anterior poliomyelitis and dii)hlheria t(»xi?i a?’e 
inactivated hy ascorbic acid. J. Kiip»’er and \V. 
IJernkope showed that vae<'inia virus is also 
inactivated hy vitamin (' in rifro. Vitamin (' 
irduees the* toxicity and virulence of the whoo|)in,i: 
eoipih bacillus in vitrn. nnincorms, Sfniphtf- 
Itn occus, li. (UiU, Jl. ([fphosus, II, tnt( ritidisf 
harmohjiir strripformrn.s also are inactivated in 
rifro. (iiiha arid fdiosli have also observed the 
inactivaliiif? effect of vitamic (.’ and also of 
j^lutathione and cysteine (Ui diptheria and tetanus 
toxins. (luha and Das (liipta have fouml that 
ascorbic acid has an inhil)itory effect on the jrrowth 


4d‘ certain bacteria in synthetic media, while it 
has a stimulating- effect on certain funf^i. 

f iuin(‘api«»s on scorbutic diets are b'ss resistant 
to diphthei’ia toxin than normal (MUitrols. Further, 
it has Ix't'ti slated that administration of vitamin 
F to normal ^niineapi^s increases their ?*esistanee 
lo the toxin. Ifamber^e and Zell of llamburji 
have r*(‘j)orted bettc]* results in chihlren sutferinfj'- 
from mali'.'-nant diphtheria l)y j*ivin} 4 : vitamin F 
am! cortin in addition lo antitoxic sera. Fortin 
or vitamin (‘ ah^ne is not so nsi'ful. It has been 
r<‘p(U*ted howev(‘r, that cases (d.‘ diphthei'ia rec<*iv- 
inir obO units of antitoxin ])er kilogram of biidy 
weijiht with oi* without the addition of r)()0-Tf)() mji. 
eebion (a preparatiiUi (d‘ vitamin F) daily show 
no dilfera'iiee i?) tlu' course' of the disease. Najib 
Farah has treaied cases of enteric feve'i* by ieitra- 
venous injeedion of supi’aia'ual cortex ('xtract and 
vitamin F. Itiniiediate impi*ovem(‘nt bdlowc'el with- 
e)Ul untowanl reactions. 

Me-Fonky and Smith feel tuhere'iihuis sputum 
te> "uineapi^j; sulferinf.!- freim hypovitaminosis F 
ami te) anim:.ls )?e a ne)rmal elict. Fle*e'ratienis ol 
ill*' intestine* elevele)i)eel endy in eb'fie'ieiit animals. 

Vitamin F in the'.se* elisea.ses is use'fni endy in 
pre)|)hylaxis e)f the elise'ase'. Whethe'r it can e*ure- 
the eliscase is epiestie)ncd. 

Desensitizing Properties of Vitamin C 

Dainejw sheiweel that ase'e)rl)ic aciel has a be'iie' 
licial actieni on certain allerf»ic e*onelitions ed’ the* 
skiti. 

In cases e»f inte>lerancc te) arsenical injectienis 
intravenous aelministration of vitamin desen- 
sitizes the patient within 24 hours. Patients of 
exfediative arsenical dermatitis recover wlien 
vitamin F is administered intravemeiisly. l)aine)W 
rei)orts several cases of Herpes Zoster and Herpes 
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simplex which arc improved if vilamiii (' is ml' 
ministere<l early. 

Vitamin C in Heart Failure 

Ahhasy reports that vitamin i* has ‘.•ot diuretic 
proprieties, lie administered vitamin (' to <'hildrcii 
suffering or convalescin'* from rheumatism. When 
these patients wen* saturate! with vitami*» (' 
they showed increase in the (plant ity of 2\ hours’ 
output of urine. Vitamin havirii* no dehUer- 
ious efifect on kidiu‘,ys is thei'efore a very iiserul 
diuretic. This ohsei'vation of Ahhasy le i William 
Kvans to use vitamin (' in In-art failure, lie 
thoujihl that as vitamin (' causes diuresis in 
rheumatic (*ascs in wlii('h tfierc is no oedema, it 
may prove useful in ('ase of lu'art failun* with 
anasarca. He found that the diuretic effect of 
vitamin is jireatcr than that of digitalis and. 
in sonn* cases, than that of <liuretin and tlu'i: 
hromiiK*. The ('ondition td’ the hea»'t, Injwevei*, 
is not improved . 

1 laeinorrhagic Stales 

in every class of haemorrhagic diathesis, it is 
claimed (hat int ra vmioiis inj(‘clion of vitamin (' 
heljis to arrest haemorrhaj*’e. Severe uterine 
liaemorrha^'es are also found to he arrested after 
vitamin (' administration. Hut it is not certain 
whether these (‘onditi«uis arc* only due to lack 
<d* vitamin (A Some other fact(»rs may lu* as.so- 
ciated with it, (.//., vitamin I' (d‘ S/.ent tlyorj»y 
whi('h is associated with eaiiillary permeahility or 
vitamin K which increases blood clot liny. 

Vitamin C and Anaemia 

Anaemia is s(mn les observed as a result of 
inade(piate intake vitamin It is said to 

assist like iron, co]ipcr, tliyroxin the transforma- 
tion of normoblast to erythrocyte. Ihirson has 
reported cases of rthochromic normocytic 
anaemia, normocytic' ; ml slightly hy|)ochroniic 
anaemia and macrocytic anaemia, all of wliicli were 
cured by vitamin (' a< inistralion. Hut in some 
severe eases of scurvy there are no sij^ns cd’ 
anaemia. This is very difficult to explain. It is 
suf^^j^ested that under certain conditions the hone 
marrow suffers more damaj^e than under others. 


Cataract 

Dctii'iency of vitamin (■ is snuj^csted to be an 
etiological fact(»i‘ in the onset of senile e;itaraet. 
Hlood contains I) mi». . a(pieous hunmr lid nm.' 
and lens 110 m**.' of vitamin t'. Tin* higher con 
ei'iitration is due to diffusion (d‘ vitamin (' from 
blood into a<pieous humour and from the latter 
into the lens. 'I’he reverse ^n’laess is impossible. 
Hut in old aj-e and in uveitis permeability (d’ the 
barrier is ineri'ased, and tin* vitamin (‘ content of 
the lens and a(|ueous humour diminishes. Lens 
In'ini*- devoid <*f Idoud supply, vitamin plays the 
main role in the oxidation reiliietion system of the 
lens. The vitamin content «d‘ the lens beiny nil, 
tissue res]>irat ion, it has been suj:yesled. eaniiol 
lake place and (»pa('ity results. 

In jiuineapij’S on sc<u‘butic diet some show 
o]>acity in the b'lis and in others, which have 
transparent lens, if the anterioi- chandn'r is p(‘r- 
forated so that acpu'ous humour is drawn out, 
opacity «d’ the lens ri'siilts. During- the last three 
W(‘cks of pr(‘!L* nancy if tin* :.iuineapius are kept on 
scorbutic diet they »iivt* birth to younj.*, which 
have coniicnital lenticular opacities, (‘ataract is 
found to be ('ommoii amom^’ poor |)eople. 1’hesc 
facts sim^est that vitamin L mi,L;ht play a part 
in the onset of cataract. 

Vitamin C and the llcalin*' of Fraeluies 

It has Ix'cn noted that in sailors suHVrinu fnun 
scurvy ulcers or wounds that had healed loiifj* ano 
recurred and frac1mM*s which were uidied redis- 
solved. .\ll inv(*st ij 4 ators an* in aureeim'iit that 
vitamin (■ deficiency is a very stronc- fac toi* in tin* 
retardation or prevention of the healing of a frae 
nirc. \'itamin deficiency inhibits tin* ti'aiimatic' 
inllammalory reaction which introduces tin* pr<»- 
cess of IVacture healinj:-: it also inhibits tin* 
power of the non diffe!’i*ntial connective tissue to 
different iati* into ost(*oblastoma ; and finally it 
inhibits the production of collaui*!!. 

Vitamin C and Teeth 

(Arses of dental earii's, inilanu'd ^ums and 
pyorrhoea aivcolaris arc maiidy due to (b*fieienl 
intake of vitamin ('. To administration of taints 
of oran}*(‘ juice a day these cas<*s respoiul remark- 
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al)ly. D(H;ay of tooth is arrcstiMl, (roiulitioii of the 
{<11111 is improved, and loose teeth ‘•et ti{*hteiied. 

Vitamin C and Glycosuria 

Vitamin is found to hmIium* the Hlyeosuria if 
taken {<enerously or if »iven in tlie pure form, as 
Holler Ims found. 

Vitamin C and Morbid Pigmentation 

Adrenal jilaiid is a storehouse of vitamin V. in 
Addisson’s diseas(‘ in which there is dejreiieralion 
of the adrenal jflami there is found a eliaraeteristie 
pigmentation. This is diu^ to non-lransformation 
of dioxyphenylalanine, a pns'ursor (d‘ melanin, 
into adi-enalin hy the adrenal ^land. It is there- 
fore su{*{*ested that vitamin (' prevents the form 
at ion of melanin. Sehade has ‘measure<l the 
<iegree of i)ij<mentalion provoked hy Jijiht in two 
series of east's, in one of vvhieh vitamin V was {»iven 
hy tile mouth and hy intravenous injection while 
the other series was not thus treated. It was 
found that the resultin{»: pi{»‘menlation was com 
paratively slij^ht in the vitamin treated series. 
Marked pijimentation of the skin is sometimes 
associated with scurvy. U, Hoff stales that Hie 
natives of Sehleswiji-lfolstein jiraelised in their 
youth the ealiii{< of lemons to cultivate a pale 
complexion which at that lime was very fashion- 
ahle. These natives slumhied empirically on a 
process for which there is today a seientiru* 
explanation. 

Vitamin C and Peptic Ulcer 

Harris and his eolleayues have seen that 
patients suffering from {iastrie and duodenal ulcer 
show diminished vitamin (' output. Recently it 
has been shown that peptic ulcer is associated with 
vitamin V <Iefieieney. At St. ^artholomew^s 
Hospital it has been seen that in patients sulTeriiifr 
from peptic ulcer who died after operation there 
is no deposit of any fibrous material alon*»- the 
suture line. 

Rheumatism and Tuberculosis 

Khinehart and his co-worker held the view that 
rJieumatic fever results frujii a eomhiiied intiuenee 


of vitamin C deficiency and infection. They in- 
jected various strains of Beta streptococci and 
other organisms into guineapigs. In cases of 
a<lequate vitamin (! nutrition rheumatic lesions 
were not observed but when superimposed on 
vitamin (‘ deficiency the infection produced valvu- 
liti.s. Sendroy and Schultz state that vitamin 
hypovitaminosis is the result and not the cause of 
rheumatic fever. They repeated Rhinehart’s ex- 
periment and the results obtaiiu'd are not similar 
to rlu'umatic infection. Further, administration 
of vitamin F does not imj)rove these patients. 
Abbasy. Harris and Ray have shown that there is 
diminished excretion of vitamin (‘ in rheumatic 
fever and in active tuberculosis. And they recpiire 
large doses for a long lime to undergo saturation 
with vitamin (\ This has been ipu'stioned by 
Iverson /, 70 , 19 .‘IS). He observc'd that 

soim* of tiu' active or convalescing rheumatics show 
inon* exereiion of vitamin V than controls. 
The majority of children with acute rheumatism 
(‘xereted more than the infection control 
griuip and the majority of rheumatic convalcsci'iit 
children excreted mori' than the convalescent 
controls. With regard to saturation lil per cent 
of the non-infectious hospital control children 
were saturated after the first test dose of 500 mg. 
of ascorbic acid, while of children with acute rheu 
matism fifty per cent were saturated after the 
first dose. The diminished output of vitamin (' 
of Harris <7 til may perhaps be explain(‘<l on the 
following considerations. It is seen that alkalic-s 
diminish and acids increase tiu' «)utpul of ascoi-bic 
aci<l in urine. Further, sodium salicylate also 
diminishes tlie vitamin F output in urine. Harris 
(7 aJ have not mcntioiu'jl whethei* their ])aticnts 
were taking salicylate »)r alkalies at the time td’ 
the test. 

The above review would indicate that what 
was considered to be the anti-s('orbutic vitamin is 
related to numerous physiological ami pathological 
conditions. These advances have been possible 
owing to the remarkable achievement of Szent- 
tiyorgyi, who identifieii the vitamin and succeeded 
in preparing it in large (piantities.* 


* hioin H paper n*a<I at Ihe (’aleutta University (/lieinieMi 
Club on Marrli, 11)38. 
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The Ninth International Congress 
of Philosophy 


Tiik Niiilli Ititornnluniiil (’(Hi^ivss of Pliil<»sopliy 
WJis lo^ld ill Piii'is during Ili(‘ first wrok of Aiij'iisl 
with Prof. Honri Por**:son ms its Honorary Prcsidnit 
to (‘oiiiniomorato Iho l(*r<-(‘nt(Miary of the puldira- 
tion of tli(‘ Ihscours d( la .]fnhn(lc ( pnhlisluMl in 
IhM?) of Dr.scartos, whirh, ms wo m)I know, had 
niado an important landmark in tlio history ni‘ 
Kiiro])oan pldlosopliy sim*o tho days of Arislotlo. 

Tlio sossion was solomnly oponod on tho .‘Hst 
of duly, lOdT, at tho faiimus niiiiihitlioatro of tho 
Sorlmnno hy M. Joan /ay, Minislor for National 
Kduoation and Fine Arts, in prosonoo of tho 
1‘rosidont of tho Ho]nddio. Noarly )t()0 ropr(‘sont- 
ativos from Iho difforoni intollootual (^ontros of 
tho world assomhii'd thoi’o to pay homa^o to tlio 
illustrious “ fathor (d‘ modern ])hiloso[)hy.” 

It will 1)0 dilTivult to yivo in tho (Mmi])ass of 
so short an artiolo lik<' tliis, a eom|)lelo survey of 
the works dom* in this ^reat ^athorinji of ])]iilo- 
sophors. Wo shall, thorofore, (‘online ourselves at 
present to some of the principal items of tho 
( Vmei’ess. 

Any homaso to this j^reat thinker would re- 
main inadequate if eortain so(tions were not 
devoted to tho diseussion of the inllueiiee of 
Deseartos and other t^irtesians. Thanks are, 
however, due to tho OrjjanizinK Fommittee of 
whieh Prof. E. Prehier is the 1’residont, for devot- 
ing? one soetioii oxelusively to the Fartesian 
doetrinos. Due attention was also paid to tho 
other hranehes of philosophieal studies that, in 
some way or other, owed Inspiration to Deseartos, 
riz: -I'hilosophy of Si'ionee and Epistomolo'yy, 
(the Method and tho Methods, liO^ie and Matho- 
nuities, Fausality and DelerminisnD, Uotioxivo 
Analysis, and Transeendenei', and last hut not tho 
least, the Value, the Norm and lloality. 


As tho philosophieal hoariii'is of relativity were 
tho favourite tlnmu* for diseussion on ])revious 
oeeasions, the examination of th(‘ jua'sent position 
of detorminism and indeterminism oeeu|)iod a very 
important plaee in this (‘onj^ress. Ih’of. Louis de 
Pro‘?lio, tho eminent Freneh physicist, in eourse of 
a hijrhly inter(‘slinj»‘ eommunieation entitled: “ Re- 
tloxions on Indeterminism in (Quantum IMiysios ” 

( Vir d) dwelt on tho sionitieaneo of indeterminism 
as revealed hy tho prineiplos of (plant um physii's. 
lAu* him, determinism denotes only the pnrisihilHr 
nifouiuasii ills })hi'}}n>nh\vs (prevision of pheno- 
mena). Ihit the (plant urn physios has l)rou«:ht 
forth within recent years innumerahle instanees 
where det(*rministie laws, far from h(‘in^ satis- 
factory, fail to supply us with mh'ipiate explana- 
tion. iModm'ii physii's, aeeordinj*’ to him, is not 
yet ]n*epared to jiive any verdict whatsoever in 
its favour al1houj»h he is not at all a se(*p1i(* as to 
its a(Me]>tanei‘ hy the jihysieists in the lon^- i“un. 
It was a singular event that the advocates of 
imhderminism found in Lord SamiU'l too strong 
an opponent to eonvine«‘ with their facts. The 
eelehrated Pritish philosopher in an illuminating* 
paper on “ The .\nalysis of Imhderminism ” 
iVD lit) has collected and co-ordinated a lary:e 
numher of statements from the works of eminent 
scientists like Einstein, Max Planck, and Ijord 
Rutherford only to show tliat determinism is per- 
fectly loj»i(*al and still holds »?ood in modern 
physics, an opinion also in full aj'reement with 
that of M. Marcel Parzin (VII IT), Prahahilit/ tl 
Di'IrrmiHismc), 

The philosophieal implications of modern exact 
sei(Mi(M*s were also the suhje(‘t of .sev(*ral import- 
ant (‘ommunieations in the section of “ Loj^ie and 
Mathematics.’* In an exeidlenl i)aper on “ The 
Relation hetween Hie Principle of I ■iicertaiiity of 
lleisenheri?* and the Lo^Jiic ” (VI HH) Miss Paulette 
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Fovi’irr has shown how far Ihf statistical laws have 
iicc(*ssitatc<l the addition of new chaptcM’s to the 
classical Lo^io. hit crest ini*- pajicrs were also 
commnnicat<Ml mi Logical ('almliis, Intiiitionisni 
and formalism in ho^ic. 'fhe neo-pt»sit ivist ic 
school of X’ienna, it may he noted, did not receive 
an,y faNonrahh* support from llir iii(‘tai)hysicians. 
1’hc I'ollowiny papers dealing' with these prohleins 
should he nientioiKMl in this connection: x\irr<‘d 
'Farski Snr la methodc d(%lnctive, (VI tlo); 
Alfred Krrera Sur h‘s demonstrations de Xon- 
( 'onti'adii'tion, (\'|. I‘J7 ) ; K. \V. Ihdh — L’Kvidc'nee 
intuitive dans les Mat Inmiatiipios modernes, {VI. 
Kil). 'rids account will lamiain iiKaunplete if a 
reference is not made of two hij*hly interesting: 
|>apers disfussiny the important jjart playcsl hy 
tin* Analytical (Jeometry of l)(‘seart<‘s in the 
ilevelopiin'iit (d‘ mo(h“rn i;(*ometry, ( Klie (’artan - 
hi* role »h* la tieonn'trie analyliciue dans I ’Mvolu- 
lion <le la (Jcomelrie, \'l. 117. I». de Keaekjatro 

La Methodc de hescartes et la ticometi'ie moderiie, 

VI. Iti(i). 

In tin* domain of metaphysics pro])er the dis-^ 
eiissions on su(*h (*onti‘oversial hut fas(*inatin^ 
topics as 1 rans( eiidenee, immanein'c, and value 
have shown in^yond <louhl the most piolitie nature 
of (*onleniporary philosophy. Almost all the 
principal iin*t a physical seinmis were eonspieuonsl.y 
representetl in the ( ’onc'ress. It will not he out of 
ph'K'c to mention in this (Minin*Nion the int<'restin^ 
dehalc held helween the two eminent metaphysi 
<‘ians: Prof. L. I*runseh\ie.i»’ ami M. (Jahriel .Mare<‘l 
on Transerinh-nee whieli created a eonsiilerahle 
interest amongst the dele.nates. 

The ldealisti(f Movenn’iit has, from some time 
past, etmn* into iinie-lij^ht in Prance ammij^st which 
the plae«* of Prof. PrunsclivicH; is no <loiiht a very 
prominent and important one. His ideali.sin at 
oru'e differs from that of He**!*! in that it is more 
rellexive, mon* analytical, and more critical. His 
paper on ** Transcendence ami Immanence ” in 


whieli he has set forth his views on these two 
interest inj< topics of metaphysics is certainly a 
welcome addition to his excellent series of works 
on Idealism. i\or are we to forj^et to mention here 
the other important currents in modern thouj>ht, 
namely, the ])henomenolo^'ieal sehool that has re- 
cently come into existence in Hernia ny. The promi- 
nent exponents of it are P»rentano, Hn.sserl, Max 
Seheler and the Kxisteiitial sehool advocated hy 
Nicolas P>er<lia«ff (Uussia), Hahriel Marcel 
(Prance), and Heidej»j*er (Hermany), to select 
a promim‘nt few ont of the larj^e numher of its 
adherents. 

A word about the ‘ critical realism,’ a term 
assigned liy M. Maritain to tlie system of thouf'ht 
recently revived hy him out of the Scholastic 
philo.so])hy of Saint Thomas d’.Aqninas. This 
r(‘vival (d‘ the philosophy of Heine-, hitherto .so 
little followed and encoui'aKcd, has I'cceived wel 
come reception from many distineuished philo- 
soiihers ainone'sl which tin* name's of Prof. P. 
Hilson, .M. K. P. Si'rtillanjics, M. Maurice Pdondcl, 
and Louis Lavilic, deserve* mention. 

'rhe.se are*, in short, some of the hroael issues 
on which the commnnleat ions we're* re*ael ami elis- 
e*us.se'el. As the prea*e‘edines were piihlishe*<l elurine- 
Hon}.>res.s .se‘.ssie)n, it was fonml to he* e*xtremely 
n.se*fnl in feelleiwin^- the* elise*us.sion.s he'lel in sei many 
lane|iaj*e*s. l'\u* the perfect mana^e‘me‘nt id' the 
Heui^iess e*re‘e|it is howe'Ver elne tee its pre'sielent, 
Pre>f. P»re'*hier ami to its .se‘e*relary, M. ILiynmml 
Ihiyer, a ju’eeniisdio- yonne- aest het ie*ian. 

It will he failin»- in our eliity if the \Veste*rM 
philo.se>])hers and e*spe*cially the Pre*ne‘h phileesophers 
elei not take* riie o|)p(ut unity e»f e*xle*nelin^- the'ir 
hca’-tfelt felicitations to their Pastern e'olU*af>ue*s 
who teeeek pai’t ill the ( 'on^re*.s.s anel eMUitrihnteel 
much to its success. Doe's it not snlllie*ie‘ntly in- 
elicate that the elislane*e in siiai'e*, insteael of he*inL' 
a positive hindrance, leads always to the unity in 
the realm ed* thought ? 

Olic'u r Lavomhi . 
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Indian Chamber of Commerce’s Views on ihe 
Proposed RecruitmcMit Scheme 

Some fime ;i«n llw (lovrrmnrnf of finlia a«l(lrrssr<l 
a IcUrr to all Provituial (lovcniintiiis for 
Ihoir in wliicli lliov j)ro|)os»al a siiilalilo si lK fiu- 

for n’oniilnKiil in fulnro of all (ilo\ mnnciil sn-vaiils. 
Hy tins, tin.- (iovcnmn-nl tliink of minimi/inn* miikllr 
class imcni)iloynicnl in this connirv, and \vc expressed 
our doid)ls as to the feasihilily of Ihe seheine (I'h/c 
SriKM |.; AND (’ri/ri m:, March, p. Isl. ). 

Ileeently the (.‘oininii lee id* Indian ('haiid)er of Com 
meree, Caleuda, in course (d' a eominuui<‘at ion 
atidressfd to Ihe (loNeriuinnl <d‘ ISenj^al, slale lhal 
this proposal of the Ceniral (io\erinueut will nol 
hav«* an appreeialde elVeet on the (lueslion of middle 
class unemploymeiil whii-h i( seeks to remedy. 'I'he 
Commillee are of (^pinion lhal Ihe ohjeels uuderlyini*- 
Ihe proposed seiu iin-, namely reduel ion in Ihe numlu-r 
of youn*;- men seekint*’ (fovcrnmenl employmeni, will 
nol he achieved hy Ihe mere addiliofi of anolher 
(‘Xaminat ion invohin;^' elal^vrale ori*'anixalion and 
eonseipieiil puhlie expendiliire. The ('ommiilee an- 
ri<*ld in poinlini> oiil Ih/d, as lu) sal isfaelory melliod 
could he (h \ isc d for res! riel ini*' admission for Ihe 
pro|)osed eom]ntilive test, the numher of diplomas 
olfei-ed \v<»uld he nearly twice tin- uumlu r of the 
prohahle annual r« (|uii’ements id' ollieials, thus deh-at 
inj;' the ohj<-i-l of the scheme. 'I’he (’ommitlet- do nol 
alst) Ihirdv that tin- examination as su^^'ested (-an he 
operative for hii;'ln-r appoint meiits and technical posts. 
'I'lu* Committee- |)oinl out that a youn^' hoy ini^hl fail 
in the (/overnment Diploma examination at the a^t- 
of 17, hut mi^'ht later j)as,s en ditahly an Mny:ineerin,u: 
«)r Aeeoimlain-y or other U-i-hnieal i-xaminatimi which 
wovdd under the i-xistinj;* system epialify him for a 
suitalde (love-rnmeiil j)«»sl. It woidd, lln-n-fore, he 
unfair to ilisepialifv him for such a post o?i Ihe »Toimd 
of his having- failed at di))loma exaininalitm whi«-h 
would of course he a jreneral nalure and is obviously 
nol nu-ant for higher or le-elmieal ])osts. 'I’lie Com- 
mittee fiirlln-r point euit lhal tin- pro])osed di]doma 


or pass \V(udd iin-rely iu\id\e an unnecessary diipli 
(-alion of examination like- lhal of School l.eav ini*' Ce-rti- 
lie.-de which exists in soiin- of the Indian Cnivi-rsil ie-s. 
They Iherefore ohser\<- lhal ihe scheme which ])r«)- 
vidt-s for the addition of another examination for 
those seekiny; t iitranee to (iovernmenl serv ice (-an 
hardly i;‘o far in tin- solid ion id' tin- fuudaiueiilal pro 
hlein (d‘ middh- class iirn-mploymeid . However. 
o\vin<>‘ lo Ihe redin-lion in the se.-ih- of salarii s as well 
as a i»rowini;‘ indusi riali/.al ion of Ihe count ry. Ihe 
attitudi- (d* ({ualilled yoim;;' men towards (iovi-rnmenl 
appoinhm-nt has. in lln- o|)iuion of tin- Committei-, 
been i'radiially ehani{;in»‘. I'ln- Commillee. tin-refore, 
emphasi/e Ihe in-eessily of a healthy and all round 
economic developmeui of lln- country which only can 
lend to relieve tin- lar^i- vohmn- of un(-m])loymi-nt 
and can provide an allernalive source for ahsorjilion 
of middleelass lah id. \\’(- eidirely aj^ree with tin- 
views of tin- Commillee of lln- Indian Chamber of 
Commerev'. 

Ilaiihrjuake.s in India in 1937 

Durini* !!K{7 there were .S‘J jiereeplihle earlh- 
(jufdvc shocks fell in India. Itenioiially eousidert d, 
lln- shocks W(-re dislrihiiled as follows; Hurma ‘JS; 
Norlh-I'.aslern India f iiieludini!; Sikkim, Ni-jval and 
rihel 1 ai; North W'eslern India (iiieludini;' 
Kashmir, Chilral and li.din-hisl.-oi ) - I ; and l*enin 
sul;ir India *2. All lhes(- shoi ks were of sli«;hl 
inl(-nsity. unatleinled with any damaii'i- lo buildings 
or p(-rsons. with tin- solil.-iry ( xeeplion of rather tin- 
severe shock (d' lln- I 1th Nov»-mher, which alfei-led 
a eonsid(-rahle Irael id' North W't-st India and whi(-h 
was felt at such distant places as Katnd, Debra Dun, 
Simla, .Mulla.i, Dera Ismail Khan, and Horkev-, 
Ihouii'h ils epi(-eidrt-, as deduced from ohservi-rs’ re- 
ports and from seismii- records av’ailahh- from tin- 
meti’orolo^ieal ohserv alori(-s at Homhay, A^ra, (’al- 
eidta and Kodaikanal, was located in tin- llindn- 
Kusii Moiiidains, northwest of Drosh in Chilral. 
l-’re<pn-ney of lln- aflerslnnks id’ Ihe (im-tla Karlh- 
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qu;ik(‘ <»t‘ May lJ).*i5, atcordiiif; to tiu* Cifolo«;iral 
Survey oi‘ Iiulia, appears lo Ik* eonsiderably diininisli- 
ed, !)mI several sharp slioeks \v«-re fell diirintr Uie year 
in the Assairi seisiiiie area» irieliidi?ia’ those of the 
Killi tlaiiiiary at ahoiil IS.);*) Iioiirs and of the 2lsl 
Manh at lit. 15 hours I.S.'l’. 

Bilicir Conference for Improvement of Agriculture 

'I’In* Provinee of Hihar possi sses at present no 
a^rieuliiiral i*oIlen;»*- the one llial it liad liaviii^ Iwen 
closed clown a few years a;j;o. In a Conferenec* of 
otlieials and non-offieials l»eld‘ at Patna on May 1 last, 
to diseiiss ways and means as how best lo iiti)i/e tiie 
a‘i;rienllnre department in the me)st etl'eetive* mantur 
for the improveimiit of a_i»;riiultnre in the Province, 
a rt'sointion was ))asse<I ur<*in^‘ on tin* (iovernment 
to n* ope n tin* eolh‘i»t‘ for training' in at'rieidinre not 
later than dmie 1, IJK'iJ). Ain)ther reseilution stated 
that the* fiimls allotted to the Department of Airrienl- 
tnre of the’ Province were inadecjuate for de-monstratioii 
we>rk and sln>idd therefore be inereaseel. 't he neces- 
sity of making' available* to the* cultivator impro^e•el 
seeds, manures, implements ami sheod-lerm loans on 
nomitial rates of interest was stresseel by the* Confe r- 
<‘ne*e* whieli e xpre sse'd the oi)inion that the (lovernnient 
should take* early steps te) utili/e* the Lanel finpreive* 
mint I.oans Ae*t on a inueh wider seale* than has bee n 
done in the past for permanent land impre)veinenls. 
'Phi! ('«)nferenee tinally dise*ussed the aims and obje*els 
of the f ie)Ve r?imeiil expe rimental farms aoel sui'ge st iems 
were* made* for their better iitili/ation in the* weirk 
of a^rie-idtural improve-me-nt of the* Pre)vine*e* ami 
})e)ssibilily of running*’ deiminst ration farms on a 
eommereial basis. 

Bengal Government’s Proposed Conference on 
Irrigation 

\V<‘ have on seve*ral oeeasions in the past dwe lt 
e»n the* ])robIe*m of irrigation i*speeially in Uengal, 
which has, it is admitted on all hands, grown really 
M*ry acute*. We* also stre*sse*d e)n the*, urge-ney ami 
importane'e* of calling a e*e)nfe*re*ne*e of e*xpe rls and 
spe*<*ialists (se*ienlists and engime-rs) ami also 
emine nt public* me n, with the* obje*e*t of discussing ways 
ami means to de*veh)p the* irrigation ))olie*y of the* 
(iovernment. \\c have, from time to time*, described 


in these (*olnmn.s what is done in other advanced 
<*ountries, r.ry., (lermany U.S.S.R., etc., and .siig- 
gest**d what can be done to improve? irrigation in 
Imlia. 'Pile reade r may in this eonnexion be re*fer- 
re*d lo Prof. M. N. Saha's article, in the Sir P. C. 
linjl Cnmmrmttration r<)hnnr, on the* ‘ Need for a 
Hydraulic Ite*se*arch Laboratory in lh*ngal ’ and 
SeiKNiK AM) Cri/riiiK /, 5-11, lu;t5; I<)5-1()7 and 
l‘»;J5; 2SI-S(), lUIUi. It is now reported 

in the Press that the* (iovennm*nl of Bengal eonte*m- 
plate eonve*ning a small e*oTife*re*ne*e* of h'ading se*ie*nlisls 
ami engineers in this eotim*\'ion. It is understood 
that the* Irrigation Department of the* Clovernment 
of Be ngal have e'ire'idatcd a epieslionnaire* with a note* 
ami a e*opy of the* paper on “ River Pre)ble*ms in 
Bengal ” by Mr S. C\ .Majumde’r, ('hie*f Kngim*e*r, 
Irrigation De*parl merit, Bengal. 'Phe intention of the* 
(love rnmerit is to adopt a forward policy, but before* 
definitely de e iding the* jmliey to be followed, the- 
( love-i-nnienl wish to asce rtain jiublie* e)])inion on the 
point. 'Pile* ((Uestionnaire has been base*ei more* or le*ss 
on the* broad aspects of the* irrigation problem in the* 
province* and the ir solution as diseiissed in Mr Majum 
der’s jiapirs. 'Phe* ((uestions askeel are with re*fe*r- 
i ne*e lo ;irl ilie ial irrigation, he*alth and produi*ti\ ity 
of the* soil, e*mbankment s, restoration of the* (fangc*s 
spill, watt*rways and navigations. 'Phe* rejilies re- 
eeiveel will form the basis of the elis(*ussion of the* 
( 'on fere-nee*. W'e* await with great inte*re‘st its oiit- 
e*ome*, and hope* that the* ( io\ ernmenl will give* e*tl‘e*e*t 
to the* re*e*onnnendal ions of the* ( 'onfe*re‘nee, soon after 
the v are* made*. 

Dr R. B. Lai on Inclia’.s Population 

Sine*e the last eensiis, it has been often gi\e*n out 
that the* increase* in the rate* of India's population is 
more rapid than the means of subsiste nce*- that she* 
is h*-aeling not only towards a |)opnlation rei'ord of 
100 millions in 101*1, but perhaps also towards a 
crisis . An altogellur gloomy picture* has been 
ge*nernlly drawn by the* population cxpe*rts. But is 
the situation really as serious as it has be*e*n dcelare-d.^ 
Dr R. B. liul, Dire*elor of the iMl-India Institute* of 
llygii*m* and Public* Health, C'ale*ulfa, aihlressing, as 
its (hairman, the; Vital Statistics Section of the* All 
India Population and Family Hygienic* C'onfcrciu*e 
held in Bombay in April last, ))rese*titcd a more 
hopefed j)ielnre. His view was that most eonntrie*s 
had witnessed, and had adjusted themselves to. 
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siidck'n iiU'rrasc in p(»)inla(ion. 'I’ln* rnic of srinirr 
and social cfFort was In briii^- abnid a Imla'ici- 
hclwcj ii llu* population and ainrnitics of life available 
at one ])arlieular moment. Hesides, India's n soiireis. 
))olli known and bidthni, were as \ast as her area, 
and there oii^bl not to l)e any cause for alarm rey^ard 
in^ sbrinkay:e or space to live in. 'I'lie problem, 
et>ntinned Dr l.al, however existed nol to cause alarm 
but to brin^- into ])lay the eonslnielive elforls of 
science, .s<ieial workers and ( iovernmeiilal ayeiuit s s»i 
that life for the Indian masses mi^ybl become more 
allraelive, with greater physical eojjiforts ami 
amenities of thouylil, eullure and social inlereoursc. 
Human population, if properly organized and de\e 
loped, inijihl instead of bein^' a (had burden to tlit* 
country, be an ass«t (d' the hiylust order. It was 
nian porerr. Hut is India really alarmingly oxer 
popidated.^ In ID.'tl, the density of po|)idation per 
s(j. Km. was 7.) in India, as eempared with 7d in 
I'raJiee, l.t!* in Italy, in (iermany, 171 in ,Ia))a'i, 
1!)1- in fin al Hrilaitr, ‘.i tO in Holland and *Jtis in 
Hel^yium. If, then, the vast latent resources of this 
eounlry are lapped and nati(»nal wealth developed, 
there seems to la* no cause for alarm, even when 
no arlilieial measures are adopted to cheek the rale of 
inereasi' (d' ptipidalion. I'dlorts must lheref(»re W 
mad(‘ to utilize fidly the resounss <d’ our land, to 
si reuyl hen man power, and raise social, ln'allh and 
ee<»nomie sl.mdards Mirouyh the advaneemerd and 
application of srit nee. 


N(.‘ctl of Rescaieh in Indigenous Burmese Mefliv ines 

Col. N. S. Sodlii. I. M. S.. I nspeelor (ieiieral of 
Civil Hospitals, Murma, speakitiy at the autuiai dinner 
of the Hurina Medical Association, suggested the 
amalgamation of various medical associations in 
Hurma and advisability of systematic research work 
into the various systems (d‘ indigenous medicines. To- 
day greater attention is being j)aid to the carrying 
out of systematic investigation into the elfieaey or 
otherwise of indigemms drugs and inedieines in India 
and considerable work is being done by lit. C(d. 
Clioj)ra and Ids workers in this held. A number ol 
of tliese have Iktii proved to be of great elficaev and 
value and, in ease, they are standardized, can be ad- 
ministered with advantage, thus helping a native 


industry and at the same time |)ringing the native 
])iiannaeop(eia in line with modern seientifit* methods. 
Hurma has l(»ng been inlimalt ly associated with India, 
and (vwes its civilization in a large measure to this 
ecnmtry. It is but natural that the indigenous 
liKsiieal seien(‘i‘ of Hiirma is largely indebted to tile 
Cnaid and Vaidie sysliins of India, and lluis reepdres 
<‘<{ual atlt'iilion. Col. Sodid, in course of Ids speech, 
said: “ In a vast eounlry like Hurma where the 
Hiirimsi' sisayas (indigenous medical praelilitmers of 
Hurma) liavi* been in e.xistenee for eeritiirie.s and 
where indigenous imdieims must have Inin used 
vvilb great advantage and success for years, we would 
be doing a great in just ice if we condemn lliem as 
useless or hopeless. My information fn)m very reli 
able and highly placed educated Hurmans is that some 
of the drugs of the sesayas are marvellous. I know 
that s(tme of tlu‘ Cnani and X'aidie drugs are excellent 
and vvi‘ also know that some of the drugs nsec! in 
ailopatliie intdieine an* infalliltle. Let us Ihertd'ort* 
try and (‘ooperal(‘ and get hold of good Hnrmest* 
drugs, Cnani or \\‘»i(lie drugs, and try llu in on eases 
and see what elfeet they liave on detiuilely diagnosed 
diseases. .V great deal of research work of this 
type on indigiMious drugs of India t Cnani and \'aidie) 
is lieing done at Cah iilia inuh r (lu guidance of Col. 
Chopra. This is the line vvlilih I suggest we might 
taki* lip in Hurma.” 

Ariang<'menl for Forest Ranger's 1 raining in 
Bombay 

'i’he .Madras (iovermneiil having detided to 
close down the rorest Colli ge at Coimhalore willi 
elfeil from .Inly I, the (ioveriimeiit of Homhay 

liave dei'idid to prov idf for the training of ^'oresl 
Hangers at the Agrieiiltiiral Collegt'. Hoona, where a 
Forest Otliier will he dejinled, for specialized forestry 
training, as Forestry Inslriielor. 'I'lie inslrnelion 
of Hanger students will he divided between the staff 
of the Agrieiiltiiral Collegi' and Hie I'oreslry 
Inslriielor. 'I'be terms will be from lOlb .lime to 
.‘tOlb Seplemlur and from I si November to UOtli 
Feliruary, and the training in ])raelieal field-work 
will be given in the months of OetolxT, February, 
.March. April, May and .lime. The f(*e for students 
.sent to the College liy the Homhay Oovernmeiit will be 
Us per annum and that for other students 

Rs r>00/- per annum. 
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Yet another Attempt on Mount Everest 

fii spile of file sevenil dismal failures in file 
past to eorupier Mtuml Kxeresl, yel anoflier attenipl is 
to lie made to assaulf it. After the first I’lVerest 
“ reeoiiiiaissanee “ of (it iieral Mniee faili il to 

eompur it in l!)22, iJ. ('t)l. Norton in Mr 

r{uttl(‘(l^'(‘ in Dr Sliipton in Itl.'t.'). and ^^r 

Hutlle(l^'(‘ a^ain in 'I'lie lari*'(‘sl mountain peak 

of tli(‘ world lias altliroiip»'li remained iiiisukdued. llu* 
risky adventure to elimli it is yet iml'niislied and is 
to lie lia/arded anew. .Mr II. \V. 'rilman is to kad 
the new ex])edition. He is aeeomfianit'd hy a small 
hand of friends Oiled, Smyllie, Sliipton, Oliver, 
Lloyd and Warnii — all expert and experieiieed 
nioiintaiiieers. 'I'lie rather largish jiarties havin'*: failed 
in the past, the venture is hein^' made with a small 
hut impressiM* hand. l'’rom a leleurajihie inessai'e 
sent to I'lir Stutcsmnu of Caleutta on April (i, 
hy Mr 'rilman. it is harnt that the hixpedition esta 
hlished its base eamp on that date near the snout of 
the Ilon^hiik (daeier, twelve miles from the tfoal of 
its aiLeiilure. .No predictions have heeii made regard 
iiii*' the nil I hods of eanipaij 4 fi, and no Hxed pro- 
^'rainine of attack has been chalked out perhaps I hat 
is due to the eeeeiitrie and elusive nature of .Mount 
L.veresl. It has hitherto been iio ineihle. It is 
eliidiiijL'’ the best hiiinan elbirls, Ibil the seielitist of 
today is e(]u<‘iliy leiiaeious and persistent and has a 
peculiar eluirm for the ehisi\e. lie will not rest 

eontenled till the .Mount has yielded to him. Mian 
lime the slnii!:i;le will y;o on undauntedly, for e^er^ 
allemj)l made is a i'ain and e\ery new inch eo\ered 
is an aehiexement. We earnestly hope that the ex 
pedition led by Mr 'rilman may meet with sueeess. 

Strctnge Cau.sc of Fish Mortality 

A strange instance of the widespread mortal fly 
among fish in the lower reaches of the Dakatia river 
about 10 miles below Chaiidpiir in the 'rijipera distriel 
(llengalj was reported to the I'isheries Kxperl during 
his tour there last month. A inieroseo])ii‘ exainiiiation 
of the gill filaments of a large murrel fish ophiocr- 
phalns tnanditts ( Heiigali Clojar), says a note issued 
by the Press Oftieer with the (iovernmeiit of llengal, 
revealed that the eaiisalive factor was the clogging of 
the gills by swarms of a ])arlieular species of a miero- 
seopic organism. 'I’his organism caused an amher- 


eolonred diseidoiiralion of the water in the area 
afl'eeled, ]>opuIarly known ns " red- water-pheno- 
menon.'’ Snell ])henom(‘na have not up till now been 
notieeil exeejit in isolated regions of the world such as 
the Malabar coast of the .Madras Presidmiey, off 
Japan, etc. 'I'lie discolouration has been found to be 
due to the oei'urrenee of dense swarms of a partieiilar 
species of unieellular inieroseojne organism to the ex- 
clusion of all other organisms in a limUcd area in the 
open sea or a wide shoot of backwater. Such a dis 
eolouralion was noticed by the, I'isherii-s Kxpert also 
at the mouth of the River Rassiir during his tour of the 
Khulna dislrii t flh iigal) in Pebriiary. 'I’lie organism 
causing this diseoloiiration was found to be a species 
of Dinafliufcllate (a minute unieellular organism). 
Owing t«» the overerowding of these organisms in these 
waters there is a delieieney of oxygen and an excess 
of carbon dioxide which condition is fatal to all ani 
mals eoming within the area alfeeted. Resides, the 
dead animals deeaying in large, numbers and the 
residiaul matter, usually of a yellowish jelly like 
eonsisleiiey, have also a toxic ellis-t upon other living 
animals. 'The rapid miillipliealion of these mieroseopie 
org.'iiiisiiis is n udend |)ossible by a (’oneeiil ration of 
nitrati s and phosphates brought down by land drainage 
under favourable eoiiditions such as bright sunshine. 

'I'liese diseolotired patches are often distributed 
widely, sjimelimes within a few hours or ;i few days, b\ 
strong winds or water eurreiils. When the volume 
of the organisms is thus thinned out, they h.'i\e no 
deleterious ell’eel, but on the eontrary, form a rich 
source of food for lish. If nature does not cause e\eu 
distribution of 'In- eidonred area, wide meshed drift 
nets may be drawn across the aHe<*led area to fa<-ilital<- 
the distribution required. 

India’s Electrical Power 

'I'he following table will be \ery interesting to 
our readirs, es])eeially to those who have followed 
the artieh*. “ An Intelligent Alan’s (iuide to I'a o 
noinies of Kleetrieal Power, " by Prof. AI. \. Saha 
and Dr A. X. 'ramloii, jmblished in Scikni k and 
Cri/rruK, 50(M0 and 571- 71), ll);i8. D is the 
list of various jilaees in India, in wdiieli electrical 
power has been installed, and this is given in kilowatts 
under time heads steam, die.sel and w'aler. 'I'liost 
places w hose installed electrical powiT is less than 5()t) 
kilowatts have luaui oniilled. 'I’lie numbers show n in tin 
accompanying map indicate the locations of lh( 
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various placrs of I In* list on llu* rnap; for ( xaniplc. 
Dvilii’s numl)or is in the list, and lliis is shown .m 
tile map to rna})Io the rtadcr find out its ]>osi(ioii. 
Hotli llif list and llu* map arr taken from an arlii lr hv 
P. I'r. Von Sirilzf in llu- F.lr/,lrotrrlniiscltr ’/ritl 
chrift, n7, VI VI, 
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Water. 
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Kam])(>r 
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'riu* Ias( i\“\v pljn'cs nrv iiol shown in llu.' map. 


Brt‘vct Col. R. N. Chopra 

\Vi* a?T vrry ^lad lo hr ahir to amioiinrr to thr 
fraclrrs of S( ii:\« k Cri/n iM-: that lirrvrl Col. I(. N. 
('Iiopra, M.I).. S<'.I). (Caiitah). F.M.S., Dirrrtor of thr 
'I'ropiral Si-hooi of Mrdii inr, Calrulla. has turn rlrrt- 
rd an Honorary Mnnhi r of thr Anu riran Sjirirty for 
INiariiiarolo^y and Kxprriinrnlal 'I’hrraprnI irs in rr 
roi*‘nition of his out stand ini;' srr\ irrs ti) thr sri«nrr 
of PharinacMdo^y. 

In informing,' Col. (.‘Iiopra td' this disliiirlion the 
Srriadary of thr .\ssoriation writes that far the 
sorirty has admitted only three ollurs lo this imitpir 
honour, 7*r;., Prof. Hans Meyer of Vienna, l*rof. Stranh 
<d‘ Miinieh and Sir H. H. Dale, Direitor of the 
National Me«lieal Iteseareh (‘onneil of (irial Itritain, 
and a Nohel Ih’i/e man. 

It is well known that Cid. Cho)>ra has heeii Direetor 
of the Caleiilta 'I’ropiral Sehool of Medieiiie for a 
inimlxn' of y«*ars, and besides his personal eontrilmlioiis 
of .ii:real merit, has built n|) a fine s< hool of Pharma 
eidoi;;y and Kxperimenlal 'I’herapt iit ies. hiVery Indian 
slundd feel flallerid by the imii]iie honour (*onferred 
tm him. In a fulnrt* issiu*. we hope to publish a 
dtlaiitil arlielo on his seieiitifie works, and on the 
de\e!opnient of the IVopieal Sehool of Medieine 
imdt r him. 
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Science in Industry 

Government’s Proposed Economic Surveys and 
Studies 

Dr T. t’. (irr«;(»ry, who was appoinird as 
iiornic Ailvist r U» Ihc tjovcnuiKiil of Iiulia, has hn ii 
ill this connlry loiiy; mon^ii lo siirvry tin* si-opi* of llu‘ 
tasks that will he ciiliMisIrd to him and the nature of the 
org-ani/.alioii whieh he is recpiired lo iuiihl np. [| was 
ih>t the ol)'pa-l of the (roverninent in ap))<iiiilinf«: their 
Keononiie Adviser merely to promote the ah.straet in 
V(sti^ation of Indian eeonomie prohh-ms. 'I’lw exac t 
seo])e of Ins acticitiis is somewhat tentative and will 
he't'ome* more clearly defineel, the (iovertimeid hedieve, 
ill the lij»ht of experience. Ih sides the* eurreiil eeonc)- 
mie and linaneial prohle-ms with which the (hne'rnmeiit 
has lo cope from day te) day, a scTies of invest ii^at ions, 
it is hoped, will he imdertaken of a more i^e'iieM'al 
eharaeter, whieh an* not imme*diately re lated to Hu* 
l•nrrenl work of administration, .\montj; the* llrst of 
these* projeets. some* will, the* ( ioxerimient helieve*, l>e <d' 
de'Iinite ediieational \ahie* to the* oe neral pnhlie, for it 
is hoped to issue* a ^iiiele* lo ot{ie*iai ee*onomie and 
statistical literatim*, whieh will make* the* existiiii** 
vast mass of material more* readily imderslaiidaltle. 
It is in’oposed also lo inere*ase the use fulness of the* 
e*xislin«; pnhiieal ions, siieli as the* AiniHtil Jtrrino of 
(hr Tnulr of huhit^ Monlhli/ Siirrri/ of Jinsinrss 
Conditions in India (a he*ii;innini»' lias already lH*en 
made in this e*ase) and Slalisdcat Tatdvs rrtatini/ lo 
Ilanh's in India, hy improvinj^ the e-ontents anel wide'ii- 
in^ their scope. Apart from the*se, the* snhjeets of 
study will ineinde* hilate*ral trade* policy, the* transfe-r 
problem helwee-n a,y;rienlliire and Industry, the* limita 
lions and possihilitie*s of pnhlie works ])olieie*s in a 
eoimlry like India, and the f»;enera] eeemomie re*snlls 
e)f the poliiry of diseriininalin^ jiroteetiem. 'I’lie* 
J)e)ssihility of (*oinj)iIin^ a eleseriplive* eeeiiiomie 
survey of fnelia is under active diseiission. 'rhoni;’h 
sneh a survey would of ne*ee‘ssily, as the (iovernmeiil 
think, he an e'lahorate nnde-rlakiiijir and wendel reepiire 
some years lo complete, it is essential fe>r tlie in- 
iinstrial developme*nl of the* e’onntry and all the* more 


iiee*e*ssary ill view of the* 4*e*onomie surveys at ))re‘si*nt 
hi iiiii; se riously e*ontemplate‘d liy the \arioiis prm in 
eial (iene rnme iits. 

Bombay Chemists’ Suggestions for Industrial 
Development 

Some* ve ry nsefnl snugeslions coneerning the* ih ve*- 
iopincnt of provincial imlnstries are contained in a 
me iiiorandnm whieh the* liomhay Chemists have- eiee iehei 
to snhmit lo the* (rove-rnine-nt for their eonsiderat ion. 
'I’he* e*hemists suggest the* (*re*ation of a proviileial 
se-it‘nii(ie and indnstrial rese-are-h e*onneil, re*\ival ed* 
w'orkc'rs' gnihls, n-modelling ed' teehnieal edne’aiion 
and te-e’hnie al insi ilni ions, e*o ordinat ie>n of research 
work for imlnstries throiighont tin* lh‘i*sideney and the* 
reorgani/alion of the* Department ed' Industries lo 
e iialde* it lo he* of gre .*de r utility. 'I'he* fimelion of 
the* re se arch e*e)nne il will he* to ad\ ise* and guide* the* 
(iove-rmneiil in moniding their p(die*y towarels feisler 
ing anil ih vi loping both large* se*ale* and collage* in- 
ilnstries. An industrial snrxey, they slate*, of the* 
natural resonrees shonld he* immeeiialely nnelerlaken 
anel a systemalie* planning eef the indnstries in orde r 
of imporlanee* he* made. I'horongh eo operation 
he-twe-e-n the* researeh worke rs and various inslilnlions 
iieeels lo he* organizeil and eneonrage-d. A periodic 
survey e)f the e xisting inelnslrie-s shonld also he imile-r 
taken to olfer advice anil gniiianie*. An inelnstrial 
and CO ope‘ralive- hank shonlel he eslahlisheel liy the* 
(iove*rmnenl to he lp holii large* scale* and eeitlage* 
indnstries. 'reehnieal Iiislitnte-s should he* re*moeie*lle'd 
lo snp|)ly the right kind of traineel men from artisans 
lo supe rvisors and ina!iagcrs, for elitfe re iil indnstries. 
\Vhe*iie‘ve*r ehane*es for a ne-w venture are* small and 
e*apital is shy, the Stale* shonld nmhrtake* the* enter- 
prise* which, whe n siue-essfid, may he* hanileel ove*r to 
a private coneern. 'rile* (h)ve*rnmcnt should, on the 
;idvicc of the* propose*el e*e»nne il, take steps to e slahlish 
closer anel more ellieienl eonlae*l he‘twee*n scientists 
and industrialists and he*lw'e.*cn se*ie*nlist.s anel 
pnhlie leaders. If anel when a jiartienlar indnstry has 
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siillicicnlly .nlvam-cd and dtvtioprd, a sfparalr n‘- 
srarrli as.socialioii for il may In* inroii racial, 'i'o 
n-vivf ootlaji^f indiisirirs, it is issmlial to inako a 
survey, io re\i\c llie various »(iil<ls (such as llmsi* 
(d‘ prinlers), to provide expert advise rey^anliiij;: 
maeliinery, to ( neoiirai^e biiyiiii*' and selliny; of raw 
materials and niannfaetiired i»;oods on e<i-operative 
itases, to arrange for tlie better edmation, lusaltli and 
other meds cd' life «d’ tin* workers, to standardi/t* tin* 
materials liirmal out. and to follow this np l»y pro- 
pai>'anda work to ereat<* lastiny; interest in suvtdrshi 
articles, 'riu* Departnunl of Industries shonld be so 
re(»ri»anized by the (Jovernimiit , as to achieve the 
nee< ssary (»bjeel i\ cs, such as a eoih-etion <d‘ up io dale 
information; jirox isioii lor »‘xperl advice, eltu ient 
siiper\ision of eollai»f iiidnslrits by the revival of 
guilds, pro\ ision and elHeient supervision (d' the rii^hl 
kiiul (d' leehnieal Iraininii;, renderini»: ail kinds of a<-ti\t‘ 
help io the provim ial seieiititie and indnstrial n-seareh 
eonneil, mainlenanee of a seienlilie and t4‘(‘hni('al 
library, market ini>' and pro|iau;anda work, and (heap 
powi r and transport facilities for indiist rit's. 

It may be menlioiual in this connexion that the 
lioinbay (hnt rnment ha\e already decided Io plan a 
syslemali<- indnstrial survey of their Pianinee. 'I'lie 
liombay I’aamomie and Industrial Sur\ey (’ommitti'c 
have held two meetings so far, and haw already 
decided oil the lilies on whi<h they propose to eon 
duel their inr|iiiry. 1 1 has been deeidial to appoint 
lhn«‘ invest ii'alors who nmler the direction of the 
Commit I tee will eoiiilnet inlensiic sur\eys of the 
exist ins'; industries in the (’eiitral, Southern and 
Northern l)i\isions, and it is likely that a fourth 
in\ estis^ator may be appoinli'd to conduct a similar 
sur\i*y in the City of liombay. 'Mie C’ommittee 
has also in view the appiuntment of Divisional Coin- 
milties in the three divisions, lonsist inj;’ tif persons 
wi‘ll aiapiainled with the industrial and rural life of 
their districts and who will be of assistanee to the 
Commit lee in eolleetin^ information and will be able 
to super\ise over the work of the investigators. 'I'lie 
Committii' has decided not to issiu' a formal (pies 
lioiipaire. Instead, they have elaborated in detail a 
statement of the heads of in(|uiry under which they 
propose to <*olleel information, and a copy of this 
statement has been sent to inijiortanl eomiiiereial and 
industrial assoeialioiis, ollieials of (iovernmenl, agents 


of the All-Tndia Village Indn.strie.s Association and 
sele(‘ted individuals with a recpiest that they may be 
pleased to furnish to the Committee, siieh information 
as they can under any of thosi^ heads of eiupiiry in 
which tlu'v are interested. 

A eo))y of the slateiiK'iit will be issued f«»r piddie- 
ation ill the Press \'ery shortly. 


Nerd for Industrial Survey of Bengal 

In the Province of Hengal, tiu* progress of iiidiis- 
triali/atioii has been relatively slow. 'Phe Ileiigal 
National (‘hamber of Commeree investigated into the 
causes of this, and they found that the majority of tin* 
small industries suffered eonsidi'rable handicaps both 
in regard to the production and distribution of their 
goods. In a letltr addressed to the Cio\ eminent of 
Meiigal, tlu' C’ommittee of the Ileiigal .National 
Chamber of Commeree stress the necessity of instil ul 
ing, at an early dat(‘, a thorough and eomprelieiisive 
iiidiisirial survey of tlit‘ j>ro\ iiiee. ^They point out 
that while in many eases the indusirit’s woidd iirgintly 
reipiire adecpiate larilf proleelion against foreign eoni- 
pi‘lilion, a mere tariff assistanee would not solve the 
probhan of a larg(‘ number of industries. What is 
reipiind, on the otlur hand, tlu* (*ommiitee slate in 
the course t»f their letter, is a well eoneeived .and 
eompreheiisive plan basial on such eondilions as iii.ay 
be revealed by an b'xperl (’ommillei' and furl her 
imestigatioiis into the ])otenlialilies (d‘ new lines of 
indusirial development. 'The results (d’ such an in 
(piiry will, no iloubl, be of great lu lp to the existing 
industries by indicating Ihe lines along which liny 
mav lake sle])s for improving their methods id' piaidiu - 
lion and dislribution. 

'Phe (’oiiimiltet; ]>ropose that the empiiry should be 
entrusted to an Kxpert Committee consist ing id 
l)e})artinenlal oflieials, represeiUalive indust rialisls, 
and economists to be nominaled from the Universities 
of Calcutta and Dacca, and suggest that tin* terms 
of Ihe eiupiiry should eornprise the following points; 

(a) 'Phe number and variety of industrial eonetTiis 
tliroughoiil th(‘ Province, (h) the extent to which they 
fall short of the economic size, (c) the Pmaneial re 
sources and reipiirements, (f/) the provision of jiower, 
(e) the handicaps resulting from anticpiated niaehi 
neries and out of-dale methods of production, (/) the 
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quality of raw materials lorally axailablc anri methods 
by whirli llie defieiriuies tluTeiii may be tieutrali/.od. 
(r/) llu‘ quantity of raw materials whieh the industries 
have to import from abroad and tin? ineidenee .>f 
eustoms duties imposed thereon, (h) the frei^^ht 
ehar^es whieh the indnslries Iiave to pay for the 
transport of raw tnatj-rials and finished ^oods, (/) the 
ineidenee of labour Ief<islalion, (;) the ultimate eost 
of produelion of the ^roods, (/, ) the existin^r system of 
marketing ami (/) the measures whieli may be iieees 
sary to adopt to solve the problems faein^ the in- 
dustries. 

Radio valves and Philips 

I^hilips have- built up a reputation in the 
manufaedure of ra<lio valves and allied aee(‘.sse>ries of 
distine'tion. 'They have always undertaken ])ro 
grammes of eousistemlly developing their valves with 
peeiiliar n*^idarily bearing* a threefold respemsibility 
on behalf of themselves, the wholesaler and of th(‘ 
listeniTi^ public. An extremely wi‘ll-desif;fu*d and 
finely ))rint('d brochure from Philips has come to 
our notier. In it they have- preferird to e-learly lay 
out the-ir re-^ular pre)e*e*sses of pre)^’ressi\ e* impre>ve* 
ment made* ein their eiwn valves. No iniienation has 
been ushere*d into the market, to the* fuuelauiental 
basis of whie*h they ee)ulel ue)l aelhere threxughout the* 
sue*eessiv(* years. For the sake* of this |)rineiple' of 
maintaining' esse*iilial regularity, they nnne)unee* he»w 
a type* e»f valve whe)se patent had been taken as 
Cupra-Minixvatt was abandoned so late after the* first 
trial manul'aelure. 

One.* of the re*e*e*nt phases of their preigressive* 
development has hee'ii the* const rue*tieinal fe*ature* ed 
dire(*ted elee*tron beams. 'The* mannfae*turc of Cathoele* 
ray tubes and the study of the fie*lel e)f elee*tron e>ptie*s 
suggested this new principle in the eemstruetiem of the 
valve's. 'Fhe ])aths of (*le*e*tre)ns from the eathoele to the* 
various grids anel to the anode have ber’i eare*fully 
studied and the eh'c’trons have bet*n “ dise*ipline'el to 
erulow the valves with be tte r e*le'e*trie al eharaeteristie-s. 
'I'he evolution of this methenl has been lound in the* high 
quality oetode.s ami H. F. pe*ntode*s, whieh. Philips 
declare, have solved three outstanding problems, viz., 
the eonversiem pre)blem (also on ultra she>rt televlsie>n 
waves), the problem of reducing the iieiise te) signal 
ratio, and the problem of volume control. 


Mineral Deposits in Tripura State 

'Flu* (leoleegieal Surve y l)epartm(*nl e>f the Tripura 
Stale has issued a press-note* in whie*h they announce 
the* exislerue* e)f large pe*trole*nm re'se rvoirs as e*vide*ne*ed 
by recent invest igatiems e*arrie*d e)ul in the* Ibtramura 
and Dostmura ranges in the* State*. 'Fhcre* are*, says 
the* pre's.s jiole*, scve*ral ])aral]e'l ridge's about 10 mile's 
apart runrjiiig iie)rth te) south with suitable antieliiial 
slrnetures, nume*re)us gas-Ke*epagcs, anel saline springs 
whie*h are indie*ative e)f oil be*le)w. Me’siele's petreile*um 
and natural gas, there* are* large* deposits eif kaolin 
anel fire* clay. Maiiganife*re>us iron e.i-e s anel bau.vite 
have alse) been fe)unel, anel lhe*re* are* likely te) be 
fexiind. it is saiel, goe)el deposits e)f be ntonite*, impure* 
varie ties e)f whieh have* alreaely be*e*n fe)unel. 'Fhe re 
are* alse) suitable* biiileling mate rials anel re)ael me tals. 
Me)sl e)f the are-a is still une*xple)re(l, anel pe)ssil)ilitle*s 
are said te> e xist e>f fineling e)lher mine-ral de])e>sils e)f 
ee*one)niie* value. De tails abe)nl the* inve stigalie)ns e)f 
the* (Je'e)le)gie*al Survey anel alse) sample*s may be* had 
from the* eefKce of the* (ie*e)le)gical Department e)f the* 
Tripura Stale*. 

Proposed Utilization for Coal 

\\'he*n e*oal is burnt in its native* slate*, many \alu- 
able* sid)slanees e*se*ape lhre)Ugh sme)ke*. In e*ollie*ries, 
se)ft e*e)ke* is mami fae lureel by firing heaps of ee)al in 
the* e)pe'ii air. whieh amounts, it is said, te) a dissipatie)n 
e)f the natie)nai reserve*. A pre)ee'ss by whieh e*oal 
may be ulili/.eel without hurtling it, in generating 
e*le*c*trie*ily, is be ing e;ve)I\ e el, it is re*|)e)rte*el, by .Mr S. K. 
Sinha, .Sp» <*ial Ofliee r, Ilihar Flee t rifieat iein and 'Fube 
We ll Seheine*, who is trying to ge t the* best aelvantage 
e)ul e)f e*e)al by using it te) gene*rale* e tu rgy fe)r ele'ctri- 
fieatieni in the* Pro\ iiie e* e)f Miliar. Mis pur))e)se* is te) 
Hml out whether, insleaei eif burning e*oal eliri*etly in 
its native* state*, it wemlel ne)t be* ele sirable* anel pre)fitable* 
to frae*tie>nate' it, anel after ree*e)ve*ring valuable* liepiiels 
anel solids, to utilize* the* gaseeius byeprexeluels feer the 
piirpe)se e)f e*ilhe*r elrivitig gas engine s or he ating be)ile rs 
for suplying steam to lurbo-ge*ne*rate>rs. iV(*e*e)reling 
to Mr Sinha, the* Mihar Flee*trifie*alie)n rnele*rtaking 
woidel consume* at a me)ele*st e*e)mputatie)n, 'JOO 100 tons 
e)f e*e)al per diem. 'Fhis e*e)al, when frae tionateel, will 
yield soft e*e)ke, gas, light oil, nie*elium oil, anel heavy 
oil, ill e*e)mme*re*ial epiantities. 'Fhe* light eiil will be 
suitable* fe)r runtiing eruele* e)il e*ngiiu*.s, the* meelium 
cpialiiy, whieh will e*ontain a lot e)f earbe)nate* aeiel, will 
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bf invalunbli* for treating timlwr, atid tlic heaviest 
liquid products will be suitable for road dressing. 
Mr Sinha is very hojHful atM)ut the success of his 
process. He has discussed it with Dr II. K. Sen, 
Director of the iiidiaii Lac Research Institute, Ranchi, 
who has given him great eiuMUirageineiit and also 
agreed to carry out cxpcrinuuits for him. Mr Sinha 
is likely to complete his investigations regarding all 
the aspects of his process, and it is possible he will 
ask the (iovernnient to have his scheme examined by 
a committee of experts. 

Suspected Gold Deposits in Jaslipur Slate 

dashpur State in the Kastern State Agency 
possesses some gold producing area which is under- 
lain liy gneissic rocks, cut by innumerable veins of 
(|uartx and tourmaline-quartz rocks, and is drained 
by the river lb anci its tributaries. Sparsely dis- 
seminated gold occurs at many ])laces, but the out- 
standing feature of the area is the (x-eurreiice of an 
auriferous gravel bed under the, alluvium in the bank 
of the 11) and its tributaries, the Maini and the 


Sonajori. Kvidcnccs of old placer mining are 
abundant in the area. At present no digging of 
any kind is allowed and the only gold now obtained 
comes from the washing of the river sands and the 
soil mantle on the stream banks and on the divides 
between the nnlas. The Geological Survey of India 
recently conducted investigations in the principal 
gold-producing area of the State, and studies of the 
physical characteristics of the gold and the distribu- 
tion of the auriferous alluvium have led them to 
believe that gold has l)een derived from the quartz 
veins which are so abundant in the area. As these 
have not been prospccteil yet, the Geological Survey 
authorities hope that during the c.isuing field season, 
suitable operations will be iiiiderlaken in order to 
indicate the economic possibilities of those gravels. 

Our Industrial Article for June 

'riic following article on “ Production of Liquid 
Fuel from VV'atcr Gas ” has been contributed by Mr 
Durgndas Lahiri for our section of Science in Industry 
of the present issue of the Journal. In this the 
author describes a process by which liquid fuels may 
be obtained from coal. 


Production of Liquid Fuel trom Water Gas 

Durgaclas Lahiri 

|)ci«;irliiM*iif nf yVp|>{ii‘i| ( lnMiiisfry. riiivrr'>il 


The earliest fuel used in furnaces for the generation 
of power was wood, which, due to its various dis- 
advantages, has been replaced by more efii(*icnt fuels, 
coal and coke. Hut when compared with liquid fuel 
which is gradually though slowly replacing solid fuel, 
it has various disadvantages. Thus where rapidity 
of firing, cleaidiness, attainment of a high leiuperature 
in a short time and its aceurate maintenance are re- 
quired, solid fuels cannot be use<l except with special 
care. Resides, liquid fuels have higher calorific 
value, leave very little ash, occupy .smaller volume, 
are clean to use and require fewer men to attend the 
furnace. Liquid fuel has reduced the discomfort in 


loading fuel, cliiikering fires and stoking. And the 
mor.t important point in favour of the use of liquid 
fuel is that it has greater energy and effieieney than 
coal or coke. C’on.scquently the use of coal, as it is, is a 
wasteful one. Incidentally, it may be said that the coal- 
reserves arc limited, and, therefore, special earc should 
be taken to minimize wasteful handling. In India, 
for instance, the total reserve is only 80,000 million 
tons for a population of 850 millions. At present our 
annual raising is about 20 million tons and if this were 
kept constant — a very improbable assumption — the. 
reserve can last only 4000 years. 

The question then arises as to why liquid fuels 
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are not so extensively used. The answer is short. It 
is the limited supply of liquid fuel with its eonse- 
quent heavy eost. At present the sourees of liquid 
fuels are distilled produets of ])etroleuin, shale, tar. 
and aleohol, ete. These sourees are so very limited 
that a general replacement of eoal by them eaniiot 
be. done. Moreover, petroleum which is the main 
source of liquid fuel may fall short in not very 
distant future. As far as India and Huriua are 
coneeriied, we are producing about 320 million gallons 
of petroleum annually. If the total reserve be com- 
puted at 20,000 million gallons the total reserve may 
last for 00 years. If, therefore, liquid fuel is to be 
used we shall have to look for other sourees than 
petroleum. And as this fuel problem is a world- 
wide problem, eht'inists and engineers in dilfer«‘nt 
countries have turned their attention to obtain liquid 
fuels from eoal. 

'riiree processes, which are still being developed, 
are 

(1) Low temperature carbonization of eoal; 

(2) Franz Fischer's methanol and synthol 

processes or the conversion of water 
gas into paraffins; and 
(;i) Hcrgitis liquefieation of coal. 

By the first jiroiTss a much greater amount of tar of 
lower sp. gr. can be obtained than by high teinjiera- 
ture distillation. The quantity of gas is no doubt 
less but it has higher calorific value and candle pow'cr. 
'riic coke obtaineil is much more useful for domestic 
purpose as it i-an be used as a smokeless fuel and 
can be lighted easily, 'riuis the following average, 
yields per ton of eoal by high and low temperature 
carbonization will make the thing clear — 


Tempt. 

Cu. ft. of 

gas. 

Tar in Sp. gr. 

gallons. 

900°C (high) 

11,000 

9 

1.2 

600°C (low) 

0,100 

21 

1.087 


In the third process the coal is subjected to a pres- 
sure of 150-200 atmospheres in presence of hydrogen 
at about 'i50OC. 86-90% of the eoal is converted into 
liquid products. 

In the second process, which I am describing here, 
the coal after low temperature carbonization is con- 
verted into water gas. This water gas is converted 


into methanol or synthol under jin^.ssure or into hvdro- 
earbons at ntmosjiheric pressure in tin* presence of 
suitable i-alnlysls. 

I he use of C’O as Ihc starting point in the 
synthesis of liquid j)roducts was first poinlctl out by 
Sabatier in 1905. As two of the \alcin’y directions of 
the molecule arc unsaturated and tiu sc were known to 
be readily taken u|) by oxygen, snlpliur, chloriin , etc., 
he pointed out that under suitable eoinlilions coinbina 
tion with hydrogen should be possible to yield either 
aldehytie or alcohol. Till 1913 the onlv rea<'tioii 
established by Ihc passage of (’() and Ilo ov«‘r a 
catalyst was that resulting in the lormation ef ('ll,, 
Cih and H,(). 

For a long time, then fe.re, the search for a catalyst 
capable of converting water-gas into intermediate 
reaction products appeared to be Ihc only course left. 
A clu(‘ to it was found in the diU'erenee in the 
behaviour of zinc formate and ])otassinin forniati'. 
While potassium formate is formed fnun KOH and 
water gas at ordinary pressuri*. zinc format i* is formed 
from zinc-oxide and water gas at eonsich rably high 
pressure. The former yields t>n (h'eomposition potas- 
sium oxalate and H,», while the latter gives formalile- 
hyde, methyl formate and intdliaiu)!. The residue, t»f 
course, is zim* oxide which can rt gi iierati* zinc-formate. 
This reaction (‘XiTcnsi d no small infinenei* on tin* sidie- 
lion of j'atalyst, but tin* precise maum r in which it a<*ts 
is not known. The use of high |)n‘ssun* was warrant- 
ed by the already known fact that beh)w red-heat 
ZnO decomposes methanol into CO and llj and it 
was eonsiilered that the same catalyst under high pres 
sure might induce tlu‘ reverse reaction. The fa«*t can 
be readily anticipated fnnn La-('hat*lier’s prinei))le 

as CO f ^ CM , OH. 

Hv using ZnO Patert and Fischer obtained methanol 
in almost lluoretieal yield, 'rhough this aleohol has 
very little use as a fuel it has ollu r um s, for instance, 
for the manufacture of formal(h*hyde (which has a 
great iliversity of applications, ])artieularly f<jr the 
Hakelite industry) for methylalijui, deiiaturation of 
aleohol, e((‘. 

Fi.seher attacked the problem mainly from the point 
of view of producing a mix«‘<l product suitable as a 
fuel for internal combustion engines. He employed 
a catalyst iron, impregnated with a strong base and 
the reacting conditions were a temperature of 41()°C 
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ami })rissurr lu lwtTii 70 aiul 150 alinos. 'rin* t-ntl 
prodiu't consislnl of a mixture of aIfoli<»Is, al<U“hytU*s, 
kftoiu's. acids, together with a series of hydroearlmii 
up to The boiling’ ran^^e of Ihis mixiiire 
was from HO to I2t)‘^ It had a calorific value of 
7500-8200 (’al. (ptln)!- 11,000). 'I’hc yield was 
from 10 < 0. m. of CO I 211^ Kxj)erimeiils with 
a petrol ciijrine jujavc very satisfactory results. 

'I'hc reaeli(Mis involved in the formation of the 
products, as expiaint^d by Ciseber, are as follows: — 

CO I 211, (’H,01I 

CH,OH f CO ( H.f’OOH 

2C11,, COOH Cll ; (’0(T1. f H,0 1 CO, 

(side reaction) 

l.CH,('001I I H, ( H, ( HO f- 11,0 
(’ll. Clio f H, - C1I,CH,01I 
(’, H.OIl i CO ( , ll,(’OOH S: so on 
'The Hadisehe Coin))any have endeavi)urfMl to }>rodnee 
))ure ])rc.(luets with the lulp of this rea<tion. 'I'liis 
Company imployed as catalyst mi.\e(l oxides of Zii 
& Cr t/nO, !>()’; ; (>,0.j, 10’, ) and, at a pressun* 
ol 150 to 250 atmosphen's ami at a lemperaliin* of 
lOO- 1-25'^(’ flu y obtained ^’ood yields of methyl 
ahohol. Audiberl also obtained pure methyl alcohol 
usinji: (> aiul C at 200 atmosphere pressure and 
225-M00'T\ His ifas e<msist<(l of a mixture of (’() ' 
11;. and he demonstrated that only abov<* .‘tOO'^’C side 
reactions be^iii, which result in tin* formation of other 
alcoluds and ('ll,. 

'The process of Heroins as well as tin* methanol 
and " synthol ’’ syntheses which depi'iid chiefly ujmn 
pressure hav»- lapsed somewhat into tin* baek^roimd 
sinct* I'ranz Fischer himself (he diseo\ercr of the 
synthol synthesis carried out his remarkable 
work on the hydro^'enation of CO into paraflins at 
ordinary pressure. In fact, wherever possible hi^h 
pressure teehni(|ne has been abamlo’.ied in favour (»f 
ordinary pressure and this is due to its inherent 
dillieulties. In this process water iJas with some ad- 
mixtiin* ol H, is passed over tin* catalyst at a definite 
tcmpi rature win ii licpiid hydrocarbons are formed. 
'I’he catalysts are pn pared by the reduel ion of the 
oxitles of Fe, CO, Ni, etc. 'I’he theory on which 
Fischer bases his work is that high carbon carbides 
art* formed on the catalyst and that these are 
decomposed to ft)rm the methylene group wliicli poly- 
m{‘rizes to form saturated liY^drocarbon-s. 


After Fischer and 'I’ropscb had begun their syn- 
thesis of liquid produets at ordinary pressure, various 
inve.sligators in dilferent etnmlries have extensively 
developt tl the proeess. Hesides Fiselier and his eolla- 
horators, Smilli and his eo workers, KIvliis and Nash, 
birdely and Nash, Levy and his eollahorators, Smith 
and his eollahorators, Muller, Jimgling, KohayaeshI 
and liis eollahorators Kodame, Fujuinera, ete., have 
eontrihiited materially to the atlvaneemeiit of this 
suhjeet. 

At present it is rejmrted that .several factories are 
working for prodiieing liquid pnaliiels by this process. 

'I'he various catalysts which have been fouml to 
give gotui result are as: — 

(1) Co- (’ll- 'rhorium-Kit‘s»*lgulir catalyst 

(2) Ni— Mn- Al,(), 

(:t) Ni-.Mn— Th, etc. 

( t) Co - (.’u -I’h -C, etc. 

with promott‘rs such as alkalies. 

As Mil- n n. lions of tlio fornmiioii of liydrorarbons aiv 
ntti'iiilrd wilfi llio ovoliilioii of heat and iimlractioli of 
V(dium-. it .an I..' |•,■nllil^• anlicipal.il that lii,;li pn s 
snrt- anil low l.inporalnr.' an- favonral)!.- for llio 
formal ion of liipiid proilii. ls, lint at lii,{li pri ssnrc 
oxy,i.nal,d prodn.ls arc form.'.l and diffi.idti.s of 
Ii/kIi pr<-ssiiri' ti'oliniipii' liavc div.rird tin- all.-nlion of 
iti\f.sli,;alors to Ibis field wbere bi,{b |)ressiire is iiol 
n sorted to, 

'I’he o))!imiim leinpirahire is found (o he near 
about 210”, though it varies with dillVnml catalysis, 
'riie ealalysts are prepared by the reilnelion of the 
oxides with hy(b*o^.(,„ ,,l the l»‘mperalure of the re 
action. Sulphur (‘orn))onn(ls and high temperature are 
iound to have a dehterious efl'eet on the activity ol 
the eatniysl. 'I’he o)>timum gas vi loeily, gas mixture 
mid the catalyst sjiaee have been studied. It has 
bein found llml a gas mixliire of the ratio of (‘():H, 

1:2 is the optimum mixture in agreement with the 
eipiatioii 

i)( () I 1‘) H, C., H..,, 1 PH,{) 

F.xeess of hyilrogeii favours the formation of nielli.anc. 

A dehnile mixture of ( () and H, can he produced 
in the following ways:- 

(1) C I H;; 0 - CO f Ho (by jiassing steam 

over coke at lOOO^'C). 

(2) In the prese?u*e of Ni catalyst, by tiu* re- 

action CH4-FH2 O CO I ;i H,. 
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Hydro^vn ran Ik- ohlaiiu-il from c-oal gas, and 
natural gas and gasrs from <*rai*king oil. 

(’() tliroiigli rcdiu-lion is a ready source of CO, (lie 
reducing agents may he coke, Il» and (‘H^. as slu)\vii 
below : 

co.-f-c — 2(0 

CO,4-IIo CO hll,() 

;iCO, 1 C'H„ > ICO I ‘JH.O. 

It has been re])orled that water-gas (‘onlainiiig \- 
( O asd • 1 - 8°''5 IIj gave a yield of IdO ee <»f oil jn-r 
eu. metre of wat»r-gas using Ni-Mn-Al eaialysl. 
On the basis that !•() lbs. iif coke product- 1000 eu. ft. 
of water gas, this is etpiivalenl to about 00 gallons 
of oil pt-r ton of coke. 

It appears that this process of synthi-sis of litpiid 
tiu-l at ordi.iary pressure i‘ou))le<i with low tcinperatiire 
carbonization which ))rovith‘s the coke for the pro- 
duction of water gas and valuable by-prtidueis is 
fraught with great industrial possibilities. 

'rhus starting with t>ne ttm of coal we can get 
by carbt)nizing at oOO '(’ about 11- cwl. tif coke, tilOO 


eu. ft. of gas of calorific value 750 U.'IMJ. and 21 
gallons of tar of 1.087 sp. gr. 

'I'his tar on distillation gives 
2 gallons of light spirit 
5.5 gallons of heavy neutral oil. 

'I'his eokt- (It cwt.) would givt* according to the 
former data about 1-0 gallons of lifpiid prodiuts by 
Franz Fisc-her’s synthesis. 

In a n-cent pa])cr in Peirulcum Times I’ischer 
gives the pcreeiilages of dilfcr»-nt j)roducls lu- has got 
by this |>rot-css and these arc as follows:- - 

8 °^, (ia.sol. 

02 % .Motor spirit. 

21 ‘\, Diesel fuel. 

2 % Paraffin wax. 

1 '!., (\-resin. 

'rims laleidalion shows that by the combination of 
the ala)ve two proc-esses we can obtain from 1 ton of 
coal about 2. galhms of imitor spirit, 15.1 gallons 
».f Diesel fuil aiid dilfennl amounts of other valu- 
able of ])roduc‘ls.* 

" KeutI at till* Cali-iitta ('liemiral Cluh on the tJlli Msiieh, 
I ‘tits. 


“Rubber” From Tung Oil 


A ftubber suhstilutj* which sirelehes, sua|)s back 
and in many respects resemhh-s and behaves like 
natural rubla r j-an be ina<h- fnan lung, soya bei-n and 
other vegetahle oils, aecttrding to a pattnt gra.iled 
to Harv(‘y (i. Kittre«ige of Dayton, Ohio. (Pat. No. 
2,11 1,1-27). 

In some features the new v\d>ber substitute is 
superior to the natural product, the inventor asserts. 
Many acids and alkalis ilo not a licet it. Oil and 
greases do not attack it. 

As std>slilulc for natural rubber in paints, and 
varnishes and as a coating for textile material, the 
tung-oil " rubber ” already is finding wides])n'ad use, 
it is staled. It can be vulcanized like natural ridd)er 
with .sulphur, yet the vulcanizc<l product (-ontains no 


fnc surphur, which is eoiisidert-d objeetionahlc in 
rublu-r for eerlaiii uses. 

'Phe new rubber is made by healing a mixture of 
tuiig oil and glycerine to about lit) to 150 degn-es F. 
until complete reaction takes place. What eln-mists 
term “ heal j)olymerizalion ” oi-eurs. Mi>le<-ules i)f 
lung oil and glycerine join with one another to form 
the rubber sid)stitutc. No milling is re<piired. 

Besides tmig and soya bean oil as the starting 
material, oriticica, ])erilla and eotlonsccd oil may be 
used, 

l-sc of the new rubber substitute for auto tires 
is not mentioned in the ))atent, but it is noted that t 
may be mixed with natural rubber. 

— yew York 'Times, 
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Restricted Rotation About a Single Bond 

Altlioiij'h the clnssi**;!! ;is wt^ll iis tin* MMMloni 
qniiiiliiiii-im'clnniicnl theories of vnlein'o allow free 
axial rotation about a t wo-eb‘e1 roii lannl, instanees 
are inereasiii^ in nninlK'r where sueh a nitatioii 
is eonsiderably restriete<l <lne to mutual interaelion 
of the ‘•rou])s. Some time ajie, Mizusliima ami 
<*o-workej*s attemi)te<l to prove this restrietion in 
a series of eommunieatioiis (Sc. Inst. Phys. 

('hem. Res., M), (Kl, 111, ISH, ItllKi.) in several 
haloj^en (l(‘i’ivatives of ethane fnmi measurements 
of their dipole moments iji stdntion and eoni])ari- 
son of their vibration speetra in the litpiid and 
solid states. More reeently, rr(»m measurements of 
the heat eapa<*ities of etham*, Kemp and l^it/er 
hav(* addiKM'd slron^: evidenees (./oar. .ha. Phnn. 
Sue., 2T(i, 1927), for the existenee of a potential 
barrier of .21.50 eal./mole between <*ontiguralions 
of maximum and minimum potential energy. 
(‘omi)ari.son of entropies obtained from moleeular 
data with those derived from the third law of 
thermodynamies has indieati'd similar high values 
of potential barriers in moh'eules like ethyl aleo- 
hol, aeetone and i.so|)ro])yl alcohol. (Schumann 
and .\ston. Jour. .ha. Plum. Soc., flO, 985, 1928). 

'Phe intramolecular potential of sueh com- 
pounds often show sevei’al minima (Kyring, Jour. 
A)n. ('turn. Snc., ii',. 2191, 1922, Smyth and, 
MevMpim*, i/uV/, .57, 979 1925,) indicating ijossibility 
of several stable eoidigurations. Since the 
thermal energy ilcT) which ai<ls to overcome 
restriction of rotation is of the order (iOO cals per 
mole only at room temperatures, it follows that 
transformation from one stable configuration to 
another by axial rotation is often consi<lerably 
restricted at ordinary tem])eratures, still more so 
at low temperatures. Attempts to experinn'fitally 
demonstrate the existence of isomers of these res- 
tricted rotators by fractionation at low tempera- 
tures will be interesting. 

— J. G. 


Blood Groups and Genetics 

The fundamental aspects of the blood groups 
were first summarized by IJr V. Frieiidenreich 
(Ann. Kucfcnics, S, no. 2) in delivering the (laltoii 
he* ture at the University College, London, on 17th 
March, 19.27. 

The substances on the presence or absence of 
which the blood groups depend are sharply 
characterized by serohigical properties; they are 
not demonstrable by chemical means, and wc have 
rather a vague idea of their ( hemical structure. 
2Tie.se substances known as antigens give rise to 
antibodies when injected in a foreign organism. 
The reaction is demonstrated by agglutination, 
}in<l in this reaction the antibodies are fixed to the 
cells and thus removed from the fluid. This 
part of the process is known as absorption. 

Landsteiner in 1900 discovered the pheno- 
menon of iso-;igglutination. fie assumed the 
existenee of two <lifferent antigens in the blood 
corpuscles and two corresponding normal agglu- 
tinins in .serum. 2\*n years later (1910) von 
Dungern and Ilirszfeld demonstrated the heredi- 
tary properties, and inheritance follows the 
Mendel ian laws. The freiiuency of the factors 
differs in dilferent parts of the globe, tloing 
eastwards towanls .Asia the frequency of B in- 
creases, that of A decreases, whereas the fairly 
pim* North American Imlian tribes show practically 
no other groups than O. These phenomena are of 
great interest in connexion with the problem of 
the origin and distribution of the human races. 
Von Dungern and Ilirszfeld showed that A and H 
properties are due to dominant gene while the D 
property is recessive. Their assumption of the 
two independent pairs of genes was modified by 
Bernstein in 1924. Bernstein advanced a three 
allelomorphic gene hypothesis. Thus according to 
Bernstein three blood grouping genes are all local- 
ized in the same chromosome. 

The blood corpuscle A reacts less strongly than 
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others, and this led some investij^ators to assume 
two kinds A eorpuscles. Landsteiner ami his 
oollaborators in 1926 showed that all A individuals 
could he placed in two subgroups Ai and A... 
Friedenreieh alonj* with Dr Worsaae earrie<l out 
a systematic (piantitative examination of the 
absorption power of the corpuscles in one hundred 
A persons and in a clear j«rai)li showed the 
‘ strong’ ' and ‘ weak * types accordiiif* to their 
absorption power. These were found identical 
with Landsleincr’s A, ami A.. This bipartition 
of the A groups has a simple genetic basis. 
The allelomorphic H;enes are not three but four, 
namely O, Aj, A^, li, w'ith A,, A^, and B dominant 
to 0 and A, dojninaiit to A... 

Turnino; to non-human blood Friedenreieh said 
that the blood f^roups have arisen independently 
as parallel mutations in the anthropoid and 
hiuuanoid stocks. The so-called A ami B antijicns 
are not sin{»:le elements but a eom])onml of several 
compounds. No animals other than the anthro- 
poid apes <*o»itain all of them but some of the 
eoniponejits are found in many other species of the 
animal kinjfdom while in some they are absent ; 
thus the Forssman antiyefi is ciuumon to all sheep 
whilst in man it forms part ()f the jirou]) character 
A. It is a matter of j»r(at bioloj»:ical interest that 
their oeeurrenee is wholly unrelated t(j an animaFs 
position in the zoological system. (Jroup deter- 
mination is tint limited to blood corpuscles alone, 
but it is possible in nearly all our body cells ami 
body fluids. In sheej) the Forssman substance is 
found in lilood corpuscles but not in the tissues 
while in f*:uinea-t)if's it is ]>r<‘senl in the tissue but 
not in blood corpuscles. 

Landsteincr and Devine discovered the antij»:ens 
M and N in 1926 and Dr Friedenreieh stressed 
at the scepticism of some authors that they are 
just as much blood j^roups as the ori»:inal ABO 
system. The new MN system has lony: been classi- 
cal and it has alremly occupied a ])lace in forensic 
medicine. The additional factors 1* of the above 
authors and several more factors (1, II and (J 
have also been discovered. It is still very difficult 
to assess the value of these findings but at any 
rate they show the lU’esence of a j^reiit many 
{?roup antij^ens in human blood corpuscles. Time 
jnay come when we may have the ])ossibility in 


practice of a perfectly individual blood jrroiip 
diagnosis. 

Dr Friedenrci(d) next procccd(‘d to speak of the 
rare jjroup projuMdics within the classical lilood 
}»:roupim^- system, lie found a similar case like 
Frome -a mother M with a child X. Thorough 
re-cxaminatit)n l>,y the speaker revealed the ])re- 
seiiee of a weak N fa<*lt»r, which was found to 
be an inherited defective N tyjK* in I lie family. 
This extremely rare ^roup lias been calltMl 
It is anajemdus to A- and is recessive to X. 'I’Ik* 
presenec of a similar very weak antigen in tin* .\BO 
system has led Dr Friedenreieh to class another 
subjrronp A... This ‘•ene A.; is dominant to O but 
is recessive to both A, and A,-. Thus with the in- 
clusion of X:; ami Aa lh(‘ (ompletc system will 
have If) }j;enotypes ami S phenotypes. The three 
classes of A corpuscles are not equal in all persons. 
A;t members of a family differ from the A., mcmbi*rs 
of another family in their anti A a^iiliilinins. 
Similar sm’olojiii'al pcmiliaritics of a familiar 
nature occur within .\, type also. It may be 
thus that tlu‘ subgroups of A arc risilly expres- 
sions of mutations in a relatively unslalilc Mcnc. 

Th(‘ blood ^roupiim phenomena ocenr by the 
blood forming’ cells in tln^ bone marrow building 
up th(‘ respective anlif^’cns under llic action of a 
blood ;^'roupin^' ^cm*. In eoiKlmliim' Dr 
Friedenreieh said that the serolo^iieal methods 
reveal the most subtle differ(‘ne(‘ in tlu‘ composition 
of the orj.ianisms— far byomi the scope of chemical 
methods. 

— N. N. Sark<r. 

New Golden Figure from Columbia 

In Indiiin CuKurr, D 'IbS, I 92 S. Dr II. I). 
Sankalia draws attention to a vm-y interestiiq*' 
}robl(*n ffgure from Folumbia, belorminj* to the 
Fhibeha folks of the t'auea-tals and now housed in 
the Staatliehe Museum fur Viilkerkunde, Berlin. 
The figure wears ornaiiumts, has iiuHlitatin;! <*yes, 
and clearly shows the As is well 

known, the last is a eharaiMcrist ie of the etiins of 
the Indian gml Siva (ef. Sciimr «V ('ulturi, /, 
5HH.S9, 1926; /ad. Fa/., 2, 762-771, 1926), and dates 
back to the Fhaleolithie A**!* rejire^ented at 
Mohenjo-daro. ilow it travelled to America and 
obtained a place in primitive mythology is a 
problem for the DilTusionists to solve. 

(f. L. Milker }((:. 
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Indian Physical Society 

Ati ordinary innMin^ of the Indian l^hysical 
So<‘ii'l,y was hold on Saturday, the dOtli April, at 
4 )U) p.ni., in the IMiysics Seminar, rniversity 
(‘ollejic of S(*i(‘n(e, ('alentta, willi l*rof. I). M. 
RtKse, Vi(M.‘-I*resi<h‘nt, in llu* (Miair. 

The nndernientionefi ••eidlemen were duly 
elected fellows of the Society: 

f I ) Dr (\ W. D. Normand; (2) I)r N. Ahmad: 
(•1) Dr II. d. Taylor; (4) Air H. (\ Alukherji: 
(T)) Dr Swami dnanananda, iPrajiue); (tl) Air 
Kartiek (Miandra Alookherji; (7) .Mr Asoke Kumar 
U(>se-. (S) Mr Alrijiankasekhar Siidni; and (9) Mr 
llaripada Sen. 

The following' pa|)ers w(‘re read: 

(?) K. Ikinerji ?)nd A. 11, ’nine Structure of 
jiromatie compounds I'.art III l>en/o- 
pheiioin*. 

(??) K. hanerji and A. Jljupie— Si)ac(* ti>’<>ttp 
of i 'rea 

(n?) 1). M. Dose and 1*. (\ Mukher.ji On the 
origin of colour of ])ar{inujj>:netic ions 
in .solution. 

(??') S. ( \ Sirk.ar and J. (iupta On the heat 
(*ap;icity of a few crystals at low 
temperature. 

('•) H. 0. Ma.junidar -On the total retlcc- 
tion of Radiowaves in lonosi)here. 

Dr A. K. Datta delivered an interest in*^ lecture 
on ‘ Dispersion of supersonic waves in Iluids.* 

Royal Asiatic Society of Bengal 

An Ordinary Monthly AleetinJ^ of the Koyal 
Asiatic Society of Denf>al was held on Monday, 
the 2nd Alay, iudS, at ,")-d0 p.ni. 


The followin'^ candidates were balloted tor as 
Ordinary Mend)ers :- 

( 1 ) MahaniJ Kunuir A. O. Alahtab of Durrlwan; 
^2) His Kxcellency The Kij'ht I Ion 'hie Lord 
Drabourne; (2) Mr Jacob Uuben Jacob; and 
(4)Nawab Sir Alohiuddin Kanxiui. 

The followinjr papers were read : — 

(1) Al. Ik Kmeneau. Kinship and Alarriaj'e 
amoii”- the (’oorjis. 

In this paper the author j^ives a descri]>tion (d 
the marriafie rites ami the kinshi]) .syst(‘ni ot those 
(k)or<is who list* in the ((‘Ut r.d i>orlion ol the pro- 
vince of (\)or}i\ ?.( . in Mercara ami \’irajp(*t, the 
district betwc(‘n these two towns, and in Nalkiiad 
to the west. Xo accurate ethnolojiicjd iiccount of 
these people has y(‘l a|)pc{ir(‘d. 

(2t X. L. Hor. A'ano Ihilla (Jrjimmar and 
V ocabulary. 

An att(‘mpl luis been nuide in this ?(rticb' to 
describe i\ little-known dialect spt)ken by one (d’ 
the hill tribes in Assam, km>w!i as tin* Djitlas. 'I'he 
Dallas iidud)it the foothills t)f the Himalayas in 
As.sam between the IMiorelli and the Khru rivers. 
As far as is known th(‘y live ;d.so mu'thw.ards to 
the fool of the lofty s?ioweov(‘red niount.’iins 
known as the Se La ranj»e. The yi’ammar is in the 
Yano dialect which is very different when spoken 
from the Tjij^en. A vocabulary is supplied in both 
the dialects. Differem‘e in ])ronum*iation and in 
the words between the V?ino and the Taf»en is 
noticed. A comparative list (d‘ Aliri, Apa Tanaiiji', 
and Dalla words is al.so ;;iven. 

(2) S. N. Dhakrjivarti. D(‘velopment of the 
l>en»ali Alphabet from the Fifth Fentury A. D. 
to the end of the Moh.amniC'hin Rule. 

In this article a systematic pala*ot*:raphic study 
of the devclopmeid. of the Bengali alphabet is 
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attemptotl. The alphabet itself was but 

a later local (levelopiiient from the Ib'ahml Li])! 
which is iimloubtedly the earliest syllabic alphabet 
of India. The Hrahml ali)habet developed throii«»h 
the aj^es of the Mauryas, the ^iiii^as ami the 
Kshatnipas of Northern and Western India till by 
the time of the Kiishanas it became divided intt) 
two distinct varieties, an Kaslern and a Western. 
This paper deals with the Kastern variety only. 
The author has also attempted to solve the orlf^in 
of the Indian system of notation. 

After the reading of tlie jiapers, the following*- 
communication was made; — 

M. Hidayet Hosain. — A Klyinji: Machine in the 
9th century A.I). 

Abul Qasim ‘ Abbas bin Firnas who die<l A.I). 
S8S, had invented a llyin^^ ma<*hine, a description 
of which is {>iven by Al-Ma(i<|arl, died A.I). HilVi, 
a reliable historian. ‘ Abbas bin Kirnas attache<l 
a couple of winjis to his body and j?ettinpf on 
an eminonee th'w to a considerable distance but 
while alij»htinji’ a;»ain on the place whence he ha<l 
started lie was hurt. The first attemid was not 
crowned witli sin*(e.ss but it appears from the 
account of Mumin bin Sa‘hl, a contemi)orary poet, 
that the scientist was successful as an aviator 
and flew to •'real distances at a considerable speed. 
Amon^ his other inventions worth mention are 
j»lass, and an instrument called Minudhih similar 
to the DKtroiiaUK by wliich time was marked in. 
music without having' recourse to notes and 
flfiures. 


Indian Chemical Society 

The Secretary of tin* Indian (Micmical Soci(‘ty 
is j^lad to announce that in aicordanei* with the 
rcctimmendalions of the Hoard <d‘ Examiners, the 
(N)uncil has awarderl the Sir 1*. (’. Itay 70th Hirth- 
day (*omnieinoration Medal and d. M. Das (tiipta 
Memorial Medal to Dr Nripendra Nath (Miatter- 
jec and Dr H. S. Srikaiitan respectively. 

The Hoard of Kditorial Dorr(‘s])ondcrits for the 
Imlustrial and News Kdition of the Juiirnnl o/ the 
hulinn i'hnnival Snruijf has been formed with the 
followin^r ‘gentlemen: 

Dr H.irat ; Di* Atma Ram ; Mi* H. H. Dhavale; 
Mr P. N. Das («u|)ta: Dr II. K. Sen; Dr J. K. 
(Miowdhury ; Dr S. Krishna and Dr K. (1. Naik. 

The first issue of the journal wi jiublished 


In accordance with tin* new rul(*s as adopted 
at the last Annual (icin'ral Meeting’ of the linliaii 
(1icmi(‘al Society at (‘alcutla, Prof. P. Ray and 
Prof. d. N. Ray, have bi*cn elected Honorary 
Kditors. The following’ have been eh‘cted as 
members of the Hoard of Associate Kditors bn* the 
dournal of the Society: 

Dr P. K. Hose; Dr P>. P». Dey; Dr P. i \ (Juha; 
Dr S. Krishna; Dr T. S. Wheeler; Dr S. S. Hhat- 
na{i:ar; Dr N. R. Dhar; Dr d. (\ (Ihosh; Dr S. S. 
doshi; Di‘ d. X. .Mnkln*rjee; Dr H. i\ Hidia; Dr 
P. P>. Sarkar; and Dr II. K. Sen. 


Erratum 

In SeiKNCK Si rri/miK. d, 572, PJdS, col. 2, 1.5 for -PM) crorcs etr. rrad dt) erores, et( 
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yrhc Editor i.s not rrxponxitdr for the viewx pjrprfxxrd in the Letlcrx] 


Experiments on the Synthesis of Degradation Products 
of Bile Acids, Sterols, etc. 

'I’hc followiii}*’ rx|M*riiiicnfs have la'eii t-arried out with a 
view to syntiicsize the triearljoxylio arid (\,Ha,(), isolated 
by Wieland and his co workfM's.’ 

Met hoxy -acetone cyanohydrin was comlensed with sodio- 
ethyl-cyano a«‘etale and the result int^ product was reacted in 
situ willi ethyl- -^-chloro-propionate, to yield diethyl -,‘l, 4- 
dicyano—d-inethoxy-iiiethyl [K'nlane — 1, .'{-dicarlMJXylate b.p. 
l!M-200“/l in. III., which oil liydrolysis yielded— , ^-nielli yl — 
^-inetlioxyinethyl jg-carboxy-adipic acid, as a 
triotliyl ester !).]». ITO-To®/! m.m. of tlie above achl on 
treatment with sodium in ben/.ene yielded .'1, o dicarbethoxy — 
2-iuetliyl— 2-uierhoxynielhyl-cyelo-pentaii(.' — 1-one b.[). 105- 

07®/4-o m.m., wliieh on liydrolysis yielded .‘bcarboxv— li methyl 
---2 methoxymethyl-eyclo pentane - l-one m.p. 117-10". The 
corresjiondinf;’ e.ster of the aliove acid b.p. 1.'50 ,"»2® AS lu.m. on 
bein^f reacted with (iiijiiiard ’s rean<.iil itrejiared from niaj»iie- 
sium and 1-ethoxy — l-bromo pentane (prepared in the usual 
manner) has yielded a mixture of 1. hydroxy l-(,y methyl— 
g-ethoxy buiyl 'l-carbetlioxy L’-inethyl -2-methoxyinethyl- 
cyclopentane and the correspond injj nnsaturated compound. 

On complete dehydration followed by wibsequeiit hydro- 
j)enalion, dealkylation and oxidation, the above compound is 
e-\pe«*ted to yield the acid. 

My best thanks are due to Prof. P. P. Mitter, M..\., Ph.l). 
for his advice and the keen interest he has taken during 
the projtfress of this work. My thanks are also due to 
Mr N. (rhosh for canyinj^ out microarialysi.s of some of the.se 
compounds. 

Palit Laboratory of (liomistry, D. K. Banerjee. 

University (^ollego of Heience, 

("aleutta. 

Id r).:i8. 

’Z. PhjfxioL Chfm., IM, 27d, 1024; ibid., ZJ6, 01, 1933. 


On the Electrudialysls of Serum with a new Diaphraifm 

In working out tlie conditions esscntinl for tlie removal 
of ehrtrolytes from seiurn without appreciable lo.ss of anti- 
body in the .serum, the writer has noticed that of the three 
types of diai)hra|jfnis stmlied, eellophane, parchment and 
phenol-resin product, the last one jjives best results. 'Phus 
a .serum on dialysis in a ehamber with parchment dia[dira^m 
jjave only 800 I. I?, after a period of 4 hours, whereas with 
the phenol-resin jirotluct membrane alTorded a prodind of 
1500 1. U. t International Units) under the .same eonditions. 

It is pei'uliiir that on subsequent dilution, the rate of 
Jail in nnlitoxie units was dilTerent not only with difTerent 
diluents but with the same diluent under different physical 
conditions. 

The work is in jiro^ress. 

Ren;;}il Inimuuily Hesearidi Ijaboratory, N. It. Phowdliury. 
Harunajfore. Paleutla. 

I i-r)-:is. 

AbMorptioii Spectra of Rare Earth Salts of 
Ranchi Allanitc and Gaya Monazite 

The rej;ion from Gaya through TTazaribag to Eanchi ami 
Piirulia is highly minerali/.ed, and one oiM*asionaIly picks up 
nulio-aelive minerals. Kveii to tlie north of Gaya the Iml 
springs of Kajgir in the district of Patna are highly radie 
active.* Occurrence of radio-active coluinbite, with its 
analysis, was reported by me so far back as l!)2S-2!».- 
Analysis of radio active alhinite with an absorption spectrum 
given by the nire earth .Halts obtained from it wins al.Hu 
publishoil in 19,32.'' Since then I have had o(?easion to 
analyse allanite whieh extends from Kanidii to ruriilia, nn 
extensive area. Reryl and tantalite have also eome umhu 
my notice. Tantnlite.s have often proved to be eolunibife> 
rather than tantalites. All these minerals have eeonomi'- 
value and should be systematically sought for. 
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In my ptipor on rmlio-;nMiv(* cohiiubiti* I lisul mi‘titiniiiMi 
timt I luul in my possession n few small bits of monst/ite 
sai<l to liave been picked up from (Ijiyn <listri<*l fnan near 
about where the columliite was fouml. Tlie amount of 
Ihoria in it is about o per cent or so. There is substantial 
amount of oxides of coliinibium and tantalum in the mona/.ite, 
lendinj; support to the claim that this was picked up fnun 
near tlu* columbite de|)Osit. 

Jn tlie course of my invest i;^af ion 1 prcftarcd some rare 
earth salts both I'rtmi this mona/ite and from allanite above 
rel'errefl to. jT«)w closely the two minerals, monazite from 
Ouya an 1 the allanite from Haachi districts, resemble in 
their rare' earth contents will lu* seen from the two absorption 
spectra. 



Tlic absorjitiiui spectra here depi<ded were taken with 
a Direct Vision DilTnictioa (Irutia^ »Specl r-'seopi* attached 
to a quarter jilalc camera and adjusted for our purpose. 
A ditTerciice of lO(M) on the tenth metre scale j 

corresponds to (i.H mm. It is possible to identify the bamls 
fairly easily. The li;;lil s(uirce wjis Ihunto-li^lit. (.'lO (\I*.). 

I reserve further and fuller details for future ]mblicnti«ni. 

Bose Research Institute, N. Na^. 

Talcutta. 

* ln\ estimations on the Tfadio-Activity «»f Hot Hprinms at 
Rajgir, Trans. Unst Inst,, /, 1HIU-I12. 

* Chemical and Klectroscopic Kxaiuiiiation of a tSaiuple of 
Jtadio-Aelive Colum])ile from (laya District, Quatvrty Jour. 
Oeo. MhK & Mf frtl Soc. Indio, 2 , IT. I, .11129. 

* Radio-active Allanite from Bahea, Ranchi, Malaiiya 
Commemoration Votume, 


Absorption of Radio Waves in the Ionosphere 

In the derivation of the Appb*ton liartree formula for 
the propagation of radio waves through tlie upp«*r atmosphere 
the motion of the eIi*<‘tron in the elect ro-mamneti«' fii'ld of 
the incident wave is assumed to In* subjected to frictional 
ftirces proport iomil to its velocity. The frictional forces may 
be thoumhi of as arisinm out iif the collisions between eleelroiis 
and the heavier mas partieles in the iemosphere. Sinee ea«'h 
eollision temls to destroy the diri'<‘led momentum of the 
\ibralinm eleetron it a ill cause absorption of miermy from 
the iiicidmit radio aave. It is possible to mak<' an ('stimale 
of the eollisional frequeney from suitable ol»s»*rvations on 
the absorption of the rmlio wavi's “ ietb‘cte«l ” from the 
iiinosphere. Siieh obs(*rvalions yield values of eollisional 
frequeney of the onier of Itf'/si'c. in tin* Flayer !in«l Uiysee. 
in the K-layer.' If pliisible assurniitions remardinm the 
temperature and pressure at the M layiT heimlit be made, 
then it is found that the caillisional fre«pieney jif tin* eleetnms 
with tlie hea\'er ])artie|es as eah'iilated from the classieal 
maskinetie theory aj^rees with the eollisional frequeney 
derived from radio e\|>erinients. 

No\v r«*cent investij^at ions show that the eollision rross- 
seclion of atoms and molecules with eleetr«»ns may vary 
between wide limits, espeeially when the velocity of the 
electron is smnll. This is the so-called Ranisam'r KlTe<*l. 
The amieemeut b(*tween the td»seive»l ami calculated values 
(on the ^as-kineti«- tlieory) of the eollisional fn‘quencv is, 
therefore, rather surprisinm ami s<a*ms to be aci'ideatal. In 
view of the fa«'t that the new (juant um-iiieehanies furnishes 
us with a im*aiis of invt'stlnatinjr the various eollisional 
processes more rimormisly, the whole pluMiomeiion of inter- 
action la-twccn «*lec*!rons, ions and moleeiilcs in the ionosplu*re 
should be sludietl anew in the limhl of qnanliini-mechanics. 

Investim-’ili^uis on some of the imjKutnnt collision re- 
actions, sinh as the ilynamical equilibrium between the ions, 
eleelroiis, neutral particles arnl radiation, in the ionosphere 
liave reeently been made by Massey’ and also by Tukadti;* 
Thoumh not juished to a salisfai lory demree of ((uantitative 
aecurjiey their work furnishes ns with much useful inform- 
ation re^ardin^' the jdiysical nature of many of the pheno- 
mena of the upper atmosphere. The elastie eollisional 
processes resjumsible for the absorption of rmlio waves have 
jiot been considered by them. In the [iresent note an attempt, 
has been iiuole to investiKati* tlie elastie eollisional processes 
in the li^lit of the new quantum me<*luinies. This has also 
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Imm'u done rocently by Mttjuindar to whi<'h roference will 
bo iiiudo la I or. 

In the ionoMplioro wo as.MUiuo that tliore exist the following 
particles: 

( 1 ) Oxygen molecules, at»)ms or both. 

(52) Nitrogen moIe<‘ules. 

(.*1) Positive ions- iiioleciilar ami atomic. 

(4) Negative ions. 

(5) Free electrons. 

The equilibrium ratio of the different eonstituentH ia a func- 
tion of the height, ^Ve assume the following composition 
for the IMayer:* 

(I) Neutral moh‘cules .... 10’*/e.c. 

(II) Free electrons ItP .. 

(.1) Positive ions „ 

(I) Negative ions . . . , ' . 

(lenerally we consider two types of (‘ollisions: 

(a) Hetween electrons and neutral molecules or atoms. 
{h) hetween (’hs'trons and positive ions (molecular). 

{a) rrobability of <la,stio coKuion bctu'crii .slow f hrtron.s 
tutd nfutral mol(culr.s — The tlieory of elastic scattering by 
nMde<'ules be<'omes very mrndi complicated on account of the 
fjict that the molecular field is not spherically symmetrical. 
Detailed investigation on the clastic scattering of slow ele<*- 
I rolls by sufMidently rejiresentative molecular field has been 
iiia«le by Stier^ using spheroidal <'0-onIinates. It can be 
shown that with the spheroidal system of co-ordinates definctl 
by 


An expression for the total elastic cross-section can be 
obtained with this type of field by the method of partial 
cross-st'ctioiis. The method <*onsists in finding two solutions of 
the wave eipiation, one inside and the other outside the mole- 
cular boumlary given by p - the phases which must 
be added to the wave outside to make it continuous with the 
wave inshle the molecule are then determined by equaling 
the ratio of slope to function for the two waves. The 
cro.s.s-section for elastic collision is then given by the 
fortnula 

V 7?., S 51 

m / 

2 ^ 1111 ' 

X is the X function such that 

Ot)in o 

■’.m'-Uw-o) 

J. 11. Fi.Hk* lias calculated the elastic cross section for 
collision of 0* and Na by the above method for electron 
velocities from 0 to 40 volts. The result obtained by him 
is given in figs. I and ll. The experimental curves obtained 
by Kamsauer and Briiche are also given for comparison. I’he 
theoretical curve agrees satisfactorily with the e\[»erimental 
curve. For H.l volt energy which correspomls to the average* 
kinetic energy of the electrons in the K-layer the total 
elastic cross-section is found to be equal te) It) atomic units 
for Oj and 20 atoini'* units for N-. 


‘ <1 d 

d the iiilernuclear distance 

the Schrddinger equation for elastic scattering becomes 
separa}»le with a molecular field of the type 
r. /(p) 

where V | + — J - .77^ j; 

the coulomb field for the molecule, 
and f(p) is sudi that for 

r “0 for p = pu 

The erileria for /(p) are 

/(l)-l,/'(po)gO 

/(po)-o,/'(i)go 


Mince the classical gas kinetic cross-section for collision 
may be taken as MX 1 "’1 atomic units we see that 

Q (gas-kinetic) is of the same order of magnitmle as Q 
(quaiPum-mechanical) at these low electron velocities. \\c 
now see the rea.son why the collisional frequen<*y between 
el(*ctroiis and neutral particles as cah’ulated by the classi- 
cal gas-kinetic theory agrees with the experimentally 
observed value. 

{b) rrobubility of rlaatk collmon betirrm slow chetrons 
and positive ion.s {molecular ) — Majumdnr has recently 
considered a model ionosphere consisting of electrons and 
ions only, and has estimated the frequency of the second 
type of collision, i.e., collision between electrons and ions. 
He obtains a high value for the collision cross-section for 
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llw‘ -}-ivo ions iind tlio (‘ollisioir.il ficqiK'ncy valurs oltlitinril 
by him are 

r— for till* F-layt*r 
v~8Xl0Vs**c* for the E-Iayer. 

On the streiij^th of th<‘s«* results he nri^jcs that the IMayer is 
completely ioni/.e«l (since l>is value of tin* collision fiequeiicv 
between elei’troiis and ions only af^rees with the exjauimental 
value). Vor the K lay(*r, thou;^'li liis value is a liundred 
times less than the observed vjiliie, la* suf^j^ests that the 
cidlisiou in the K layer is still between electrons and ituis, 
because on account of the attachna'iit of eleidroiis to m'utral 
moleciih's the observed elei'lroii density in the K lav(‘r is 
much less than the positive ion density. In fact he con- 
tmals that the positive ion d(Misity in the hl-layer is about 
loo linu's that of the ehsdrons. With this assumption the 
I'ollisional frequency becoim*s equal to SX 10* for the K-layer 
and a^r(‘i‘S with the experimental value_in ordei of 
man'll itiid(‘. 

It thus seems that if Wi* accept Majumdtir’s hypothesis 
we are in ti dilemmji. 'IMu' collision frecpiency as calculated 
ipmiitnm meehanically on the assumption of en<‘ounteis 
between eleetnms and nt'iilral molecules is of the saim* 
order of magnitude as that «‘ahMilat(‘d by Majumdar on the 
assumption of < nc(ainters la'tween <*h‘ctrons and ions only. 



Th(* question nrist's which of the two collisional proce.sscs 
is actually responsible for the absorption of the radio waves 
in the K-luyer. If we "xamine tin* sissumptions on whic,h 
Majumdar bases his calculations we find that the rejison of 
liis obtaiiiin|r the very hirj^e value of the collisional cross- 


section of the ions (so hi}jfh in fact that it outweiiyhs the 
effiH*! of the numb<‘r of neutral mohs‘uh‘s exceeding; that 
of the ions by a fu4*tor of the onler of lO") lies in his 
simplifying' assumptions rej'ardiny: the ionic liehl. 

Majuimlar assunu's a field of the type 

-rh 

y(r)- 

where, z is talteii equal to unity 

and h a constant equal to twii’e the avera^;e inter- 

molecular distani'c “lO * mi. 

Xow since for all r where I'tr) is afqireciable the 

field of the ion assunnsl by Majumdar b(*«*omes praclit-ally a 
splu‘rically symmetrical coulomb fiehl. (Quantum nu'chanit'al 
treatment of scatteriaj' of electrons by such a fiehl ^ives 



results similar to Die Rulherfonl scattering: formula and 
the cross section tends iiionotoiiically to infinity as tlie 
electron velocity lends to /(‘ro. Tin* extremely hij'li value of 
the collision cross-section for the ions fddained by Majumdar 
seems to be due to tin* fact that the ioni<’ fiehl assumed by 
him aj'rees rather too closely to tlie coulomb field. 

I.t is of course to be e.xp»*eted that the jirobability of 
ela.'^tie e(dlision between electrons ami positive ions will be 
larj'cr than that betwis'u eli'clnms end mmtral molecules; 
but the ratio between the two cannot be so hi^li as 10" as 
is (h-mnndeil by Majumdar ’s hypthesis. 

It therefon* seems r(‘asonable to conclude that since the 
collisional frequency between electrons nnd neutral mole- 
cules us calculated quantum mechanically nj'rees with 
the observed values, the absorption of radio 
w'lives at least in the K layer is due primarily to elastic 
collision between electrons ami neiilral molecules. 
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My ;itt(Mitic)ii to this inteivstiiif' problem was drawii by 
]*rof. S. K. Miti'ii, to wliom I express riiy grateful thanks 
for many helpful jliseussions. 


Wireless I laboratory, Tb IT. Kay. 

University Uolb'ge of Seieiiee, 

92, Upper ('in ular Itoad, 

(^ah'Utta. 

24-5-38. 

’ Farmer and Ibibditre, /3S, tUS, lO.'ly. Bailey 

and Martyn, Naturv, 13}, 218, 1934. 

- Massey, Prov. Hoy. Soc. A., /6.J, 512, 1937 

■‘Tukada, Htport of Hadio lUsuirvU in >! opan , 7 A'lA ^ 19.37. 

\Stier, Ze/Av. f. Physik, 76, l.’li), lt»;{2. 

'Uisk. Phya. Ui V.,49, Ib7, I9;i(;. 

“Majum.lar, Z< «V. f. Phy.'dk., 107. 599, 19.37, 

A Note on Longitudinal Waven in Degenerate .Gaa 

Absfroi'L — Fixpn'ssions for velocity of lotigituditial waves 
in a deg(*nerate and non-degenerate pas are found out ai-d 
then an n|)|)lieal ion is made to tind the central density of 
the earth. 

It is known that for any substaiK-e the adiabatm 



The velocity of longitudinal waves is \/A/p where /? ia 
the ndinbatie elasticity of the medium and p its density. 

Hence in the non-rolati viatic case the velocity is^p^ 

'3 0 

in the relativistic ease it is 

Q 

Using the values of pressure p ns given by Kothnri’ we 
get tlie expression given in the Table for the velocity of 
longitudinal waves. 


rue interior of the earth is supposed to lie a core of 
molten iron and therefore degenerate matter. Hence the 

velocity of seismic wtive.s is / ^ ^ \ 2 

to the first approximation. 


On putting down the values of the constants we get tlie 


velocit y=4.08 X 1 0" JL- cm /sec. 

3'he tlieory of pressure ioni/.ation gives 



where /i„ is l.'iken l(j he .tj- ami .r to he 2(5. 

Now th<‘ velocity' of longiludiual waves at the centre of 
the earth is 11.4 km/sec. Taking the experimenlal value 
7.8fi gms/cm* of p* we get the central density as 9.49 gms/«‘m=‘ 
but if we take the theoretical value of p* (log p*— 1 .80.32) 



Non-rolalivistic 

Kolaii viatic 

Noiulog(‘iiorjitf 

/r./.T \ 


Dogofiornto 




where n- 


Further in any gas (degenerate or non-degenerate) S K/V 
in the non-relativistic ca.He, and since for an adiabatic 
change 

rdSrmUi j 0, 

It follows that the adiabatic elasticity is p. But in tho 
relativistic case, since p”l H/Vf the ndinbatie elasticity 
is 4p. 


pmR 

we get the central density as ti7.43 gms/cm®. 

The Punjab University, T*. C. Auluck. 

]..ahore. 

9-.5-:i8. 

> Kothari and Singh— Z«. /■ Aatrophymk, March, 19.38. 
’B. Gutenberg and Richter— Notitre, Feb. 26, 16.38, 
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Government Scientific Departments and 
Learned Societies 


I .S'/w/f' half a rnilarif mjn, mo(li‘ra rrsvarch \cas 
practicallif unhuoxcii ia this vountrif cmpi far an 
attempt here and there in this direction. IVith the 
spread of IVestern ideas, hoxcever, a ehanpe xcas 
ntdieed everi/xeliere, and the educated man on thi.K 
side of the Sue.-: felt keen interest in modern methods 
(tf re.scarch and etnnentrated his enerpi/ on it. Folloic 
intj the !l estern st/stem, learned Societies K'cre formed 
xchere original u'orkers could meet one another, dis 
f«A‘y their points <ff rietc and e,rchan<p- notes. SitOn 
U'e had (piite a numlter of such lutdies, (Oie in' or 
even more dealing ivith a particular hraneh — most 
of these lu'intf all- India in outloitk hut provincial or 
local in their sphere of activity. The onljf all-India 
hodff, in the real sensi' of the xcuird, at that time 
teas the Indian Science ('onpress .Issociation (for its 
historif vide our editorial article of this month ) lehich 
teas formed to i/ive a stronger impulse and a nuir- 
sustematic direction to s^'icntitic en<iuir}i, to promote 
the intercourse of Societies and individuais interested 
in science^ in different parts of the country, /r; <d)tain 
a more fp-neral attention to the tihjects of pure and 
applied Science, etc.” It held an annual meeting 
tchere papers xcerr read and discussed. Its functions 
and aims are, luncex'cr, different fnnn those of the' 
learnel Societies, just as the British .ls.sociation fttr 
the Advancement of Science is different from the Ilopal 
Societif. Hence the need for an .ls.sociati<nt all-India 
in character and coniposititm remained. The Indian 
Science Conrfress Associatitni, therefore, adopted a 
resolution in its litd'/ meetinff to this effect, and the 
Xational Institute of Sciences of India teas founded 
in the folUnvintf ifcar, as the supreme (irf/anirjation in 
India rcith the other all India scientific Societies 
cooperatinp icith it. 

Scientific llcscarch in this eountrif also owes much 
to the various Research Institutes and dovernment 
lieseareh Departments. These have not onlff farther- 
ed the cause of original investif/ations in this eountrif 
hif actual cooperation with the Societies and private 
workers, hut have also been themseh'es active centres 
of research for niatxi) pears. 


We tfit’c heloiC short accounts of the important 
ones of these learned Societies and dovernment I\e- 
search Depart meats, as far as thei/ have been avail- 
able. to us. Some of these could not be included, due 
to leant of adciiuate informatitoi. ll e hope hmeever 
to pubH.\h them in future as soon as their histories are 
obtained. 

Editor. S( Ii:n( K & ('ri/rrnK| 

Surveys and Scientilic Departments 

The Botanical Survey of India 

Siu’M'V of pnHliicls of India br^nii 

undrr llic of (iovrrmmul as far baik as llu* 

iiim lirs, wlini llu* oporalions wrrr rjilnislrd to ( 1 ) llu* 
Siip<riiit<‘nd(-nt, Itoyal liotaiiii* (iarduiu Sibpur, 
CaK'iitta, (!i) llu* Din-clor, Itotanioal l)(‘))arlnu'nt of 
Norllu rn India, whosi* oftu*t* was at Saliaranpiir, (.’I) 
a nirfnl)ci* of llu* slatf of llu* Colh'^^i* of Scirrua*. Poorwi, 
and (l-j tiu* (lovirniiurit Ilotanist, .Madras, 'riu* /irsl 
iiam<*d olIictT was llu* additional and piin lv hon- 

orary drsi^nalion of Dirurlor, Hotanical Surv<*y of 
India. Hi* had howrvir, prai*iii*ally no i*o.ntrol ovrr 
his asso«*iat»*s (’.\is*pt lhal lu* forwardrd their annual 
ii ports alon.a: with his own l() llu* (ioverniiu*nl of India. 

Ill inO.'l sonic rcor^anixalioii took placi* and the 
oHic(‘r at Sahnranpnr and Foona w'crc replaced l>v the 
F.eoiioinie Hotanisls lo llu* (iovernnienls of the United 
Provinces and lloinhay. 'I’lu* (lovi-rninent of India 
w'as impres.sed with llu* iin))orlaiu*(* «)f hotanieal ex- 
ploration and in UM 1 I'J on ihe re(*oinmcndalion of 
llu* Hoard of Seienlilie .\dvii*e llu* departin(*nt of 
Kiporler on Keonoinie Products and the Industrial 
Section of Ihe Indian Museum wer<* amalgamated 
under the Dinetor. Holanieal Survey of India, who 
had aln*ady l)«*en provided with Iw’o Indian Assist- 
ants for sy.sleinalii* work, and thus earne into ex- 
isleiiee the Depurlmenl of llu*. Holanieal Survey of 
India. 
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'rile name of llic Department ^jfives a general indi- 
eation of what sorts of work are carried on by it. 
Finaneial conditions have however limited tlic work 
to: - 

fn) 'I’hc care and iinj)rovcni<*nl of tlic Ihihlic 
(iallery of the Industrial Section of the Jndian 
]Vriisenm, wliieh is now mainly an exibitioii of ^•<•ono- 
rnic ])Iarits and their products. 

(h) 'I’he collection, record and supply of infor- 
mation rej^ardin^ all such economic plants and their 
products as do not spe<'ially liclon^ to agricidture 
and forestry. 

(c) Purely s<ientifie work, mostly <‘oiusTiied 
with systematic llotariy and the supplying of infor 
rnation in c<iinuetion therewith. 

(//) Puhlishiiig from tiiiK* to litiu' of valuable 
hi>lani<al theses written hy eminent botanists under 
the caption “ Ki'cords of Hotanical Survey <d’ India.'* 

Hesidt's the Kciniomie court the Department main- 
tains a good herbarium, a rich library and an e.xecdlent 
ledger Si'etion. 

hi this connection it may be noted that apart from 
hotanical exploration and museum activities the <le- 
partincnt has to manage since 11)10 the cinchona 
affairs of the (lovernment of India embracing produc- 
tion and siitiply of (punine to the Provinces and 
States in Upficr India, 

The Geological Survey of India 

'Phe earliest geological w'ork in India, between 
177H and IS 18, w’as done hy several surgeons of the 
Hon'ble Fast India C’omiiany, in addition to their 
duties. 

“'riie Geological Survey of India had its (frigiii in 
the desire of Government to have the coalfields sysle 
inatieally investigated” and in 1815 the ('ourt of 
Directors of the (.’ompany in T.ondon sent out 
^fr. 1). n. Williams as G{‘ological Surveyor. Before 
he died of fever in 1818, he liad explored the Bani- 
gniij. Kamgarh and Karanpura eoalficlds. While his 
sneees.sor was being sought. Dr. .1. Me.Chdland, 
Secretary of the Coal Committee, visited the Giridhi 
coalfield and submitted a ” Report on the Geological 
Survey of India for 1818-19”. 

Dr Thomas Oldman, Director of the Geological 
Sur\«*y of Ireland and Profcs.sor of Geology at 
'I'rinity College^ Dublin^ came out in 1851 and was 


designated ” Superintendent, Geological Survey 
By the time of the Mutiny in 1867, he had gathered 
a staff of Iw'clve, mostly Irishmen; the Survey had 
its ofHcc and Mu.scmn of Economic Geology at 1, 
Hastings Street, and the first Meinnir had been jiub- 
lisbed. When Dr. '1*. Oldham retired in 187(5, after 
twenty-five years of service, be had established Iht 
Cteoh)gi(‘al Survey w'itli practically its present organi- 
sati .n. and with a high scientific reputation, althoiigii 
its officers had hc<*n engaged largely upon eeonomie 
surveys and had sutt’ered iniieh from disease and 
hardship. 

'riu* D<‘partinent increased steadily imlil, after 
the end of the \l'ar, the cadre slood at one Director, 
six Suptrintendents, twenty Assistant Siiperintcn* 
dents, five Sub Assistants, Chemist and Artist. 'Phen 
eanic the rc1rem*hmenl of l.u;il and the Department 
lost a third of its strength. .V little of this has hern 
regained ami the cadre now stands at one Director, 
four Superintending Geologists, Iw'tlvc Geologists, 
one Chemist, eight Assistant CJeologists, Curator ami 
Artist. 'Plu‘ Pdrologist, Palaeontologist and Assistant 
Director in charge of the Headcpiarters office at 
('aleutta are scleet<*d from the Geologists for short 
periods and the rcfiuiremeiits of Burma are* met hy 
lending three officers on foreign service. Its budget 
is under foiir lakhs. 'Plie office of the Survey in- 
cludes a well-eepiipjied chemical laboratory, a seienti- 
fie library of some 80, 000 volumes, and an art section 
dealing with photography, printing, and the drawing 
and reproduction of maps and illustrations. It also 
maintains four mineral, rock and fossil galleries in 
the Indian Museum. 

'Phe main duly of the (Jeologieal Survey of India 
is liio investigation of the mineral resources of India. 
For this the first requirement is the geological map 
of India, upon the a»*euraey of w'hieh the solution of 
most geological problems ultimately depends. 'Phese 
maps are usually drawn on the .scale of one ineli to 
the mile, and wdien published with the reports, are 
reduced to quarter-ineh or lesser scales. A general 
geological map of India is published on a scale of 
32 miles to the ineJi, and detailed maps of coalfields 
and oilfields have been printed on sc'ales of four inches 
to the mile and more. 

Siieh maps enable prospectors to cut sliort their 
preliminary work and to start where the Geological 
Survey left off, ruling out of their operations large 
tracts of barren country. Though often negative, the 
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economic intormatinn given by tliese maj)s is none the 
less of the greatest importance. 

During the survey of the country, mineral deposits 
are frequently discovered. Such discoveries an- 
published without delay and all information not ae 
quired confidciitially is freely available to the public. 
It is not the aim of the D«‘partment to compete with 
the private prospector and consulting geologist, and 
its work normally ends at the exploratory stage. 

'rhe. Geological Survey is freely c<»nsulted by the 
C-enlral and I^ocal Governments on mineral and 
<‘ngiiieering questions, such as 

(1) 'rhe suitability of sites in hill-stations with 
regard to landslips, the means of pre- 
venting slips and of remedying any which 
may have taken place. 

(*J) 'rile suitability of proposed railway align- 
ments, both from a emistriielional aspect 
and with a view to ta])ping the mitieral 
resoure«s of the country. 

(.*<) 'I’he suitability of sites for dams and canals 
with rt‘gard to the geological striu'ture 
and porosity of the rocks. 

(I) 'i'he jirospi'cts of obtaining underground 
water b»r towns, eantonmt'iits and rail- 
ways. 

(o) 'I’he suitability of rocks for building stones 
and roadmotal, of limt‘st<ines for lime 
and i'cmeni-iriaking, <if clays for ceramic 
and refractory |)ur})oses, and of coals for 
industrial purposes. 

(6) 'rhe belts of country likely to Ix^ affected 
by earthquak«*s, and the constTuelion of 
l)uildings to withstand them. 

For the public, full advice and all information 
not of a tfonfidenlial nature is given witlioiil fee b> 
those interested in the development of minerals in 
India, arid tbc identifieation of minerals, roeks an,l 
fossils sent in by private observers is done w’itliout 
fee. 

A duplicate eolicction of roeks, minerals and fos- 
sils is maintained from whieb exchanges are made 
with museums abroad, and specimens preseiiteil 
gratia to museums, <!olleges and selmols in India. 

The scientific and economic results of the (ieolo* 
gicaJ Survey of India are published in three series, 
as illustrated: 


Memoirs, dealing in detail with a particular region, 
or with a particular mineral of economic im- 
txirtanee, and piihlislud wluii .such an investi- 
gation is eomplele. 

Records, publisiied quarterly, eoiisisling of shorter 
papers on stratigraphy, minerahigy, jietrography 
and palaeontology. In the Iteeords an* includ- 
ed th(‘ fieiieral Report, the Aiinual R(‘view of 
Mineral Prodiielioii and tile more extensive 
(iuilupieimial Review of Mineral Production, 
wliieh gives full details of all iniTu^ral ixeiir 
renees worked in India. 

l*(daeontoltuj}a Indieti, d(‘seri])tions by specialists of 
groiqis of Indian fossils, with innneroiis platt^s. 

'I'lu^ .seieMtifi(‘ work of the G(‘ologiea] Survey is 
so ititiinati‘1y bound up with the <*eonoinie, that it lias 
for long heeii n‘t‘ognir,ed how inadvisable it is to 
attempt to separate these two as])eets of (icology. 
'Phe apparently more academic questions are taken 
up .sidt‘ bv side with llie itonoiiiie, to the mutual ad- 
vantage of both, making the Geological Survey a 
realiv vital service to the mining, metallurgical and 
elu'inical industries of India, 'riiongh not directly a 
reveniu*-))rodueing department, it has more than justi- 
tied its existence by its marked though indireet eifee't 
iqnm ineoine lax returns, royalties and deail-rerits and 
other mailers affecting the Stale 'rreasuries, as well 
as hv its oHieial and public utility in ways already 
detailed. 

India Meteorological Department 

'riiough provincial meteorological .services were 
established in the Punjab and Northwest I’rovinees 
OS(J5), Madras (ISli(i), Ihmgal (IHIJT), the ('eiilrnl 
Provinces (18t)8) and in Hombay (1H71), it was not 
till (1875) that the.st- wen' eonsolidated under the 
Metcorologi<'al Dejiartrnent with Mr. H. F. Hlunford 
at its head. 

Mr. lllanford’s immediate task was the adoption 
of a uniform method of observation and the collec- 
tion and diseiission of all data at a central ])lacc, 
Calcutta, where arraiigeiiienis were, also made for the 
standard i/ at ion of all instruments used by the depart- 
ment. He also immediately increased the number 
of observatories from 77 to 91. Since then the 
number t)f observatorit^s lias been more or less pro- 
gressively inen'asing, llie total nurnln'r of observa- 
tories at present being 832 deparlincntal and 62 rion^ 
departmental, ineluding those in lluriiia. 
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In 1928 tlir Hcad-Qiinrtrrs wfn* shiflcd lo a 
prrinant'iit official Jiomc in Poona which was chost'ii 
on account of its hcin^; in tiu- main path of the mtvn- 
soon ami of tlic various faiilitics for upper air 
research available there. 'I’his, together with the 
increase in scientific stall, has conlrit)ule(i much to- 
wards the ever in<*reasing ust* fulness of the meteorolo- 
gical departnienl. 

'Phe work of this department has steadily grown 
and consists at present of the following:- - 

(i) daily weather re]a)rt for the puhl ie. (/•/•) 
upper air work, (it/) warning to shij)s r(‘garding acl- 
verse weather in the Hay of Jiengal and the Arabian 
Sea, (ir) heavy rainfall warning for coastal and in 
land stations, ( 7 -) issue of forecasts and weallier 
reports lo aviators, (t'i) issue of st asoiial forecasts, 
fj.'i/) su])ervision of rainfall registration over the 
whole of India, (riit) stismologieal and magmdic* 
work, (l.r) solar i)hysies work, (.r) work on agri 
cultural meteorology, (jv) kee]7ing of correct time ami 
(d'it) research on imdeorological and other correlated 
items of work. 

After the transfer of th«‘ Head-Quarters to Poona 
the daily weather telegram for the whole of India ami 
Hurma began to In* issiu'd from i^oona itself. In 
April 1987 a separate rmleorologieal serviet* for 
Hurma was formed, and from ,luly 1987 Hurma has 
begun to issue its (»wn daily weather t<h‘graiii for 
its area. At present, the daily weather telegram for 
tiu* whole of India, excluding Ibirma, is issued from 
Poona, while four weather summaries for four 
different regions in India art* issued: two frtun Poona, 
one from (aleutta and the remaining one frmn 
Karachi. 

It was in 1912 that an up|)er air observatory 
was started at Agra under the super\ ision of Mr. 
.1. H. Field, (iraflually more and mori* pilot balloon 
observatt»ries have been started in different parts t>f 
India. 'I'hcrc arc now 82 such t)bservatt)rics in the 
whole of India (Hurma exeludetl;. 

'Phis is one (»f the countries wlmse prosperity lies 
almost entirely on agriculture. Hence it. is no 
wonder that tentative forecasts of monsoon rainfall 
were made by Wilson In 1871, by Fdiot in 1878 and 
Hlanford in 1(S82 to 1881*. In 188(i, however, the 
first fore<*asl for the ,Iuiie-Septembcr rainfall for 
the whole ol India was issued. Since then such 
forecasts called seasonal or long range forccast.s, 
have continued to be issued every year. It ap- 


pears worth remarking here that India is the fir.st 
country to introduec official sca.sonal forecasts or 
“ foreshadowings ” aid is the only country in which 
there has been an unbrok<‘n series of them for over 
fifty yt*ars. 

At present there are over 8,000 raingaiige stations 
in India, including Hurma. "Phe rainfall amounts 
measured at these stations are published in “ The 
Daily Uainfall of India ” and “ 'Phe Monthly Rain- 
fall of India." Seismic observations arc taken at six 
observatories, namely Agra, Hondiay, C’alculla, 
Hyderabad (Deccan), Kodnikanal and Rangoon. 
Magnetic observations were started at Hombay 
((\daba) in 1810, but when the eh*ctrilicalion of the 
1 ‘ity was started, the magnetit* observatory was traiis- 
ft'rred in 1904 to .Vlibag on the I'oast to the south 
of ami about 19 miles distant from Hombay. Om* 
may womicr what eonne(‘lion is there lietween mag- 
netic observations and weather. 

F.lie.t was greatly interested in the subject of solar 
physics and was instrumental in starting tin* Solar 
Phy .ies Observatory at Kodaikanal, about 7,700 fe« l 
alu)V(* mean sea level, a suitable place for sjdar 
observations because of tin* c larity of llic mornings 
and tile very ft‘W days in the year on which solar 
ob»ervations are not ])ossible. It was lu*re that .1. 
Kvershed (‘onfirmed Kinstein’s jiredietion regarding 
tin* shift of spectral lim’s in tin* sun, and more n eent- 
ly the staff there have discovered oxygen in solar 
promineiiees. Furtlu r work is be ing continued. 

In recent years a eonsiderabh* amount of \.ork 
has b(‘<*n and is being dom* on im*leorologieal and 
oilier allied subjects. It is not possible* to include 
tht'se in this short note. 'Pbese will, however, be 
fcuml in the .lubilce number of the Indian Seienee 
(’ongress to which reference may lx* made. 

'Phe Department publishes (juite a number of 
periodicals [daily (1), weekly (I), monthly (1) and 
yearly (7) | and issues other occ*asioiial publications. 
For a complete list reference may be made to tin- 
^Vnniial Summary of the Meteorological Department 
for 198()-a7. 

Indian Central Jute Committee 

Histouy: 'Pile information of a Central .luti* 
Committee on the lines of the Indian ('entral Cotton 
(.'ommillee was originally reeommendtul by the Royal 
(-ommission on Agriculture. In para (15 of their 
report tliey stressed the importance of this body for 
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the pupposf »)f' watching ovt*p tin* iiUfr<*si*4 til‘ all 
hrum*hi.-s of tlir Jute lra<lc from thf field to tiu' 
factory. 'I’hc (iovcrmiiciil of India accepted this 
recommeiidaiion in principle but could m)t j^ive effecl 
to it mainly on account i)f financial stringency. 'I'lie 
fiiiaucinl position having imjiroved, they de«-ided b» 
set II]) a (’entral Jute t'ommillee and aiinoiinced its 
constitution and functions in May 

(‘oN.sTiTi TioN : 'I'lic (’oiiimittet* was (‘oiislituted 
with the Vice ('hairinaii of the Imperial (’oimcil of 
A^'-ricultural Hesiarch as its Piavsiihuit and tiu* mem 
bers consistiiifi; of the Agricultural Kxpcrl of the 
lm))crial ('ouncil of Aoricultural Itescarch. representa- 
tives of the (jlovcrniiienl of India, three rejn'esentalives 
of the Ib'oviuiial Agricultural and Co operative 
Departmenis. eight re))rest‘nlaii\es of 'Trade inten-sts 
and eight of Agricultural iniert'sls. Anoiher 
trade representative has siiu'e been ailded to tin* 
Commiitt'c wliich lias brought tin* total number 
of members to 'Jo. 'The (loverniuenl of India 
dei'ided that llu‘ Coiniuillci* should be Hnanei'd b\ 
an annual grant not ixceeding o lakhs from the 
Central Heveiiues and that it should Im* registered as 
a Society under the Uegistratiou of Soeie(i<‘s .Vet 
XXI of ISiiO. 'They appointed .Mr. A. P. Clilf, 
I. A. S. ( MiharJ as the first Secretary to tlu* ( oiu 
mitie. 

Im nctioxs; 'TIv’ fiiuetions of the Committee are 
to uiiderlakt* .Vgrieullural, 'Technological and Keono- 
mic research, the improieinent of eroj) forecasting 
and statistics, the production, testing ami distrilm- 
tion of ini])roved seed, enquiries and recommendation 
relating to banking, transport faeilitiis and tran^ 
])ort routes and the iiiqn’ovement of mark<*ting, in 
the interests of the jute industry in India. It has 
also to advise the Ce.ntral and Lo<al (iovernmeiils 
on these matters as required. 

'The inaugural and first meeting of the C'omniitlee 
was held on the itth and lOth Pi-bruary U);i7, when 
the ))rogramme of work was deidiieil upon. I he 
second meeting of the Coinmittei' was In-Id in August 
last to consider I he actual starting of the work on 
the various seJiemes of research and eiKjuiry into 
the various aspects of the .lute ))rol)letii. 

PuoiiKAMMK OK VVoHK : The Committee has 
embarked on a very ambitious programme of researeli 
work embraeing all aspeets of the jute industry 
from eiiltivation u]) to the finished goods. Its pri- 
mary objective is to get comprehensive, detailed, and 


aeeurate information on eviry asj>eet of the jnte 
probh-m and to make this information available to 
every one i-om-erned with jute so that on it the 
various interested parlies can base both their policy 
ami their immediate ai-tion. (iniwers can be guided 
as to how iiiiu-h and what kimls of jute to sow wln-ii 
tin- reifuiremeiits of tin- mills in India and abroad 
art- aet-uralely t-slimaled sulHeiently in atbauee; while 
agrii-ultiiral and teehmdogieal rt-seareh will provitle 
the material ft»r assisting them both in tlu- grtiwing 
and lilt- ))rt‘par.-iliun of the ero)) ami in jirtulueing the 
right pro|)orlions of the different qiialilies m-t-dt-d hy 
tlu- woplil market. If the wtirhl reejuirements of jnte 
))rt>duets can b«“ worked tmt and their trend aeeiirntely 
t-stimati-d suflit-it-utly in advam-i-, the mills will at any 
rate see t-learly what (piaiitities and tpialities to 
manufaelure and what possibilities there art- in new 
devt-iopments. W'ht-n eomph te and reliable dttaihal 
intormatioii is .-ivaibibh- to the (iovt-rnim-nls i-tmt-erned, 
on iiiarkt-ling ami Iransporl. amounts and tpialitit-s 
i-etpiired for world eonsimiption, I he range of jiriees 
from the grower onwards, I host- (fovermnenls w-ill he 
able tt) see elt-arly where action is possible to iin))rt>ve 
matters in this or th.-il section of the husim-ss and eun 
then safely lake that action heeaust- it will be basetl 
on .-leeurale business fat-ls and figures and not in theo- 
ries t)r Impes. 

Hi>k.ah< li StiiKMKs: 'The en(|uiry into the 
Marketing ami 'Traiisptirt of jute has alreatly ht-gaii 
afiti (he Oflieers appointed for the ])iir|)tise have starl- 
etl eolleetiiig the re(|uii-e<l data. For its agrieultural 
research seheine. the neet-ssary laboratory will bt- 
built at Dacca ami plans ami eslimates are alreaily 
preparetl. 'The Committee will l.-dxt- uji the research 
on the lihre side of the 'l\-t-hiu>h>gy of jute and will 
er»_-el a jutt* spinning laboratory with faeilitit-.s for the 
testing t)f fibre and yarn. 'The Diret-tor t>f the Teeli- 
ludogieal I.ahoralories has joined. 'The otiu-r items 
»>f research programme of the Ctmimitlei- iiu-lude the 
stmlying of present position (d‘ se»-d su])j>ly, improve- 
ment of till- jute foreeasl and tlu- (-olleelion of 
statistics and information /is regards c‘onsiunj>tion in 
India and abroad of jute and its products of variou.s 
classes. 'The Committee have also ap))ointi-d special 
agric-iiltural ]n'o|)agam{a staff for tlu- jute- arc-as. 

Conc i.i'sion: It is ho))ed that from this work 
will emerge a sound foundation of aeeurate and im- 
jmrtial knowledge*. On this can. then safely be built, 
by the various authorities <*oneerned, the stru<*tiires 
of sounder marketing, more eeonomieal transport, 
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adjustment of output in quantity and quality l>otli of 
jute and its products to suit present and future world 
uses and requirements, that will ensure the regular and 
smooth disposal of a reasonable jute eroj) year after 
year, profitably to all concerned. 

Indian Research Fund Association 

This Association was (ronstituted in toil with a 
sum of Rs 5,00,000/' set aside ns un endow'inent for 
the prosecution and assistance of research, the pro- 
pagation of knowledge and experimental measures 
generally in connection with the causation, mode of 
spread and prt^vention of communicable disease's. It 
can claim to be amongst the pioneers in organistcfl 
medical research on a largt' scale and has been refer- 
red to by other countries in very coinpliineiilary 
language. Still better, it has been copied by several 
other nations. 

'J'hc control and management of the Assoi'iation 
are vested in a (joverning Kody, the President of 
wliii'h is the Member in charge of the Department of 
Kducation, Health and Lands of the (ioverninent 
of India. 'Phe (loverning Hody is assisted by a 
Scientific Advisory Hoard of which not Jess than 
three members have scats on the (ioverning Hody. 
’rile Hoard examines all proposals for work in con- 
nection with the scientific olijects of the Assiwiatitm 
and reports as to their importaiu'c and feasibility. 
'Phe members of this Hoard are aj)))ointed for one 
year, but arc <‘ligible for re-election, and they have 
power to add to their number. 'Phe l)ircclor-(fcneral, 
Indian Medical Service, is the Chairman of the Hoard 
and the Public Health Commissioner witli the (iovern- 
ment of India is the Honorary Secretary. 'Phe mem- 
bership of the I. R. F. A. is o))ftn to nonofficials 
Every donor of Rs 5,000/- is entitled to become a 
permanent member, while every subscriber c»f Rs 100/- 
per annum can be a temporary member. 

'riie original (ioverning Hody of the Association 
was until 1929 composed exclusively *of officials, but 
in that year the Raja of Parlakimcdi, having made 
the munificient donation of Rs 1,00,000/- to the Asso- 
ciation, was appointed a life member. In the same 
year the Government of India also took into consiilera- 
tion the question of liberalising the constitution of 
the Governing Body and finally decided to enlarge that 
Body by including three representatives of the Indian 
Legislature, two representatives of Medical Faculties 
of Universities incorporated by law in India and one 


eminent mm-medieal scientist to be nominated by the 
Governor-General. As a result of further re- 
presentations from the Universities and the Legis- 
latures, the Governing Hody of the Association was 
again enlarged in IPJjJj by the addition of one further 
representative of the Medical Faculties of Indian 
Universities, making 8 in all, whilst it was decided 
that the non-mcdicul scientists should in future be 
elected by the Indian Science Congress Association. 

In order to ensure the closest co-operation 1 m;- 
tween workers and to prevent overlapping of effort, 
an annual conference of all India medical research 
workers is convened under the auspices of the Asso- 
ciation. At this conferenee, free di.sciissioiis are hehl 
on the work accomplished and on proposals for 
future work. 'I’hc results of these discussions arc 
avaiJahh; to guide the inenibcrs of the Seienlifie 
Advistiry Hoard in making their recommendations for 
the programme of the following year. 'Phe Confer- 
<‘iiee and llie .\dvisi»ry Hoard generally meet in 
Novemher/Deeeinher and examine all I he proposals 
for reseai‘(‘li work and reeomiiicnd a scluune of 
research for the guidance t)f the f loverning Ihaly of 
the As.socialion. 

'Phe results of the Association's researches are 
pnblislu'd from time to time in the Indian .loiirna) of 
Mi'dii-al Researc'h and its Memoirs and the Records 
of the Malaria Survey of India, ail of which are 
issued under the authority of tlu; Asstu'ialion. 'Phese 
piihiiealions havt* now a Hrinly (‘stablished position 
in the scientific world, and are obtainable from 
Messrs. 'PliackiT Spink & C'o., ,‘l Ksplanade Fast, 
Caleiitla, on payment. In addition, noii-teclinical 
articles, based on the results of research, are issued 
])eriodieally for the beiu'fiL of the general public. 

,Sinee its inet'plion a great number of enquiries 
have been carried out under the auspices of the 
A.s.soeiation and great expansion of its activities lias 
taken place from small beginnings. 'Phe main sub- 
jects under investigation are; — 

Cholera, Bacteriophage, Malaria, Nutrition, Lep- 
rosy, Plague, Vaccine, Tuberculosis, Indigenous Drugs, 
Maternal Mortality, Helminthology, Medical Myco- 
logy, Draeontiasis and Filariasis Protozoal Parasitica, 
Cancer, Kpidemie Dropsy, Kala-azar, and Blood 
culture. 

Besides financing investigations which are being 
conducted by workers in its direct employment, the 
Association gives grants-in-aid to outside institutions 
and also to outside workers. Its expenditure upon 
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various medical research problems lias f«)r the last 
few years approximated to about seven to eijrhl lakhs 
of rupees per annum. Tlie Assoeiation supports the 
Malaria Survey of India, whieh now enjoys inter 
national reeo^iition. As part of the activities of this 
organixatioM and in eoinmeinoration of Sir Ronald 
Hoss, intimate association with India, an experi- 
mental malaria station was opened in Karnal in .lanu 
ary H)27 and is known as the Ross Field Kxp« ri- 
inerital Station for Malaria. 

in the early years of I he Assoeiation an annual 
(io\Trnm<-nt fi^rant of Rs 5 ,00 ,000/- enabhal it to 
tinniiee en(|uiries and to aeeiimulate a ea])ital. It was 
this capital and the ineoirie derive<l from it wliieli 
has helped and is helping the Asso<*ia(iou over the 
lean years after the year 10.*M-.S2 wh<*ii the (loverii 
ineiit grant for ini'dieal research was diseoiitiiiiied. 

ITie History And Work of the Survey of India 

'I'he first autiioritative inaj) of India was published 
by D’Anville in I7o2, when tin* exploration of the 
then unknown India was still largely in French hands. 
It had been (‘ompiled from routes of solitary travellers 
and rough ehart.s of the coast, 'riu* Survey of India 
may be said to have been fouinh'd in 1707- when 
Lord Clive formerly appointed Major .lames R<*nneJl. 
the first Surveyor (leneral of Bengal. Renneirs 
maps were originally military reeonnaissanees and 
latterly chained surveys based on astnmomieally 
fixed points, and do not preterul to the aeeiiraey of 
modern maps of India based on the rigid system of 
triangulation eoinmeiieed at Madras in 1802 and 
since extemled over ami beyond India. From these 
beginnings, this department has gradually become 
primarily responsible for all to})ographieal surveys, 
explorations and the maintenance of geographical 
maps of the greater part of Southern Asia, and also 
for geodetic work. 

A geodetic framework is essential in any large 
survey, but there arc a number of other aelivitie.s, all 
of these ultimately utilitarian, which can be suitably 
combined with it and the following are some of 
tho.se whieh have been earriexi out in India. Precise 
levelling for the determination of heights are; 

'Fidal predictions and publication of 'I'ide 'Fables 
for forty-one ports between Suez and Singapore; 

'File Magnetic survey ; 

.Observation of the direction and force of 
gravity; . 


.V.stronomieal observations to determine latitiuh'.^ 
longitude and time; 

Seistnographie and meteorological observations 
at Dehra Dun. 

Indian geodesy has disclosed wide-spread aiui- 
malies of the gravitational attract ion in the earth’s 
«‘rust. wliieb have re**ently led to a reconsideration 
of the winde theory of isostasy. Systi*inatie gravity 
investigations, whieh may be sai<l lo have been ini- 
tialed in India, are now being carried out intensively 
iii*all civilized countries. 

T(»pof/raphical SHrvr/fx- In the past this (h'part 
meiit used lo carry out the large scale revenue 
surveys for most of India, and was still eondueling 
this work for Central and F.astern India and Burma 
in IbOS. An antboritative Survey Committee 
appointed l)y llie (TOVCTumenf of India eoMNi<lere<l llie 
p<»sition in It was feared tliat a separation 

of tile topographical and revenue surveys might re.siill 
ill a wasteful duplication of work amt two overlapping 
but mutually disere}>ant systems of mapping. These 
objections were met by a ruling that the basis of 
liotli systems of survey should be ideiitii^al and 

provided either by the Survey of India or under its 
supervision. 

Subjeel lo Ibis prineiph' the remaining revenue 
surveys were banded over to the provinces, and tin; 
Survey of India was enabled to eoneetrate its 
energies on a eoin)dt‘te new series of modern topo- 
graphical maps ill several colours on the 1-ineli 
lo I -mile .scale. 

Tliis new series had l>ee.n remlered necessary by 
tile natural demand for more detailed information lo 
be shown on maps, espceially as regards tin; portrayal 
of hill features tiy contours, proper classification of 
eommimieatioris ami — more recently — air traffic re- 
quirements. 

It was intended that this 1!K)6 survey should Ik* 
completed in tw’eiityfive. years, and then re.viscd 
periodically every 80 year.s. Owing however lo the 
war and more n*eent relrenehments, only about three 
fourth of the programme had been completed by 1RH7, 
ui spite of the reduction of scale for the less impor- 
tant areas. 

Although mrw surveys are carried out every year, 
covering from tliirly to sixty thousands square miles 
-an area roughly that of England — tlie maps of a 
large pari of the country are still over 60 years old, 
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|)riiit(‘(l mostly in black only, ami liavc bill features 
shown by roii/jjhly sketehed from lines or haeluires; 
sueh (‘han^res in t<»wn sites, eanals and (‘oinipiinieaf ions 
as have been embodied in them have m»t been surveyed 
on tile fj;roniid. but art' entered from data ^atlu^nal 
from outside semrees. 

Ow'in^ to the serious iinaneial situation in 
tin* establishment of the liepartment was severely eul 
down and its annual expenditure halved, in e«)nse- 
(pienee of whieh the modern survey of India eannot 
now be eompleled before IftaO, 

Lunjv Scnle •Van'e/yA'. - Surveys and records of 
jnternational. state and proviiu'ial boundaries iia\e 
always formed an important item of to|)o^raphieal 
work, and in re<*eut y<*ars numerous (iuide Maps 
hav<‘ b(*en publisln-d of important eitit's and military 
stations where tlie 1-ineh to 1 mile s(‘ah‘ is inadirpiaU*. 

Miscrllatirtnts. While expending;* ofi topos^raphi- 
eal and geodetic work all funds allotted hy imperial 
revenues, the (h partmenl is prepared to imderlake or 
aid loeal suincys, on paynnnt hy those eoiu*erned, 
sueh as 

rf)resl ami eantoiiment surveys; 

J{iv«*rain. irrigation, railway ami eily surv(‘ys; 

Surxeys of tea gardens ami mining areas, with 
sueh <*oiitrol h‘velling as is ueec'ssary for t!n‘st* 
optrations, 

.Vdmiiiistrative nssislanei* is also given, and exeeii 
tive offieers lent, in aid of the revenue surxa*y of 
various provim*«*s and stal«*s. 

'rile Mathematieal Instruim*nt Ofliee of this 
dej)urtii[ient assists all (iovt'rnmerit departments, as 
well as non oftieials, by maintaining u]i to-date instru- 
mental and o]>tieal e()uipinent and by nianufaeturing 
and repairing instruments whieh would otherwise have* 
to bo replaeeil from abroad. 

Millitarif lieqHiremvuts and .Hr Snrvf if. - 'I’he 
Department is also re.s))oiisible for all survey oper- 
ations recpiired by the army, and is in a jxisition to 
meet tlie rapidly inereasing eomplexify of modern 
military requirements, especially in air survey. 

In view of its high military importance, air siir\4*y 
work for civil purposes is receiving all possible assis- 
tance, and eontinuoiis researeh is being carried on io 
the latest methods of mapping from photographs 
taken from the gronrul and in the air. 

'rile flying and phologra])hy for air mapping lione 
by this department are at j)rescnt carried out by the 


Koval Air V<iree tir the Indian Air Survey Company, 
a eomimreial firm with luadquarters at Dum-Dum. 

Adminhiralion is in the hands of the Surveyor 
(Jeueral umler the Kdueatioii, Ib-alth ami bauds De- 
pariiiieiit of tin* (iovenum*iit of India. 

'I'lie H(‘ad(|uarters Office is at Calcutta under tlie 
Assistant Surveyor fierieral, and tlu're are four 
Directors, one for the .Map Ihiblieation ami oilier 
leehnieal otHies at ('aleiitta, and three for three of 
the iixe Survey of India Circles into whieh the, eouiilry 
is divided; the other two (’irele anas (covering 
Hiirma ami South India) are administered personally 
hy Hie Surveyor (hiieral, wlm, since the siparatioii 
of Kurma from India on I si April eoiiliiiues to 

e.xt*reise administrative and leehnieal eonlrol oxer the 
Siit\t*y of Imlia party xvorkitig there, pending the 
idliiiiati* d(‘V(‘lopiuetit hy Miirma itself of a t(»pogra 
phii'al a!id ticodetii* Survey Department. 

Of the ihrei* (’irele Diri'elors, one alsti admi'iislt rs 
the (leodetii* Hramh at Dehra Dun in addiliim to his 
topographical surxiy Circle. 

Zoologic.cil Survey of India 

roi NOATio.N : .Vs a result of tlie represenlalions made 
hy th<- 'I’rnstees of the Imlian Mnst iirn, the /oologieal 
and Anthropological Section of the Imlian .Meseiim 
xvas eoiix cried into a (lovernment Department - 'I'lie 
Zooh»gieal Survey of India - tui ,luly 1st, l})l(i. The 
following extract from a resolulitm of the (hnern 
inent explains the seienlifie funelitjus of the newly 
created de|)artmi*nt : - 

“ It xvill he the duty of tlie /oologit'al Survey 
to ax'l as guardians of the standard zoological 
eolleelion of the Indian Kmpire and as sueh to giv( 
every assist am*e in their ))ower both to officials 
and to others, in tlie idt'iilifleation of zoological 
speeiineiis sul)initted to them, arranging, if re- 
quested to do so, to send eolleelions to specialists 
ahnmd for idenlifleatioii in eases in whieh no 
sp«*eialists are available in India. 'I'ln* Survey will 
also obtain the fullest possible information ahoul 
the systematic ami g 4 *ographieal zoology of the 
Indian Kmpire and xvill pla4*e this information at 
the disposal of impiirers. It will not, however, 
' interfere in any way xvitli private enterprise in 
zoohigieal matters or with the seieiitifie work of 
other Imperial or Krovineial (iovernment depart 
inents." 
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Several eonsequential and administrative ehang«*s 
were made at the time of tlie inauguration of the 
Survey and it started its eareer with a eompleinenl of 
4 offieers, one Direelor, one Superintendent and two 
Assistant Superintendents. 

HisTOHY:--In order to traee the history of this 
apparently young department one has to go hack 
over a hundre d years whe n under the auspices of the 
Asiatie Soeiedy of llengal Mraiii Hodgson started 
faunistie investigations in the territories neighhour- 
ing \epal. Arcd’lc-IIand also earric-d out zoologicsnl 
studies. j)articularly on fish, hut it was not till (he 
appointment of Mdward Mlytli in ISM as (lie Curalor 
of the Asiatic* Soc iety’s Mnsc'um (hat a large sc-alc- 
work on the fauna was hc'gun. Hlyth interested him 
self mainly in the vertebrate* fauna of India and as 
r(*sult of his work the* Soeiety hc*gaii to rc*c*c*lve zoologi- 
c*al c'olleetioiis from all over the eoimtry. 

Hy IS.'St), the* Society 's eolleetions had hc‘c*c»mc* too 
large to he He(*ommod;*t<Ml in its own huilding and eon- 
se(|Uc‘ntly the rir(>vc*nnuc'nt was approached tc» c*slahlish 
an rmpc*rial Museum at (’nleiitla for which the 
Soeic'ty’s c*ollc.*etio?is c-onld from a nueleus. 'I'hc* 
(hn’ernment agreed (o the* proposal six years later, hut 
it was not till 1875 (hat the* Museum huilding in 
(’how’ringhee was completed and the* Asiatie Soeied/’rt 
eolleetions transfe rred to their n<*w home*. 

Hetwee*!! 1S75 and IMld and under the directions 
of (he Superinlc-ndeiits of the Indian Arusc*um, notably 
Dr, ,J. Anderson. Mr. .1. Woodmason, Lt.-C’ol. A. \V. 
Aleoc’k and finally Dr. N. Annandale. a magnifieent 
eollcH'tion of animals, in most of the larger groups, was 
got together in the* /oologi(*al Sec*tions of the Indian 
.Museum and a numhe r of desc*ri])tive catalogues main- 
ly on the marine eolleetions obtained by the SurgcMMi 
Naturalists working on hoard the Surv<*y Steamer 
“ Iuvc;stigator ’’ were pre])arc*d and puhlishc'd. In 
l!)07, the 'rrustc*es agreed to start two puhlic-alions 
unclc*r the title's " Heeords of the Indian .Mnseum ’’ and 
" Memoirs of the Indian .Mnseum ” for the publication 
under the results of the zoological investigations of its 
officers and on its eollrcdion.s by outsiders. After the 
inauguration of the /ooiogieal Survey of India the.se 
piibiieatiotis, in order , to avoid great bibliographieal 
ineonvenienee iiivoIvc*cl in any eharige of name, were 
allowed to c-cmtiniic* tf» appe-ar under their original 
titlc.s. 

The staff of the Zoologieal Survey of India at 
present consists of one Director and 5 Assistant 
Superinteiidents, one of whom Is an Anthropologist. 


One more post of an .Assistant Superintendeiitship has 
lieen snnc*tioned and is likely to he filled up in the 
future, 'rimugh the numher (»f offic*ers is now more 
than in inui. the inerc*nsc‘ in work has hc*en entirely 
out of jiroportion to the incre ase* in staff. 'I’he recog- 
nition of the importaiiee c»f /oology in the ehieidation 
of eeoiiomie prohleins lias hroughl in lot' of work to 
the* /oolctgieal .Siirvc v of India during rc*c*c*nt yc*arjS. 

Owing lo finaiieial slringeiiey prevailing in the 
c*ounlry in iD.'il, the /ooiogieal Survey of India 
siillVrccl Ve ry heavily, as the financial a|)propriatioii 
for the* Di*partmi‘tit was reclii(*c*il lo almost 50 V. 
(’onsecpic-iitly many of its useful activities had to Ik* 
c ither altogether stoppccl or eonsidc*ral)ly curtailed. 
The re has since* bee n a ( C'rlain amoiinl of rt*vival in the 
work of the* departmc'iit. hut it will lake years before 
the clc'parlmenl c*omc*s hac'k to its old lc*vc*l. All the 
funds for the working of the Department are Supplied 
by the Oovernmc'nt of India, and in this revspect the 
/ooiogieal Surve y of India is on an c'qnal footing 
with other sc ientitie dt'partmenis of the* (iovernm<*nt 
of India. snc*h as the* Ctc*ologic*al Snrvc*y of India, the 
Hotani(*al Survey of Tiiciia. etc*. 

.\s inclic*atc*d above llu* main i>nblic*ations of the 
Dc'parlment are the “ llc*c*orils ” and the " Memoirs” 
hut in rc*c‘ent ye ars a new' sc*riaj c'nllth'd ” .Vnlhro- 
pologieal linllc tins ” has l)c c*n started for the* publi- 
cation of matters relating to (he .\nthro)>ology of 
India. 

I 

.\im>ng tin* general ae*tivitic*s eef the Dc'partinenl 
it may he noteil that in re*e*ent years the Zoological 
Snrve*y of India has been and is being more and more 
consul te*d and asked for advie-e* regarding sue*h widely 
divergent snl)je‘i*ts as (]) the organization of seja- 
fi.shc'ries by the (iovermnenl of Madras and the Horn- 
hay National History Soe*iety. (2) brackish W'at;cr 
fisJieries by the (iove*rnnient of Hihar and Orissa, (Jl) 
freshwater fislieric's by the* (Jove*rnme*iit of the United 
Provinces and Hnrina, ( 1) the* pre'tec'tion of Lizards 
by the ffovernineiil of Hengai, (H) the Oyster fisher- 
ie*.s in I he- Snndarbans by the* (lovenimeiil of Hengai, 
(ti) the distrihiilioii of eertain mammals, partie*u1ar)y 
tho.se useful in me'dieal rese.*areh work, by the Caleutta 
Se-hool of 'Tropical Medieine, (7) the biology of the 
filler beds of the (’aleiitla (’orporalion Waterwe»rks 
at Piilta, c'te., ele. V^asl e*etlle‘etions are also rec'civeel 
from in.slitutions and individuals from all )mrlK eif the 
i-oiinlry for identification. 

One of the main fimctions of the Zoological Survey 
of India is to look after and maintain in proper -oth^r 
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the collections in the Zoological Galleries of the 
Indian Museum. These public galleries at the 
present consist of a very extensive and up-to-date 
Invertebrate gallery, excluding the Insects and 
Arachnids, the latter being exhibited in a separate 
ante-room generally known as the Insect gallery; a 
small Fish gallery; Amphibian, Reptilian and Bird 
gallery; Large Mammal gallery; and the Small 
Mammal gallery. In these galleries the reprcscmla- 
tive forms of all types of animals found w'ithin Indian 
limits are exhibited. 

'fhe Survey also looks after the very extensive 
Reserve Study Collections which form the basis of 
original work on Indian Zoology. The Reserve 
Collections are available for study to all hmafide 
students of Xattiral History and Anthropology. 

Attention may also be directed to the very exten- 
sive library of the Zoological Survey of India, which 
contains books on all branches of Zoology and Anthro- 
pology and is undoubtedly the best library of its 
type in the whole of Asia. It is also open to all 
hmafide students and in recent years, to encourage 
zoological research in the mofussil, the Survey has 
started to lend bo<tks to recognized institutions. 

The Archaeological Survey of India 

'Fhe Archaeological Survey was established in 
1870 with the two main objects of conservation and 
research and exploration. Three years later local 
surveys w'ere initiated in Bombay and Madras. The 
work of these surveys, however, was restricted to 
antiquarian research, and description of monuments, 
and the ta.sk of conserving old buildings was left to 
the fitful efforts of Local Governments, often without 
expert guidance and control. It was in 1878 that 
the Government of India under Lord Lytton awoke 
to this deplorable condition and sanctioned a sum of 
#lf ]akh.s to the repair of monuments in the United 
Provinces, and soon after appointed a conservator 
W'ho did useful work for three years. 'Fhen reaction 
set in, and this post and that of the l)ireetor-(b*nera] 
were abolished. The first systematie step towards 
recognizing official responsibility in conservation 
matters was taken by Lord Curzon’s Government, who 
est-ablishcd the seven archaeological circles that now' 
obtain, placed them on a permanent footing, and 
united them together under the control of a Director- 
General, provision being also made for subsidizing 
Local Governments out of imperial funds, when neces- 
sary. The Ancient Monuments Preservation Act was 


passed for the protection of historic monuments and 
relics, specially in private possession, and also for 
State control over the excavation of ant'icnt sites and 
traffic in antiquities. Under the direction of Sir John 
Marshall, Director -(rcFicral of Archaeology (1902-81 ), 
a comprehensive and systematic campaign of repair 
and excavation was prosecuted and the result of it is 
manifest in the present altered conditions of many old 
and historic buildings and in the .scientific excavation 
of buried sites such as Taxila, Pataliputra, Sanchi, 
and in the Indus Valley at Haruppa in the Punjab 
and Mohenjo-daro in Sind. Measures have Ix^cn taken 
to ensure the eontiniiunee of the researches in con- 
nexion with Mohenjo-daro and Harappa. 'Fhe present 
Director-General is Rai Bahadur K. N. Dik.shit, who 
succeeded Rai Bahadur D. R. Saliaiii in April 1987. 


Learned Societies 

Royal Asiatic Society of Bengal 

'Fhc Asiatic StK'iety of Bengal, as it was then 
called, was foundetl in 178 1 by Sir William Jones. Its 
scope was defined in Sir William Jones’ (w'ho was also 
its first President) address in the following words: 
“ The bounds of its investigations will be geographical 
limits of Asia and within thc.se limits its enquiries 
will be extended to whatever i.s performed by man 
or prodnecd by nature.” One of the Soeiety’s firsi 
activities w’as the j)iil)lieation of the Asialick Kesvnrcht's, 
of which twenty volume.s came out between 1788 arul 
188(), when it ceased to appear due to financial diffi- 
culties. In 1905, the Journal and Proevedintjs of ihr 
Jxiuiic Societtf of lienffal, w'as first published, and 
of lids 21 volumes have been issued. Another serial, 
of quarto size, was started at the same time, eallecl 
the Memoirs of the . I static Societif of lientjaU nieaiil 
for the publication of larger articles or those roqiiir 
ing more elaborate illustrations. 

One of the most important of Society’s activities 
is the publication of the lUbliotheca Indica, a .series 
of texts in Sanskrit, Persian, Arabic, and other 
languages, frequently also with translations. 

The Society maintains a large library of seientifie 
and philologieal ]>ul)lieations, and the MSS. Section 
of it is particularly important in view of its rich and 
varied collections. It contains about 5,000 volumes 
of MSS. in Person, Arabic, Turkish, etc., 1,600 of 
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those in Sanskrit^ a number of Burmese eolleetions, 
ete. 

The Coiineil of the Society meets once a uionlli 
regularly throughout the year and it holds its annual 
meeting in February. A Medical Section of the Sm*icty 
was started in IDOd, in which papers on medical 
siibje(?ts are read and discussed in its monthly meet- 
ings. 'rhese papers are usually published in the 
Indian Medical Gazette, and only short abstracts of 
these are printed in the Proceedmtfs of the Society. 
It must be added here to the credit of the A.siatic 
Society that the formation of the Indian Science 
Congress was in no small measure due to its eiforts, 
and even to this day, it is closely associated with the 
Congress, and is responsible for the management of 
its work and the publication of its Proceedings. 

'rii Royal Charter was granted to tfie Socitdy in 
and it is now called the Royal Asiatic Society 
of Kengal. 

National Insittute of Sciences of India 

The National Institute of Sciences of India was 
founded on the 7th January at a meeting hehl 

in the Senate House of the (Calcutta University umhr 
the chairmanshi]) of Dr J. H. Hutton, President, 
Ttidian Science Congress, in accordance with a scheme 
devised by the Acadeiny (’ommitlce appointed at a 
meeting of the (iciicral ('ommi’lee of the Indian 
Science (Congress Association held at BonVilmy on tin* 
;ird January 

'Pile purj)osc,s for which (he National Institute 
was founded wen*: — 

(a) 'Phe promotion of natural knowledge in India 
including its practical application to problems ot 
national welfare. 

(h) 'Po cft'ci’t coordinatiim between sciciilihc 
academies, societies, institutions and (iovernmenl 
scientific departments and services. 

(c) To act as a body of scientists i»f eminence 
for the promotion and safeguarding of the interests 
of .scientists in India: and to represent internationally 
the scientific work of Intlia. 

(rf) 'Po act through t>ro])erly constituted Nalumal 
C’ommittccs in which other learned academies and 
societies will Ihj assiwiated, as the National Research 
Cknincil of India, for undertaking such scientific 
work of national and international importance as the 


Council may la; .called u})oii to perform by tive puHie 
and by Govcjmment. 

(e) 'I’o publish such pnKreedings, jouniala, 
memoirs and transactions, and other publications as 
may be found desirable. 

(f) 'Po promote and maintain a liaison jbetwcon 
Seieiiee and l#etters. 

(ff) 'Po secure and manage funds and endowments 
for the ])rom(»tion of Science. 

(/i) To do and perform all other acts, matters, 
and things that may assist in, conduce to, or be 
neeessary for the fulfilment of the ahove-nientioned 
aims and objects of the Institute. 

.Membership eonsists «)f Ordinary Fellows and 
Honorary Fellows. 'Phe Institute started with 124 
Foundation Fel lows on its rolls, elected according to 
the .seliemc |)repared by the Academy Committee. 
All election is held every year for the enrolment of 
new Fellows, by ballot. 2(> Ordinary Fellows «nd 
7 Honorary Fellows w’crc elected in the first year, 
and since then ten Ordinary Fellows ami four Honor- 
ary Fellows arc elected annually. The total number of 
Ordinary Fellows at the end of the year IPii? is 151 
and the iiiiiiiIh*!* of Honorary FtJlows is l.'i. 

'Phe administration and management of the affairs 
of the Institute is entrusted to a Connell composed of 
the ortieers of the Institute —iiaimJy a President, two 
Vice-Presidents, a 'Preasurer, two Secretarie.s, a 
Foreign Secretary and other .Members of ("oimeil to 
make up a total of 25. In addition, the Royal Asiatic 
Society of Bengal, the National Academy of Sciences, 
India, Allahabad, and the Indian Academy of 
Sciences, as co-operating .\cadcmics, and the Indian 
Science Congress Association each nominate an Addi- 
tional Viec-Presitleiit and one Additional Member of 
Coiineil from the Fellows of the Institute. 'Phe Gov- 
eriimenl of India will also in future nominate a re- 
jireseiitative on the (ouneil from among tlic Fellows 
of the Institute. 

'Pile Institute issuscs tiu' following publications, 
'I'he Procee.dimfH, of wliicli one volume in published each 
year, eonlaiits (1) Symposia, (2) the shorter papers on 
various scientific; subjects read before the meetings 
of the Institute, (ii) the President's Address, (4) 
Mimite.«c of the* Annual General Meetings and Ordi- 
nary General Meetings, (5) Annual Report, and(6) 
other business matters. 'Phree volumes of the " Pro- 
c;ecH]iiigs ” have been published. 'Phe " Transactions ” 
wliicli are published in 4to sme, contain longer -papers 
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of tt monograpliir nat\irt^ on various svivntifrr suhjvcls. 
Eleven parts of the first volimie of the “ 'rransaetions ’* 
lia.ve been issued up-to-date. 

The Institute also publishes Indian Science 
Abutractft, whieh eonsists <if an Annoted Biblio- 
graphy of Seieiiee in India, 'rwo numbers of this 
pikblieation ineluding abstracts of papers published 
in imv(‘ been issued uj) to now. 

Erof. M. X. Saha, E..B..S., is at present its Presi- 
dent, and Prof. S. F. Agharkar and Dr A. .M. Heron 
its Secretaries. 

The oftiee of the National Institute of Sciences of 
India is at ])resent hu'ated on the ground floor of tin* 
premises of the Royal Asiatic* Society of Bengal, 1. 
Park Street, Caleulla. 

The Indian Academy of Sciences, Bangalore 

'Fhe Indian Academy of Seieiu'c's, Bangalore was 
founded in IP.'i !< with Sir ('. V. Raman a.s the Presi- 
dent and Prof. Narayan Rao and Rao Bahadur Prof. 
B. Venkatesaehar as Secretaries. 

The seientifie activities of the Academy eoin- 
prehond ( 1 ) in(*etings for the dis<*iission of papers 
submitted for publication, (2) syiM])osia <ui special 
subjects, and publication (»!' the pntcrrdiHf/x, wliic-h 
come out monthly in two parts, (A) ))hysieal and 
Mathematical Serie.s, ami ( B) Biological Series. 

Its headcpiarlers an* at Bangalore. 

Sir C. V. Raman continues to be the President of 
the Academy, and Prof. R. Narayan Rao a»id I*rof. 
B. Venkatesa<*har the Secretaries, 

The National Academy of Sciences, India 

The National Academy of Seienet*s, India, was 
first started under the name of the Academy of 
Seietiees of the United Provinces of Agra and Oudh 
with its head cpiarters at Allahabad in .January 1931 
with Prof. M. N. Saha as its first President and Prof. 
A. C. Banerji of the Allahabad University and Prof. 
P. S. MacMahon of the Lueknow University as 
(jcncral Secretaries. Its aims among other things 
were the cultivation and promotion of science in ail 
its branches, to piiblisli a bulletin containing re.seareli 
Work done on scientific subjects, to organize a 
science library and to bold meetings an(i discussions 
on Seientifie problems. 

« jlu viev^ of Uic all India character of the Academy 


it was renamed in 1930- -the National Academy of 
Seienees. India. 

The administration, direction and management of 
the affairs of the Academy are entrusted to a (Council 
eon.si.stiiig of the President, two Vice-Presidents, a 
Treasurer, two General Secretaries, a Foreign Secre- 
tary, and nine other members of the Council, 'Phe 
presidentship is confined to Fellows only, the V^iee- 
Presidentship to Fellows and Benefactors, while 
other places in the (\iun(‘il may In* held by any mem- 
lH*r duly elected to that ho<ly. 

'Phe .Academy is composed of I*Htro!i, Benefactors, 
Honorary Fellows, Fellows and Ordinary Members. 
'Phe number of Honorary Fellows is limited by consti- 
tution to 30 only and that of Fellows to IHO, tiu* 
former are to l)e sele<*ted from among most eminent 
scientists or persims who have rendered st*rviet* to the 
cause of seienee and the latter from among persons 
who hav(‘ attained distinction in sei(*ntifi(* work and 
who are also menihers of the Aea(h*my. 'Phe iiumher 
of members on the rolls of the* Academy was 217 in 
1937 and the ninnher of Fellows was 100. 

'PI’.e Academy before* its metamorphosis into tin* 
Nal'o.ial .Vc*a(h*my of Seienei*s, India, used to ))u!>lish 
Bidletins of the* .\<‘Mdemy of S<*it*ners, V. P. In 1931- 
th<* Bulh'tins wen* <*otiverl(*d into I he Proe(*f*dings. 
From 1930 tin* Proi*e(‘dings have h(*e!i r(*nam(*d as the 
Proceedings of tin* National Academy of Seienees, 
fiidia, ill aeeordam*e with the in w status assumed by 
the At'ademy. 'Phe Proceedings are ordinarily issued 
four linn‘s a year, contain the papers eoinmunieated 
to the Academy and an* editeil by an Editorial Board 
consisting of sp(*eialists in diUVrent branches of 
s(*ienee. 

'Pin* Academy holds monthly meetings in whieh 
original papers are read and diseussecl. it holds an 
annual meeting ordinarily once, a year in whieh the 
chief busine.s.s is to elec*t office-bearers and Members 
of the Council and in whieh the General Seerelarii^s 
present their repcirt for the year on the working of 
the Academy. 

The Academy is maintaining a .science library con- 
si.sting mainly of seientifie periodicals whieh it gels 
free in exchange for its publication. Tlie number oi 
.such journals is more than IfiO. Some journals arc 
also subscribed. 'Phe library is open to the meinlH*rs 
of the Academy but non-members are also permitted 
to use it to their advantage for the Academy staiuls 
for the diffusion of culture and dissemination oi 
knowledge. 
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Dr H. Sahni, F.R.S., is llic Prosiilonl of tin* 
Acadoiny for llKt7, and Dr S. M. Saiu* and Dr M. L. 
sSrivaslava nrv llu* ficiu*ral StTi'flaries. 

Indian Science News Association, 

'rin* Indian Scifiny* News Association was starlet! 
in 19a5, with the following main ohjeels in view: 
(i) to })o}>ulari/e and disseminate the knowledgt* and 
progress of natural and eiillural seienet's; and (o) lo 
publish jmirnals anti hooks and organi/t* lectures both 
in English and Wrnaeular in furtherance of the 
ti\e ohjeets set forth in (i). 

'Fhe Assoeialion is houst tl in the I'niversity ('ollege 
of Science, })2, I'pper ('ireular Hoad, (‘aleiitta, 
through the kindness of the authorities of the Univer- 
sity of (‘aleutla. Up till now its activities have been 
primarily eoneentrated in eondueting a monthly jourfial 
td' seieiiee, namt'd. Srirticf and Vulture, which deaU 
with all hraneht's of natural and cultural seii'iut's 
and. through its columns, attt inpts to fulfil the ohjeets 
of the Assoeialion as set forth in (i). 'I'lu* journal 
is run on a non profit basis and the costs are defrayed 
by the funds of the Assoeialiou raised through private 
donations, the life m<iiihershi}) ft‘i*s and sid»seriplions. 

Sir H. U. day is the PresithMit of the Assoeialion 
and Sir U. X. llralmuK'liari, Mr. S, I*. .Mookerjee. 
Dr. Haini Prasad and Dr. S. I.aw are the Viee- 
Presidonts. J^*of. M. N. Saha and l*rof. S. K, Mitra 
are the Honorary Seen*taries who are also r.V'Offu'ia 
<‘ditors of Scu'urf and Vulture, ’riie editorial Boarri 
consists of Prof. .1. C. (ihosh and Prof. B. (\ (lidia 
in addition lo the tw») seeertaries, ami fum-fions in 
collaboration with the Executive C'ouiu'il of the 
As.soriMlioii. 

'flu* editorial ofliee t)f Science and Vulture is at 
92, tipper Circular Hoad, (’aleutta. 'Pile ,lournal is 
of a semi-popular nature and is intended for the edu- 
cated layman as well as the student and teacher of 
science. It enjoys considerable circulation through- 
out the length ami breailth of the eoiiiil y and ai-o a 
fair amount of foreign eireulation. It receives .some 
58 journals ('il* Indian^ Foreign), both Indian and 
foreign in exchange and the.se arc kept in its ofti«*;* 
for eonsiiltation and perusal by the ineinbcrs of tin* 
A.ssoeiafion and the subscribers. 'Phe journal is now 
in its third year and has thus far ])ublished .‘12 issue.s. 

Indian Physical Society 

The inaugural meeting of Ih society was held on 
tliQ 29th . September^ in the hall of Uie Indian 


Assoeiatioii for the ( ultivalion of Seienee, Calcutta. 
At its first animal met'ting held in .laiiuarv, it 

was <leeided to fix Caleulla as the head (juarters of 
the S<uiety ft>r a period of three years. 'Phe ad*- 
minist ration and maiiagemenl of the aifairs of the 
vSoeiety is entrusted lo a (’ouiieil eoinjuised of the 
President, four V^iee Presidents, a 'I’reasurer, a Secre- 
tary and twelve otlier members rcjiresentiiig ditrereul 
active centres of physical research and stiulic's in 
India. 'Phe total luunher of fellows is nearly 120 
and this itududes emiiieut physicists from all ))HrLs 
of 1ml in. 

'Pile Society holds ri'gular quarterly meetings 
where pajiers eoiitrihnted by fellows are read and di.s- 
eiissed. It is eollahoraliug with the Indian A.ssoeia- 
tion for the Cultivation of Seienee in publishing the 
Indian Journal of Phif.^ics and arraugi‘s speedy 
jiuhlieation of jiapers eommunieated to the Society in 
that journal. 'Phe Society al.so arranges public 
lectures to he delivered hv specialists on recent 
developments of the various aspect of physics and also 
organizes symposiums on rteenl advances in physics. 
In carrying out the ahovi* programme of work the 
Society acts in close eoilahoratiou witli bodies like 
the National Institute of Seienees, 'Phe Indian Asso- 
ciation for I he Cullivalioii of Seienee and the indfan 
Seienee Congress. 

In its meeting held in the Mathematics aqd 

Physics Section of the Indian Seieiu'e ('ongress recog- 
nized the Indian Physical Society ns the body re- 
presentative of the physicists in India. • 

The Indian Mathematical Society 

'Phe Indian Mathematical Society was started 
mainly through the ertorts of V. Hamaswami Iyer 
under the name “ .\rialylieal Club” in 1907 with its 
head quarters at Fergnssori College, Poona. Jt soon 
changed its name into “ 'Phe Indian Mathematical 
Club ’’ which was finally renamed the Indian 
Matheinatieul Society in J9I1. Since I91() it Iia.s been 
holding biennial eonfer*‘nees at different university 
centres with the object of .stimulating members to 
produce original pajxTS and of providing occasions 
for the members from all parts of India to get into 
personal Loueh with one another and discuss topics. of 
eomimm interest. In Il)H2 the Society celebrated its 
Silver Jubilee at Poona under the presidentship of 
Dr 11. P. Paranjpye. 

'Phe Society has today on its rolls nearly 825 
members and subscribers. 
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Puhlientionn. IMio Society publishes quarterly, 
two Journals (w’hieh arc sent free to the members), 
Xfis., (i) ' tbe Journal of the Indian Mathematical 
Soei(?ty ’ which publishes only ori^^rnal papers and 
iratin-s for the needs of workers in th<‘, field of Advancetl 
Mathematics, (ii) “the Mathematics Student’ wdiicli 
meets the requirements of humbler W’orkers, whose 
main activities centre, round teaching of (’ollegiate 
Mathematics, and also publishes ‘ News Items’ with 
the object of keeping the readers in touch with one 
another, and with leading events in the Mathematical 
World ill India and abroad. 

The Society subscribes for nearly 70 important 
matliematical journals and sends them in circulation 
to siuh of the members as may desire to look into 
them, free of any charge, or postage. 'Fhe standard 
books of reference and back volumes of journals in 
the Society's Library at Poona are also issued to 
memlM*rs w'henever required. 

The Calcutta Mathematical Society 

'Fhe Calcutta Mathematical Society was establish- 
ed in U)08 with Sir Ashutosh Mookcrj(‘<* as the first 
Pr<!f»idcnt, with the objects of fostering and encourag- 
ing the study of mathematics in all its branches 
amongst the various sections of the people of India, 
of promoting the spirit of (»rigiiial researeh and and 
of puhlishiiig a periodical journal containing in brief 
ail aecoiiiil of llu‘ ])roccedings of tlic meetings held 
and tlic papers aeecptiul by tin* Society aiul read 
before it. 

According to the present constitution the ('ouncil 
consists of a Prcsulciil, live Vice- Preshlents (of whom 
at least one should he a non-resident member), and 
twelve other members (of whom at least two .should 
be non-resident members j. At present Mr H, M. 
Sen, Principal, Presidency (’ollege, (’nleiiHa is the 
President of the Society. 

Tlic Society has four categories of intaiibers: 
“ Honorary member. Life member. Ordinary Ucsidiuil 
and Non-Resident members ”, the last category includ- 
ing all ordinary raemlHTs living outside Calcutta. 

At present the Society has 40 subscribers and 
remves 101 journuls, proceedings and other publieii- 
tions nf other learned societies, in exeliange of the 
Hullctin pf the Society. 

'Fhe Society maintains a good library of its ow'ii, 
rontaining about 8000 volumes, aitiiated at present 
in the Cniversity College of Science and 'Foclinology, 


Calcutta, wbteh gives every facility for work, to the 
members as well as to persons interested in the .study 
and research in Mathematics. 

'File Society has published 29 volumes of the 
Hiillctiri. All tin* Hulh'tins of the Society are printed 
free of <*harge by the Calcutta University Press. 

The Benares Mathematical Society 

'Fhe Benares Mathematical Society was founded 
in 1918 by a number of prominent mathematieians 
from different parts of India, headed by Dr Ganesh 
Prasad, o.si-., then Principal of the Central Hindu 
College of the Benares Hindu University wuth the 
objeet of eiicoiiragemenl and promotion of research 
in the various branches of pure and applied matlic- 
matics. Many mathematicians of distinction of 
foreign countries w'crc also associated with it as its 
Honorary members. 

.V President eli*et.ed anniially, u 'Freasurer and a 
Scerclary admiiiist(‘r tiu* business of the Soeiety. 
After the death of Dr (fanesh Prasad, its foiindiT- 
President in 1985. Dr Laxiiii Narain, n.se., of the 
Lueknow' University and Dr Ciorakh Prasad, d.kc., 
of the Allahabad UniviTsity were elected ils 
Presidents. 

'I’he Society has published 17 volumes of its 
Proccvdinffx almost om* every yt‘ar and has (*on fined 
ils publications only to s])ceial researeh })apers of its 
members. A Board of Editors bus been up}>oiiitc(l 
this year and it is prupos(*d to publish papers of 
tithcr mathcmnliciaiis as well. 'Fhe Society has rc- 
ceivcil in exchange of its Proccedhujs the piiblicatioii.s 
of numerous muthemalienl societies of the world. 

'I’fie Soeiety has on its rolls about 100 ordinary 
members, it is projioscd to locate it in a scparati* 
building erected in Inemory of its founder, Dr Ganesh 
Prasad, on tin* grounds of the Benares Hindu 
University. 

It has published few text-books on matbematies 
and some of these have gained wide recognition in 
India and abroail. It helps researchers and tiieir 
papers arc criti(‘i'/ed and published so as to bring 
them under the notice of all. 

Tlie Indian Statistical Institute 

'Fhe Indian Statistical Institute w'as inaugurated 
on the 17th December, 1981 under the chairmanship 
of the late Sir R. N. Mookerjee, who became its first 
Presidont. The objects of the Institute^ as defined 
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in its m<»moran(iiUD, «rr <'ompr«‘hensivo, and iiududo 
thr prntnotion of Ihr study of pure and applii-ii 
statistics as well as the eru'ourafi^emtrrit of research and 
disscminatitni of knowledge of tlicsc snl/pcls. 'Flu 
membership of tlie Institiiic is open t(» all persons, 
irrespective of sex, iialionality. rae<“. cried, or class. 

'I’he Institute is affiliated to tin- Royal Statistieal 
Society of Imidoii, and assured of the eooperalitui of 
a number of Statistieal Associations on the Contiin-iit. 
It is in touch with the Statistieal and other depart 
merits of the (‘entral and some I.oeal (iovernmnets 
in India, with some important Slates, with many edii 
eational organi/ations, as also with such boilies as 
the. Imperial C'oiineil of Agrii-ullural Research, and 
the difleri-iit ('hainbi-rs of (‘omineree. It is therefore 
in a position to obtain statistii-al information in regard 
to a variety of subjei-ts, or to put inquirers in direct 
touch with authorities capable of furnishing tlie 
desired, information. 

Sankhifti, the Imlian .fournal of Stali.sties is 
published by Prof. P. f‘. Mahalanobis, with the 
cooperation of the Indian Statistical Institute, 

'riiere are three local branches of the Institute in 
Poona, Mysore, and Bombay. 

Tlie Indian Chemical Society 

'Pile Indian C hemical Society was «‘Stabilj.shed in 
with Sir P. ('. Ray as the first I'resident. The 
object of the So<-iity is to cultivate and promote the 
eau.se of eliemieal seienee and allied branches of learn- 
ing by bolding meetings to read and discuss papers 
of seienlifie interest, by arranging lectures on broad 
.scientific topics, by co-operating wulh other orgatii/.a- 
tioijs having similar objects and specially by publish- 
ing original nn-moirs in eheinislry and allied branches 
of seienee in the Society’s organ, 77/e Journal of thr 
Indian Chemical Socirttf. 

The management of tlie attairs of the Society is 
entrusted to the ('ouneil consisting of I’residenl, four 
V^iee- Presidents, Hony, Secretary, Hoiiy. 'rreasurer 
and two Hony. F.ditors and twenty ordinary members 
of the Council elected by the Fellows of the Soc-iely. 

From 1921 to 1927 four issues wire piiblislied 
amuially. During the next two years it was issued 
a.s a bimonthly. 'Flic number of issues published 
annually was increa.sed to ten from 19;^0. Since 
198'1 the Society has been publishing twelve issues 
annually. . The adjudication of the publishable matter 


is entrusted to a Publication Committee eomsisting of 
ten members eleeted annually. 

'Fhe Society has built ii]) a fairly eompreliensive 
refereiiee library eonsisting of valuable journals of 
ebemistry and allied siibjeets and di.ssertations on 
seieiitifie subjeels received in i-xi-haiige for its own 
.lt>iiniai. 'File Society is in terms of exeliaiige with 
more than 1 I.'/ .seienlifie piibJieations, which are issued 
from all parts of the world. 

'Fill* Society gives research grants for carrying out 
original work when funds are avaibuble and awards 
two gold medals (the Sir P. Ray medal and J. M. 
Das (iupla medal) to junior research workers for 
exeelleiiee of work. 

Since HKRi the Society has iiiiderlakeii to supply 
to its Fellows at a nominal cost typewritten extracts 
or tran.seriplions from .loiirnals and from other refer- 
ence liooks that are in possession of the Society or 
are available in Calcutta. 

Prof. ,1. C. Ghosh is at pn-sent the President of 
the. Society and Prof. B. (’. Guha, the Honorary 
Secretary. 

The Society has got at piT.sent three local 
hranehes. namely at Lahore, Bombay, and Madras. 

Institution of Chemists (India) 

'Fhe Institution of Chemists (India) was founded 
ill 1927 with Mr R. L. Jenko, then Chemical 
Examiner for Customs, as the first President. It.s 
objects were the holding of meetings for the purpo.se 
of reading papers dealing mainly with industrial 
ehemieal subjects; and making arrangements for 
organi/.eil visits to faetoriis likely to interest its 
ineinlM-rs. 'Flu* Instiliition brings out four limes in 
a year its ProcrrditKjis in which the papers read are 
puhlisiied together with summaries of discussion and 
eoniineiils thereon. 

Us membership is alHiul 150. Reeeiitly a braneh 
of the Institution has been o))eiied at Ranchi known as 
the Bihar Braneh. 

'Flu- Iiistitutioii maintaiii.s an appoinlmeiit register 
with a view to assisting ehemi.sts to seeiiri- employ- 
ment and firm.s to .seetire the right type of men. 

.Mr \. N. Sen Gii]>ta is the present President of 
the Institution. 

Biochemical Society 

'I'he Bio-Chemieal Society, Calcutta, which was 
founded in has been holding eight to ten meet- 
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ings rviTV yrar. 'I’lit- Pntca’dhufs of the Soc*ietj* 
inehule short abstracts of the papers read, the names 
and addresses of all the members and the personnel 
of the executive committee as well as the outgoing 
secretary’s report. 'I’ho j)aj)ers read during the last 
three years cover a fairly wide range embracing pro- 
blems concerning vitamins, nutrition, hormones, 
enzymes, drugs, iininiinoelu'uiislry. bacterial meta- 
bolism, etc. 

At |)resent the total nuniher of members is 51 
and the activities of the Society have fully justified. 
the expectation with which it had been started. 

Tile Hio C’hcfnieal Stieiely, ('aleutta, has given a 
great impetus to bio- chemical research and its Pro 
ceedimfs have already attrai'led wide attention. 

Society of Biological Chemists, (India) 

This all-India orgaiiixation, which has its head- 
<piarters in Harigalorc, was started early in 1951. 

'riic Society has been holding under the auspices 
of its Hranches in different parts of India, meetings 
for the discussion of original pa|)crs and Symposia 
on subjeets of bio-ehemieal ami general .seientiftc 
interest. Summaries of siieh pajiers and discussions 
arc being published in the* Proceed in of the Society, 
the first volume of which was publislied in December 
195(i. With increasing .sufiport from Hraneh Centres, 
it is hojH'd that tiu- l^roceedinf/ft might in course of 
time, form a useful forum from which a perspective 
of the bio-chemieal work being carried on in the 
different parts of this country may be obtained from 
lime to time. 

The S<ieiety has g<»t on its nil Is 20 Honorary 
nieinlwuvs, among whom are .some of the foremost 
scientists in the world, ami about 550 ordinary mem- 
bers, inlercslcil in different bram-hes of the Hiologieal 
seieiu'cs e.tf.- medicine, agriculture, forestry, pidilie 
health sanitation, imiustry etc. In aildition, varioii.s 
.scienti/ie in.sti tut ions, libraries and (Jovernmerit 
(lepartments an* Mibs«*ribing to tin* Sjieiety’s publica- 
tions. 

'I’he affairs of the ScxMcty arc managed liy an 
Executive Committee consisting of a President, a 
Vice-President, a 'iVeasurcr, two Secretaries and 11 
members representing the branches of the Society at 
Hombay, Hangalore, Indore, Madras, (’oiinbatore, 
Delhi, Lahore, Calcutta, Allahabad, Ranchi and 
Patna. The. Annual general body meeting is held 
usually at the place where the Indian Science 


Congress meets and during’ the Congress Week. The. 
Society is considered to be one of the most active <»f 
the “ .specialist ” scientific organizations in India. 

Sir V. \. Hrahmachari is the President, and 
Dr C. N. Acharya and .Mr B. H. Iyer are the 
Secretaries. 

Botanical Society of Bengal 

'Phe Botanical Soeie'ty <if Bengal was started in 
DeeemInT 1.05.5 with tlu* ohjeets of promoting the 
cause of Botany and safeguarding the interests of 
Botani.sls in Bc'ngal. 

M'he numher of ordinary iiieinbers is alHiiit 75, in 
eluding many from outside C’aleulta. 

’Phe Society liolds ordinary general meetings, 
usually one<* in a month, in which pa])ers are read and 
diseii.sst'd. Among its other ac*tiviti«‘S may be men- 
tioiKsl holding of ))opidar leetiin* and (‘xeursious. 
'I'he (’ouneil of the Society has undertaken the work- 
ing out of a Irtalise on Ihe “ I'lora of Calcutta and 
its suburbs ”, 

The Bombay Natural History Society 

'Pht* Society was foiiudcd on the 15th Septemher 
l.StS5 hy eight residents of Bomliay. 'Phe founders 
met at I lie V'ietoria and Albert NFu.st'uin, Bombay and 
eonslilnted thcmsolvcs the Bombay Natural History 
Society. 'Phey proposed ” to meet inonthly and o\ 
clwingc notes, exhibit interesting speeiniens and other 
wise eiu-ourage one aiiotiu'r 

It was always one of the obji'ets of the Society 
to establisli in Bombay a Natural History Mu.sc'um, 
worthy of its tradition and of tlie city of Momhay. 
Wh' U, therefore, the Prince of \\'ales Museum was 
built, the Society’s eiilleelioiiSj which were rich and 
vari«*d, were, according to an agreeinenl entered into 
between the 'Pnistees of tlu* Mu.seum and the Society in 
1921, transferred at Pirsl to the main building ami 
later in 195d to a new wing expressly de.signed for 
the purpo.s(*. 'Phe greakr pari of Ihe research eollee 
tious, however, eoulinue to be kept at the Society’s 
rooms at (>, Apollo Street. 'Phe (ialleries of the 
Natural History Section are, according to Mr S. P. 
.Markham, who made a Survey of tin* Mii.seunis ot 
India, among the he.sl in the world and worthy oi 
every attention. 

Among other activities the Society haii carried on 
various seientifii? surveys, among which the Mammal 
Survey of Ihdiaj Burma and Ceylon, undertaken in 
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1911 and (1 in 192iJ may lu* TiK'nlioiUMt. 'I’lu* 

srii-iili/ir n siilts of tiu- wSurvt y uppraml in V7 )>a)U‘rs 
])iihlislu‘(l in llir Sooioty’s .loiinial and lln* data accii 
inidah'd provide llu* basis for tin- revision «>f 
lilanford's X’olnmrs on Mammalia in I lie l''aima t»l‘ 
Hi'itish India Series which is now heinj*’ nndertat.eii. 

rile .loiinial ol the S«u'iely is now in its .'{JMli 
Volume, the first mimher liavin;*- etiine out in .laimary 
18S(). In addition, it has published various ])opuiar 
books on Indian Natural History. 

His Kxeelleney (lie (lovernor of llombav is the 
President <d' tin* P.xeeiitive ('ommittei* which e«vntrols 
the affairs of the So<-iety. 'I'his is assisted by an 
Advisory Commitlee. 

'rile total number of numbers in was I ,;{()(> 

inebidini*' 2(K) Life Members. Its membership ex 
tends lhrou<j!:hoiit India, Ibirma and (’evloti, and 
iiM'Iudes resideiils in I'',,i; 4 land an<l the Lolonii's of 
iMirope ami Aim riea: as also many kisulred s<»eieties. 
museums ami seiiulirn* institutions throu.'.'lioul llie 
world. 

lltc Royal Aj'ri-I lorticulti'ral So< iVty of India 

'I’lie above '‘o<*iel v v' as hroiU'hl inltt beinj.* m ISt^O 
lar.‘4-elv, il not enlirelv throUi»h the endeavours of 
the IL v . William ( 'arey. I'he ehjeets were to pn» 
mole and inijn<»\e aeriiultnre and Imrlieulture in 
India in all its branehes. 'I’owards tin- rnitilmeiit of 
its objeels, the St»eie| y m?uh' free disl riluit icm of 

table seeds, held annually ai;rienll nisal exhihitioiis. 
maiidy in Calenlta, ami awarded lar^'e moiielarv 
prizi's ami meilals for the lies! prodnets »)f the .show. 
It also iield t ss.iy eompetitions on various ailitil 
subjeels. 

Ktani memhers slarlial hram hes of the Society all 
over the eonntrv. sueh as Liiekimw ( tirsl in l.S.'ta'i. 
.Madras, Dinapon'. Ibnu.'^alore. Ibirdw.an, Meerut and 
Singapore, eie. 

'riiere are on its rolls some one thousand members 
at pres<-iit. 'I'lu- Soeietv maintains a free erupiiry 
Hureau on matters eonneeleti with Imrlieulture. amt 
a valuable Library open tn its members for eoiisidla 
lion. Many (d* the volumes art* rare and out of )>rint. 

'Phe Soeietv used to brin^ out its Iraiisaelions and 
journals formerly. Por tbe last 15 years, however, 
no journal ba.s lieen i.ssued and only an annual rt‘port 
is piiblislietl. 

It is located at 1, Aliport* Hoad. Alipore, ('aleutta. 


Tlie Geological, Mining and Metallurgical Society 
of India 

'Pile Soei»ly was founded in to fulfil among 

»>lliers. tile l'(jllnwini*- objects: 

in) I'o promote and encourage the study of 
Cieolngy, Mining and .Metallurgy, (/>) to collect, 
pnblisli and distribute infornialioii relating to Cieology, 
.Mining and Mealinrgy, and (r’j to protect the 
interests of persons inferr sfed in (ieology. Mining and 
.Metallurgy pure and applied in Imlia. 

.\t present the Society <*onsisls of 182 ordinary 
im-mbers. I." assoeiati* members and 2 lioriorary mem- 
bers. 

'Pin* Society pu])lishes (/) 'Pile (junrfrrlif 
Janrnnl wbi(‘li contains only original articles on 
geology, mining and melalbirgy and allital sciences 
(nine volumes have so far been pnblislied): and 
{ii) Ihillrlins containing iliseiissions, reviews, 
svmposium el<*. on important subjects of general and 
s*‘ieMlitie interest and sp<-ei;dly with regard to mineral 
industry of Imlia. 

Tim Indian Psychoanalytical Society 

'Pile Indian IVsyelmaiialylieal Soei**tv vvliieh is 
atlilialed to the 1 nleniai ional Psyeboanal v t !<*al As.soeia 
lion, was established on the 22nd .lannary, 1922. 
'Phe ehjeets (d llie Soeivt y are (a) seientilie discus 
sioiis, {!)] ))rov iding facilities for original work, 
tc ) orgaiii/.ing leelnres, and ( d ) making arvnnge- 
meiils for translation into I’uiglish ami \'^eriiaeiilnr 
the important works on Psychoanalysis. 

'Phe Society liidds monthly meetings for reading 
and dis<ns.si»)n t)f original pajx rs on gisilogy, mining 
and metallurgy and alliejl sv*ieni*es. 

'Pin- Society has establisheil the following centres 
in India to organi/.e meetings and (‘xeiirsions and 
iiiiilar <ilher aelivilit s to he carried out hv the bx-al 
members, fll Mangalore; (2) .M.adras; (.9) Poona; 
(!•) liyderaluul; (.I) Menaias; (ii) Dluinbad; (71 
.Vsalsol; (S) Digboi; (9) Rangoon; (10) Rajpulann; 
Ml) ,Ianislu‘iliuM\ 

'I’lie Society .arranges many excursions to various 
industrial eiiitres and faetviries and to places of gco- 
logi<'al, mining ami melalbirgieal interest with a view 
to afford opportunities to the me.mbt‘rs to gather ex- 
perience*. 
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Tlir Society lias started a Library wliieh is growing 
by receiving large luimber (about 100) of foreign 
seienlifie periodicals in exebange. 'Hie Library is 
boused at present in the (i<*ology Department. 
Pnsidein'v College, Calcutta. 

Mr. 1). N. Wadia is tbe present President of tlie 
Society and Mr N. N. ('Iiatterjee and Prof. S. K. 
Roy are tbe Secretaries. 

'riu‘ n'gistt red oHiec <if the Society is at j)rcscnl 
lt?ealed in the (i(“oIogy Department, Presidency 
('ollege, (’alculta. 

The Mining and Geological Institute of India 

'rile inaugural meeting was held on the HJtli 
January lOOii at the bead (|iiarters of tin* (‘botn 
Nagpur Mounted Rifles, Asansol, ' nengal, in tbe 
presein-e nf His I'. xeelleiii’V Sir Andrew Praser, 
LimitiiKMil (iovernor of Meiigal. Tbe Institute was 
regisl< r<(l in t00!> unb'i* tbe Companies .\cl of l8S!i. 

Tbe seientitii' objc«’ts ftir wliieli tbe Institute was 
c'slablisbed were to promote tin* stiuly of Jind eiieoiir 
age and assist all branebes of mining, geology, 
metallurgy and engineering in linlia. 

.\t tile end of October, MI.'tT, tlu' tola! membersbip 
was 107, made up i)f aori .Members, ot .\ssoeiates, 
.‘Pi Subscribers, and 12 Honorary Members. Very 
recM'iitly a new grade of Student Associates has been 
eiM'ated to encourage students to take an I’arly active 
interest in Ibeir ])rofessit)n. 

Since its inception 82 volumes of tbe 'rransactions, 
ineluding !)-l< ])Hrts, have been piiblislusl. 

M(‘etings are held for tbe reading of pap<‘rs and 
visits to mining, geological and metallurgical places 
of interest tbrougbout tbe year, usually about once a 
month. 

'rile bead-tpiarters of the Institute is at present 
boused in the office of tbe (reologieal Survey of India, 
Calcutta. 

Laeli year, gold, silver and bronxc medals are 
pn‘.sented for tbe best ])apers read before tbe Institute 
and published in tbe Tranmci'wns and reaching a pres- 
cribed standard, w'bilst a prize of Rs. 500/- is given 
by tbe (government c»f India for tbe Iw-st original 
))aper. 

At an E.xtra-ordinary (leneral Meeting held in 
Oetidier, 1037, it was resolved that the name of the 
Institute be changed to Mining, Geological and 


^fctallurgical In.stitiite of India, and sanction of the 
Government of Rengal to tbi.s ebange is now awaited. 

The Calcutta Geographical Society 

'riie ('aleutta (reogra])bical Soeiely inaugurated in 
.luly, 1033 by a small band of worker.s, has been 
founded with the object of supplying the. need of a 
(‘cntral organization for llie inerea.se and spread of 
g<‘ogra]diieaI eiiltiirt* in Rengal. Its aims and objects 
among others are: — 

(/) to promote and ditTiise Geograpliieal 
knowledge ; 

[ii] lo fosler a spirit of adventure and re- 
seareli in (reograpliieal matters; 

(/?<) to encourage and help persons engaged in 
llu‘ work of (leographieal researeli and 
the spread of (ieograpliienl knowledge. 

'rile Soeiely is trying to attain these objects by 
organizing geograpliieal leeliires and exhibitions; 
publication of a joiirual; eneoiiragemeiil of geo- 
graphical researeb ami Iravc*! ami I be i onveiiing of 
ge<»gra] )iea I eonfenniees. 

'I'Ih* Society lias been fortmiab* in enlisting the 
support of a number of distinguished men as patrons 
ami has an effit’ieul body of workers as its (‘oiineil of 
fanagimuMit. Dr \. M, Heron, Director e»f tbe Geo 
b>gieal Survey of India is its President and Mr D. P. 
(iliosb and Dr S. P. Chatter p’e an- its Seeri'tarie'S. 

Tile Soe lety consists of onlinary memliers, sliicle iit 
iiieinlnTs, life members and honorary members. 'Pile 
iiiiiiiber of ordinary members amounts lo eim* liimdnel 
sixty and the sliulent memlu*rs ten. 

From September, the Soeiely lias Im-cm 

piiitlisbing a bi-annual journal named Thv CalcHttn 
(leojfra ph ical R rrirre. 

The Indian Psychological Association. 

'Pile Indian P.syeliologieal Association, an all-India 
Assoeintinn, was started in 1925 with the aim of (^f) 
co-ordination of psychological researeb; (b) public 
alion of psychological works in Fjnglisb and the vernn 
eidar languages and the translation of existing foreign 
works; (e) publication of a journal; ((/) organization 
of lectures and scientific discussions; and (e.) siu-b 
other items ns may be determined from time to time. 
Tile iiianagement of tbe Association is, at present, in 
the hand of a Central E.xeeutivc consisting of the 
Prc.sidcnt, tlie Secretary and 7 ordinary ineinjiers. 
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Lt.-Col. Rfrkclt'v Hill is the Present Presideiil. 

The Assoeialion, heinjj; an all-rndia Assoeialion, has 
members from all the parts of Fiulia. 'I’lu* Asso(‘iation, 
at present, consists of Ordinary members and Sliideiil 
members. 

'I'he Assoi'ialion piihlisiitvs <pinrterly 77/e Indian 
Journal of Psifvholotjif, which first ina/le ils app«‘Hr 
ance in 

Hesidcs publishing the .loiirnal, Ihc Association 
organizes public lccliir«*s and s(‘it‘idific disenssions. 
I’he Association is at piuseni located at !)2, I'ppcr 
('ircnlar Hoad, ( alcutta. 

The Indian Psychoanalytical Society 

'Pile Indian Psyclnninalylical Society whicli is 
afiiiiated to the International IVsychoanalyti/'al Asso 
ciation, was eslahlislicd on the 2*ind January, 

'I’lic objects of the Society arc (a) scitnitific liscnis- 
sions, (li) pro\ idiiijt; fa<’ilitics for ori; 4 ;inal work. (/•) 
ortcanizin^ / Icclnrcs, and {d) making; arrangements 

for translation into Kn^lish and vernacular (In* im- 
portant works on Psyt-hoanalysis. 

'Pile Society possesses a library where [irimarily 
books of psychoanalytical interest arc kt'pt. 'Pin* 
ninnlKT of volumes at jnvscnt is 155. Kvery member 
ami associate member has the ri,^ht to borrow books 
from the Library under conditions laid /lown in the 
regulations. 

'Pht* Society meets (d'ten to discuss points of 
theoretical and practical interests relating to psycho- 
analvsis. Papers read in the Society hav«' been 
publish(‘d in the Indian Journal of Psin'hohufif, ami 
other journals. 

'Phe Society preserves a list of persons wim after 
didy fulfilling all neec'ssary conditions ot the Indian 
Society and tin* International Association arc eligible 
to practise psychoanalysis in India or abroad. 1 lie 
number of such persons is small. A Psychoanalytical 
Institute for imparling training to suitable persons 
was started by the Society in lOIiO. A C!o\mcil of (5 
persons elected by the Society regulates the working 
of the Institute. The President of the Society is in 
charge of the Psychological (Jinic at the Carmichael 
Medical College and Hospitals, llelgachia. 

The Head of the Department of Psycliology, 
University of Calcutta, Dr G. Bose, has been the 
President of the Society since its inception. The 


()fii<-c and the library of the Society arc located at I t, 
Parsi Hagan Street, ( '/dent la. 

Anthropological Society 

In the year l!)!i() flic .Vnlhro))oIogical Society of 
the ('alcutta Cniversity was foiiiidc/I as a cliih under 
th(‘ kind patronage of Ihc lah* Sir .Vshiitosh 
.Miikcrj/a*. 'Pile im‘mt)crs t»f the chih im*t fiaun time 
to time to dis4-ii.ss matters ndating to niithropohigical 
res/arcli and to read papers. It als<i cxtrnd<'d its 
vvehaanc to bnadgn scholars who c*ame to ('aleiitta. 
Nolahly among them arc Pn/f. I\. v/ni l*'.ichstcdt. 
Dr K. S. ('. Handy, Prof. C. 'PanhiT of Mniiii'h, 
Dr Hoidnois, and Dr Mtinhard »»f Ihc \^)lkcrkmlda 
.Miiscnm, Hcrliii. In. the y/ar Ihc chih was 

formally rct-onstilntcd as the Anthro])ologicaI S*>cicty 
of tin* Calcutta l.'nivcrsily . 

The ohjci’t of the society is to cultivate ami j)ro 
niol(“ Ihc sliidy (»f primitiv(‘ people and in general to 
encourage la search work in Anthropology. Regular 
inertings aia* held to read and discuss papers of 
sciciUilic inliTcsl and hclnns on interesting topics 
arc also arranged. 'Iln* funds of the Society do not 
permit of piiMicalion ot the rcscarc*hcs carried mil by 
lilt? memhers of the Society, 'i’hcy ha\’c been publish- 
ed iiidcpcmlcnlly in I In* form of hooks or hiilhdins 
from time to time. 

'Plh‘ ailministralimi of Ihc affairs of thi‘ Society is 
cnlruslcl to a Coiiiuil consisting of tin* President, 
Htmy. Secretary and 'Prcasiircr, and the Hony. Asst. 
Secretary elected annually. An ordinary ima-ting is 
licld each month in which original papt'rs arc rcfid 
and distaisscd. All the meetings arc hchl in the 
.Vnthropologitail Seminar, .'15, Hallygimj (’ircnlar 
Hoail, Hallygimj, ( Palil House). 

Prof. K. P. (haltopadhyay is the jircsent Pri‘si- 
dciit and Dr P. C. Hiswas, llu- Secretary. 

The Physiological Society of India 

'Phe Physiologitail Society of India was inaugural- 
(al at a meeting held on tin* 15lh of .Inly U)3«5, in 
Ihc IMiysiological Laboratory, Presidency (Aillcgo, 
w’itb l*rof. S. C. .Malialunobis as its President and 
Prof. \. (’. Hhattacharyya and N. M. Hasu as its 
Secretaries. 

The total lunnbcr of Members of the Society at 
pre.sent is sixty-tw^o. 'Pherc are also tbirteeii Student 
Members. 
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Tlu* inanageim^nl of the Socifly is ontriisU*(l to an 
Kxfculivc Committee, eonsistinj^ of the l*resilenl, one 
Vice-President, the lw<» Seerelaries, the Assistant 
S<‘cretary and the 'rreasunr, and sixteen elt‘eted 
Members. 

The Society lias not yet bet ii able to fulfil one of 
its cherished itlcas the jmhlieatioii of an Iinlian 
Journal t)f Physiology. 'I’lie ]»apers read al tlu* 
meetings t)f the Soeietv are now bein^* fiuhlished in 
various seieiitifie journals, hut tlu* ahstraels t)f these 
papers havt* bt‘en published eaeli year in the Prnrrrti 
hiffs of the Stxiely. 

Since its JiU't'ption to the end of last year sixteen 
(hneral Meetings of the Soeiety were held in which 
thirty three original papers were* read and discussed, 
includini>' stune joint nuelinus of tlie Society and the 
hiochemieal Soeiety of Caleidta. 

'The Soeiety in HUo startcil an agitation for the 
creation of a Section in Ph\ .siolo<>'y in tlu* Indian 
Seieiiee. ('onj»:ress, throu,u;h its Secretary Pr<d'. N. M. 
Hasn which was emwned with sueeess and tlu* first 
meeting id* the Section of Physiology was hehl in 
Jndore in Ift.'tti. 

Although nnu’li remains to he «lone, the Society 
has niulouhtedly sueeeetled in providing a meeting 
))laee for the discussion and criticism of pro- 
blems of Physioh)gy and Uioeluinislry and thus ereat 
ing an interest in the suhj«*4*t ami giving an impetus 
to further resi-areh. 

Prof. S. C. Mahalaiiohis is the President of the 
Soeiety and Dr 1C Ahmad and Dr M. H. Sarkar are 
the Secretaries. 

The Institution of Engineers (India) 

'I'lie Institution of Kngineers (India) came into 
being as the result of a general desire of engineers 
in India to form a (*or])orate body which shouhl saft*- 
guard their interests, provide means of exchange of 
views on t*ngineering matters and a medium id* ex 
pression of authoritative opinions on engint*ering 
problems of public interest. 

'I'hc Institution was formally (*onstilid<‘d as a 
corporate body on tlu* l.‘tth St‘plember 11)20. 'Phe 
inauguration was p<*rformed by His Kxct*lbney Lord 
Chelmsford on 2;trl Pebruary. 1021. 'Pile nmst out- 
standing event in the annals of the Institution was 
its imorporation by Koyal Charter on the 9th 
September 1936. 


The Institution is modelled on the lines of the 
Institution of Civil, Meehanieal and Kleetrieal 
Kngineers of England, the speeial feature being that 
it eomhines in one the work of all the branches of 
Engineering. 

'Phe C!ouneil of the Institution is the C’omiiiitlei* 
of the Hrilish Standards Instituliim in India. It also 
acts as the Indian Xatio!ial Committee of the Inter 
national l<'d(‘elro tf‘ehni(‘;d Commission and of the 
World Power Conference. On it devolves the duly of 
obtaining the opinion of eompetent engineers of India 
ill tlu* m.'dter of standardi/ai ion of engineering 
materials. 

'Plu* Instiiulion has a hiiilding of its own erected 
on leasehold la. id S, (iokliale Road, Caleiitta, and 
also a Reserxe I''nnd amounting to more than a lakh 
id* rupees. 'Plurt* ;ire Local Centres al (’abulia, 
Romhay, Madras. Delhi. Lucknow and Rangalon*. 

'Phe rapid progress of the Institution may he 
gauged from the fact that the strength of its member 
ship has inereast*(l from I. ‘IS in 1921 to more than 
I, Hit) in 11)37. 

'Pile examinations for eorjxiratt* membership are 
reeog li/.ed l>y the (loverninenl of India and ino'.t id' 
tlu* Provincial f'lovernments as ipialifying for reernit 
mi nt to superior engineering serx ices. 

ICxaminations are held by tlu* Institution once a 
xear to test candidates for meinhership who do not 
possess the reeogni/ed e(|empting degrees or diplomas. 

'Pile Inslilntion publishes (piarterly Rnlletins and 
an annual Journal. 

Bliandarkar Oriental Research Institute 

Pile Institiiti* was founded on the (ith July 11)17, 
the iSOlh birthday of late Sir R. (i. lihandarkar. Its 
objects arc* to pnldish critical editions of texts and 
original works hearing on oriental antifpiities, to pro 
vide an up to-date oriental library, to train slndeiits 
in the methods of resi.areh and to act as an informa 
tion linrean on all ))oiiits eoniieeted with orii'iilal 
studies. 

'Phe xahiahh* library of the late Sir R. (»• 
Riiandarkar whieh he had already hecpieatlu'd to the 
Institute, xvas liandcd over after his demise, by his 
e.Keenhirs to tlu* Institute. 'Phe library of the 
Institute has also in its custody the unique eolleeti(U) 
of nearly 20,000 manuscripts formerly in charge (d 
the Deccan College, 



'riif Insljtiitc |)ii])lish<*s ;i (|iiat('r]y jiHirnal calh-il 
the AtinnLs of llic Hliandarkar hislilidt-. 1 1 has 
undrrtakrn l«> hriiii;- out a critical edition of the 

MaUubhui'utn. SiiU'e August 15)*J7 the Institute has 
hecui eoiidueiin^* r».'i*idar M. A. Classes in Sanskrit 
and ATK'ieut Indian ('ulturi'. 

It is housed in a tin • liuildini^; near the hills he 
hind the Hcane of tin- Ser\ants of India Soeiciv. 
Poona. 

Iht^ Bihar and Orissa Research Society 

'The inaunural meelin**- of the Kihar and Orissa 
Itesearc’h Soeiely was held on (he ifOlli .lanuary, KMa. 
'rile Soeiefy's ohjrel is (hr proiiKitiori of n'searrh 
within llie |)ro\ ine«' on |lir lines of othe r such 

Soeieties, hotli in India and elsewhere, its main lields 
ol rese'ari'li hi iuy; (!) History, ( ‘i ) Arehaetdot'V and 
Nuiiiisnialies, ( ;{ ) Antliro|)olou.y and (li Pliiloloay. 
'The Society can la\ claim to an unhrokeii record of 
aehie\ enu iit in its ijuai tel ly .lounial. which is now 
in its twenty third year ot )>uhii< at ion. Many riotahh* 
arlieh*s- Historical, lMiiioloy,ieal, Kt hnoloi*ieal and 

Nuniismatie have appeared in its pai'es; and to 

students of Aueieiit Indian Historv more particularly 
(based as tlii' is, so lar^’elv on inseript ions j , the 
.lournal is an indispensahle work of refereme. 

'The Soeiely has he«u londuet in;;- ior the past 
nineteen years a syslematie- search for Sanskrit 
maniiseripts in Mithila and two volumes of a l)(‘serip- 
tive Catalo;»-m of Manuscripts in Mithila, have- heeii 
])uhlislu'd, and two more- an- in the- press. An Oriya 
Pandit for seane years prose-eeiteel a similar search fe»r 
palm leaf Sanskrit manuscripts in Orissa. 

.\n eve-nt eif outstandim.;- imporlanee has he-e-n the- 
dise*ov(‘ry in 'Pilie-t in hv the Hev. liahiila 

Sankrilyayana of nearly 200 Sanskrit te-.\ls. 'riie-se* 
texts e-niheMly Puddhist writings of the- iirsl te-n 
e*e‘ntnrie*s after (’hrist. .\nmn;;' llieir aiillmrs an- 
Nu;>'.Hr jnna, \';tsuhanelhu, Asan;>'a anei 1 )harmakir(i. 
'riie.se manusi-ripis are- i.i se-ri|)ts e»f the Itlh e-e-nlury 
enwards, and are in me)st eases the- e»nly Sanskrit 
eiri^iiials krmwn. 'Phe* Ite se are h Seie ie-ly has arran;; 
ed to puhlish the-se- le-Nts in an Oriental Serie*s of (lie- 
first iinportance-. 

From the llev, llalnda Sankrilyayana, lean e-ame 
in IPJiJJ a most valiiahle e*e>lleetie)n of JhTJ 'rihelan 
books and mariiiseript.s, which he has plaee*d in (he 
Society ’.s .library. 


Orelinary mee*ti!i;>-s ed‘ the- Soe-ie-ty are held from 
lime to lime, as well as an animal ^e-ne-ral ine-etin;;, at 
which adeinsse-s eer hetiires .'ire- de-liv<*n-d by 
elistinwuishe-d selmlars. 

'The Seieie-ty has ;i \alnahle- lilnary, eeintainin;; eiver 
(>.(j 00 veilnnie-s. 

A haiieisome- suite ed' rexiins has lie-e-n preiviehel lor 
the- use- of the- Soe-ie'lv i;i tile' Mnsiiim hnilelin;;, whie-h 
\\;es eeanple ted in llie ve-;ir 1!I2!I. 

llie liuliori Institute of Science 

l-’slahlisheel in l‘»;{2 the- Iiieli.'i'i lleseareli Institute 
h.-js fen* its ohji e'ls ;imem«'- eithers (he- ilissi-minatioil eif 
luelian Culture- in all its varie-el hramhe-s on meulern 
seie-nlilie- line s, ami ;iwaki-.iio;; eif a wiele spn-aei inlere*st 
i!i the m;i';nillee'Ml eullural h-i»ae-ie-s anel saereel 
lile-ralun eef \ne-ieFil ami Me-elieval Indh-i anmn;; the- 
i*e-iie-ral lile-r.-de e)f the pre se nt elav . Out eef a se-ries 
e>f feenrtee-n sid) jetl the- luslilute .'d pre sent earrie’s 
on puhlieatiem ed’ five- only (a) Veelie-. (h) 
HudelhisI ie. (e) 1 .e-\ii-e)'i, [d ] l'’ine- Arts anel Are-hae-ei 
lo^-y. and (e j Imlian Peisitive- Se-ie ne-e s. 

.\nn:n!>' the ;i«‘liiev e lUe-uts of tile- I list it llte-, the- first 
and tore-most is the- puhlie-al iem of Its jemrnal, llie- 
Indian CnKnrr wliie-li is peildislu-el lour limes in a 
year. 

li maintains a library ami is IrOuu- to or^ani/i- 
a peepidar se-eliem of it anel .'i free- re aeiin;*- reieim. 

The- Institute- lias e)))e-i)eel a ee-nll'e- fen* pre)pa;>'Ht ieitl 
of its activities in Pole»;j;na (Italy) whii-h is hein^; 
e-oneliie-ti-el hv Dr I'., ii. ( arpani, eii.o.. ami whie-h is 
naineel “ Rappre se-iil an/,a .'seii ol iiie a Maliana ’ e>f tiie- 
liidian Ite-se-areh Institute*. 

Sir M. \. .Muke-rji is its Presieh-nt ami Mr S. ('. 
Seal its (ii-m-ral See-re-tary. 

The Indian Ro.search Institute 

'rhem;»-h the- late .Xfr ,1. \. 'I'ata e-eme-e-ived the- ide-a 
eif femmlin;;- an insliluh- for the- preiiimliein eif seie-iilitie 
anel iiuliistrial re st are-h as e arly as ISNP, it was not 
till Uni that the- Indian Inslimte- was ae-l\ially .starte'd 
with Dr Meirris I’rave-rs as its Iirsl Dire-etor at 
Uaii;*ale»re whie-h was sele-e-te-d em ;»;rtmiid.s of eoii- 
He-nial climate- and rie-hm-ss in mine rals. 'Phe Insti- 
liite- bi-;»'an fum-liemin;; with four ele-parlnumls only: 
(!) Department of (Je-m-ral and A])plie‘d Chemistry, 
(2) Department of Kleetro-leehnolo^ry, (,s) Drpart- 
iiiont of Organie Chemistry, and (fj Department of 
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Hio-rhrmistry. Hut all was not all ri^lit with Hu* 
Jn.stituto, and Dr 'I’ravers n'si^ncd in 1914. Tht* 
(jovernnifiit, in 1921, appointed a Speeinl Cloiniuiltee 
under the (.'hairnianship «)f Sir VV'. ,1. Poju* to make 
eiupiiries and iveominendations re^ardiuf^ the workiiijx 
of the Institute, 'riie l*o[)e C’oiuinittie suhiiiitted a 
very elaborate seheiiie of e\p.nnsioii wliich htnvever 
eon Id not be ^;iven eilVet lo. 

Dr (now Sir) M. O. I’orsler was appointed 
Director in 1922 and continued to be so till I9.‘h‘l when 
he was Nucc(‘cd<‘d by Sir ('. \'. |{ainan, wliost* failtin* 
as I'tn administrator led the Irvine ('oiniuittce (ap- 
pointed in I9.‘ti) to empiire into (he aH'airs of the 
Institu((‘) divest the Head of the Institute of all 
alininislralive powers wlii<-li fu>w nsl with the 
H(‘^is(rar. The Irvine Connuittet' ret'oinmended 
certain other eha!i«-es both in the administrative 
and aeadeiuie sides. The Indian institute forms a 
bi^ edueational eeiitrt* in this country and active 
re.sean'h in some l>ranelies of Seiems*, (‘sp(‘eially in 
pure phy.sies and eliemistry, is earrie<l on. It faihal 
lo fulfil the objects of the founder who wished lo 
make it a link between industry and piire seienee. 
'riie Irvine Committee has suj^'^ested ways and means 
as to how tin- Institute can l)est serve tlu‘ piirp<».se 
for which it staiids, and the changes recommended by 
them are bein^ fi^radually i»:iven eft'eel t<». 

Indian Society of Soil Science 

'riie Indian Society of S(nl Seienee was established 
at a meeting held on the .'Inl and 4th .January 19**15 in 
the llnktr Laboratories of the Presidency Colh*«;e, 
(’aleulta. 'Phe objects of the Society are. 


(a) to cultivate and promote Soil Science and 
kindred branches of Seienee and disseminate 
tin* knowledge of Soil Seienee and its a))})liea- 
titms, 

(h) lo work in association with the International 
Soc-iety of Soil Seienee and lo cooperate with 
other organi/ations having similar objects, 

(c) to do and perform all other acts, matters and 
things that may assist in, conduce lo, or, lu* 
necessary for tlie fulfilment of the above 
mentioned objects, and for the purpose of tht* 

St»eit*ly. 

The administration of (he Soeit’ly is vestid in a 
Couneil consisting of a President, two Vice Presidents, 
Past Presidents as E.v-nfjicin Vice-Presidents, the 
Treasurer, tin Seiretary ami six ordinary members 
(‘let'ltsl aet'ording lo rules. 'The total number t»f 
tnembers is r>2 at ]>r«‘sent. 

The StK'iety (has not publish any journal of ils 
own. 'The Society ludds three meetings in a year, 
(he .\tmual meeting hehl at the same lime and place 
as tiu* Sessit>n of the Indian Seienee Congrt'ss, and 
two tn-tlinary imrliogs held along with each meeding 
of the .Vdvisory Hoard of the Imperial Council of 
Agricultural Research. In tnaler to promote inter 
course among workt rs in S(»il Seieiiet* and to under 
lake cooperative work on local pn)blems tin* Society 
has recently adt>ptt'd a seheme for the establishmeni 
of local Centres. One such ecTitre is already doing 
good work at Indore. It is hoped to start similar 
centres in Caleiilla and Delhi in the near fill lire. 
Prof. S. P. iVgharkar is Hon. Secretary of the Soei<*ty 
ami the ofiic*e of the Soi'iety is hieated in the Hot any 
Laboratory, .*15, Hallygunj Cinidar Road, (’aleulta. 



Calcutta — Past and Present 


I'nlikt* niMMy oilier important cities in India. 
Caleiitta cannot boast of ancient historic associations 
or a j^:lorioiis past extending over eeiiliiries. Hardy 
three hundred years a^o, when on the other side of 
the (iHii^es, Hooghly was flourishing as a trade 
centre and a prosperous city under the l*orlu«;iiese 
settlers, on tin’s side of the ri\er lay a few sealtered 
viJlajres so insignificant that they find searee im iilum 
ill contemporary ehronieles. In less than three 
tiundred y«*ars the city of ( aleutta has grown iiit«» 
what it is to-day. Where stood a few huts and 
hovels at that time, stands to day the eil\ of palais s, 
the pninier city in India and the second city in the 
Uritish empire. 

'rile city i\as founded in Ui!)() as an hiast India 
('onipany settlement and its rise and growth have lu-eii 
symlironous with the ris<- of Knglish power in India. 
During the last two centuries, in the gnidanee of the 
ilestiny of India. Caleiitta has playial Hie most im- 
portant role. In the expansion of hniglish power in 
the 1*01111117 ii has serveit as the nneleiis. On the 
other hand for the last hnndnd yiars and more, in 
mattm's political, social or lalueal ion?- 1. her sons 
whether by Inrth oi* adoption, have always le<l the 
rest of India, and nainrally all movements aiming at 
political, social or educational progress of the eoiiiiiry 
had tlii'ir origin and centre of activity in ('aleiitta. 
With just pride she can jioiiit to the contributions 
which her illustrious sons, Itajah Itammohaii Hoy and 
Keshab Cliainlra Sen, Sri Hamkrislina and Swami 
Vivckaiianda, Haiidit Iswar C’haiidra Nddyasagar, 
Ramesli (‘haiidra Dull, Anaiida Mohan Hose, W, (’. 
Hanerji, Surendra Nath Hanerji, ('. It. Das, Ashntosh 
Mookherjee. H. N. .Mookherjee, J. (’. Hose, H. 
Ray, Rabindra Nath 'ragore and other members ol 
that illustrious family, made within the brief s[)an of 
one hundred years, to tin* cultural advHiu*(*menl of tin* 
country, to its art, literature, s(*ienee, jiolities, eoin- 
inerce and industry. 

Foundation and History of Growth 

'J'he origin of the name of (.aleiitta has not been 
satisfactorily exi)laiin*d. Probalily its origin may In* 
traced to the word Kali Kshetra ( seat of goddess 
Kali). Prof. S. K. Chatter ji the eminent Heiigalee 
phiJologist however thinks that this was originally a 


pbiet* where shell lime was deposited for sale, and 
lienee the naiin* Kali-kata. (Kali means shell lime 

and h'dfd nn*aiis place*). 

'rin* selection of (In* pn sc'iil site and the actual 
foundation of tin* city was made* by .lob (diariioek, 
ail agent of (In* Kast India ('ompaiiy. 'I'owards tin* 
middle of the si veiiteculli e*<*iilury tin* Knglisb n*eeived 
from Hrinee Sliiija. tin* vi<*eroy of Hiiigal, a eliarti*!* 
to carry on tin ir trade in llnse parts on payiin*nt of 
a /i.xed sum annually. Hooglily was at Ibis lime 

tin* main tr.'nh (ciitre*. and on his way to and hack 
fr<»m Honghly Cliarnoek siver;il timi’s lialte*d at 

Sutanuti a growing village on Hie l(*fl bank of Hn* 
rive r and he was so mm h altraeled by tin* village 
and its siirroinidings that winii lalei* In- was ol1'er(*d 
an asylum al Dooghly by the Navvab In* r<*fnse<l tin* 
ollVr and de« i<i«-d lo se-llh- down on I his side of Hie 
rive*r. This plae't* being man r lo the se a than 

ilooghly alforded l)(‘t(ei* trade faeililiis and sab* with 
elrawal in (*asr td’ de-b-at in war. .\lso Hu* sihiHiioii 
maele it e*omparalively s«-<*nrt* from atl;u*ks liy 
.Mariiattas and Moglinis. Hortngm-se- Iravh- bi-iiig on 
the decline al Iloogiily. nativi* Iradirs and bankers 
liael already lu-gmi to ilivirt to Ibis diree-lion. In 
H>MO .le)b ('li:iriiO(*lv issmel .*1 ))reu‘iamatie)n inviting 
various naiioiialities to e'om:* and settle in the 
Company s /e-mindarie-s the three* villages e»f 

Sntaiinti, Kalikata and (iov iiidapnr. 'i'he- Port iigiie.se. 
the .Vrmenians, the* liiiidiis, tin* Meishriis and others 
respe)iide*d tei the eiverlures of ChHrno<*k ami Ihns be- 
gan to greiw np (he eity of Cah nlla. 

Cliarnoek eliv*el in KiJJti. In bis lime lilt It* was dime 
te) elear jungles, const met roads eir tmild Innises in 
llie city, 'rile new agent Charles Kyre was a man 
of iiiitiativ'e and eiiter[)rise. During bis admini.stra- 
lion the old birt was built, and brick built houses 
were erei'ted for the president and .servants of the 
C'ompMiiy. Other Knropean inerehaiits also built llieir 
liou.ses on the eastern side of the Fort and a fine 
settlement grew uj) with the present Dalhousie 
Sc|iiare. as its centre. 

Ill 1717 Surgeon Hamilton who attended the 
Moghul Kmperor at Delhi during his illness ^ceured 
from him a jinnan authorising the English to purchase 
^8 villages near nboiil the three villages of Govinda- 
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])HP, Suf aiiuti aJid Calcutta. I'ln' land now acquired 
was about *J()00 acres and the cilv bc^j-an to ijicrcasc 
yearly in wealth, beauty and ri<hcs. 

Of itifinit(‘]y ^rcat consequence to ('alciitta anti 
indeed to the whole of India were the i*\ents that 
followed towanis the middle of the eighteenth 
icntiiry. After Siraj nd dowla ast'eiided the ihroiii* 
of Henpd in 17oh‘, open hostilities broke out with 
the Ktiglish. On .huie HI. the Nawal)’s army reach 
ed C’alentta and in a 1V« days were in possession 
of the Fort. When news the fall «>f C’aleutta 
reaeind Madras, an ar?ny to avenge the ilefeal was 
.sent under Cli\e and Watson, who reached ('alenlla 
ill DeeemlMT, IToil. On llu'ir apjiroaeli tin- Nawali’s 
jjfarrison evacuated the fort and a treaty was eonehid 
ed with the Nawab. Shortly after war broke out in 
Kiiropi' lielwicn Fn^land and I’ranee and Clin* 
eajitiired the, Fri'iieh posst-ssioiis at ( ’liandiTiia^'ore. 
The French were allies of the Nawab and apiin an 
open rupture between the K!i? 4 ,lish and the Nawab 
followed. The subsKjuent h.appenin^s are well 
known ^'^ents of Indian history, 'riiere were intri 
/jfuers in the Nawab’s capital who wished to depose 
him and set up .Mir .lafar in his jilaee with tin* aid 
of the Fiiiflish. Aft<r eseeiilin;;’ a sis-ret treaty 
with tin* treacherous .Mir dafar Cii\e with his army 
r<‘aehed the tichl of IMassey on .lime :ind 

tin* battle was won without much li<d>l. .Mir .lafar 
on ascending' the throne •;a\e the F.nj;lisli /amindary 
rights over Mengal. l.a\isli <'ompensat ions ware 
awarded to the Comp.iny and its oHieers, a jiart of 
which was utilisi-d in rebuilding the city, constructing 
a new fort, a mint ami other public buildings. 'I his 
victory of the Fnglish eontribulcd considerably to 
the growth of Calcutta. 'I'he I’.nglish were from now 
the king-makers of Bengal and in real power, 
and (‘aleutta which was their headquarters prospered 
beyond measure. Splemlid country housi s sprang up 
in the suburbs and the liaiiks of the Ilooghly. But 
the heart of the city was still an aggloineratioii of 
jialaees and hovids. 

During the tenure of ottiee by Hastings who 
Mieeeeded Clive, the administration came to be 
(‘('iitralised more ami more in ('aleutta and the city 
had a systematic growth. 'Fhe following is an ae 
I'ount of the city left by an eminent F.uropean who 
visited the place in ISO;t. “ 'Fhe town of C'nicutta 
is at present worthy of being the seal of our Indian 
(iovernmeiit, both from its size and the magnifieeiit 
buildings that decorate it. 'Fhe citadel of Fort 
VV'iIJiam is a fine work. The. Ksjiianade leaves a 


grand opening on the <‘dg(‘ of which is placed tin* 
new (fovernmeiil house erected by Cord Wellesly, a 
noble stnietnre not un worthy of its destination. On 
a line with this ediliee is a range of excellent lionses. 
Chowringlu-e, an eiitin* village of palaees, runs for a 
eonsidm'able length at right angles with it and 
altogether forms the lim sl \ i(‘W' beheld in any city.’’ 
i'roin this lime on the progress of Cahuilla has heen 
eoiiiiniioiis. The 'Town Mall was eompieti'd in ISlJt. 
'I'he foiimbtlion fif St. Baul’s Cathedral was laid in 
I.S.SM. The Iw'o misses I'.din. the lalenltd sisters of 
Lord .ViielJanil, started the famous F.den fiardens 
about this time. I'he Port Commissioners were insti- 
tuted in INTO to eoMtrol the iloeks, jellies Jind landing 
Stages. Many modern improvements of the fort haNe 
heeii ( Ifeeleil by this body. 

.Vrraiigi'menl s for iinjiroveini’nl of the city on a 
large amt long drawn mil scale by icpc'iing np cmi 
geshd anas, laying ami improving mails, proiiding 
open spaces, creating cheap houses for the poor and 
carrying the cily's limits farther, have lu cn umlcr 
taken by the Calciifla Impro\cmcnl Trust set up in 
and \cr\ good w ork in Ihcsi’ di reel ions hai c 
bicu done by that body in the Iasi iVw' \e;irs. Broad 
streets like Cliitlaraujaii .\\enue, .New Bark Street, 
Itaslibeliari \\ i ime etc., hav e been laid ami a nmiiber 
of tine jiarks lia\e been si4l up. In the soul hern pari 
of I he eily an c xteiisixe lake has lieeii exe.'U.aled whii*li 
senes not oijl' as a b»aul\ sp,d bul has helped Ihe 
growth of such heallhi sjiorls as rowing etc. 

The most imporla:il addition to the city in recent 
limes, during the \iei rovally ol Lord Cur/.ou, is the 
\'ietoi*ia .Memorial Hall which is umlonhtedly Ihe 
most inagnitie e ut building erected in India duri'rig 
tile- British rule. 

Present Area, Population, etc., and Municipal 
Administration 

The- jircse iil are a of I he- city including the* muni- 
eipal area, the Fort William, the- maidan, the* port 
and the canals is about forly-tlve* sep miles and the 
popiilalio:] nearly rj.DO.OOO (IBal). If the .south 
suburban area, Tollygiiuge and Howrah be* ine*lude*d 
the tedal popuIalie)n is about 17,00,000. 'I’be popu 
latiein of tile e*ily in 10*21 was nearly 0.00,000 and 
lifly ye*ars back it was l).;j,‘i,000.‘ 'rbe*se figures 
slieiw lie»w rapidly the* e’ity has greiwMi. 

Little was done to impreive tlie eonditiem of the eily 
till abeml the end of the eiglileentb century. In ITOf 
under a statute the* (xenernor-fjerieral began, to appoint 
Jusliees e)f the pcae*e for iniinieipal administration and 
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lilt* Justices set lo work to improve the hiwn. 'I'lie 
elective principle was intnHiuced in the iiiuniei])nl 
ailministration of the city when in lS7(i lh<* same was 
investtui in a hotly of eoiineilhirs two-thirds of whom, 
were, electctl, the rest being; nominated by the 
(iovernment. 'Phe slate of things remained praeti 
(•ally the same till the ])assing of the Calintta 
Muniei]>al Act in U)2;i, wbieh was s])onsored by the 
Jalo Sir Surendranath Hanerji. 'I’he act has provided 
for far greater popular re])reseiitation and control 
over municipal administration than be lore. 'Phe 
present Corporation consists of Tfi elected eoimeillors. 
ten appointed by Government and five aldermen 
elected by the eouneillors. The mayor and the 
deputy mayor are elected annually from anu)ng them 
selves. The C'urporalion appoints its oflieers and 
exercises a general control over the funetiims of these 
officers. 'I'hc revenue of the Corporation in 11100 
11)01 was Us t..‘t 1,000, In a little more than thirty 
years tins has increased five fold, the present revenue 
being nearly Us 250,00,000. One of the imtsl iin 
portant services rendered by the ('orporalion in re 
cent years is the spread of primary education among 
the poorer classes in the city. In ll)2t‘) the number 
of primary seliools in the . ity was only 11). Jn tne 
past fov years more than 200 free primary' seliools 
have been started and maintained by llic ( orporatioii, 
which gives free primary edueation to il0,0U0 
eliildren. 

Social Life of the City — New Religious and Social 
Reform Movements 

Of all cities in India Calcutta has the most eosino- 
politioii population. It is the meeting i)lHee of many 
nationalities and religions. Amongst the religions 
professed llindiiisni claims tiie largest number of 
followers and iie.xt comes the Moslems. Christians 
form the third largest group. Ui sides these are Uarsis, 
Jains, Buddhists, Shiklis and sprinklings of other 
faiths. 

'I'be necessity of belter UMderslaiidiiig between the 
two communities was felt for the imj)roveinenl of the 
administrative maebinery and real eontaet was start 
<*d through the efforts of some sympathetie Kuropean 
scholars. The foremost amoTig them was Sir William 
Jones W’ho came to this eoimtry as a judge of the 
Supreme Court. He founded the Asiatic? Society »»f 
Bengal and devoted himself to the study of Sanskrit 
with the help of Pandits. Colebrook, Wil.son and 
others also came into a elo.se touch with the iiative 
seholars to understand belter their culture. lnl80U 


the College of Port William was started to train 
Kiiglish civilians in the language and literature of the 
eoimtry. Hut it wa.s mostly through teachers ljk»* 
Uev. Alexander Duff, David Hare, Derozio and 
Captain Richardson, who aroused a genuine interest 
for literary treasures and civilisation of the West 
in the minds of Bengalee youths, that bonds of real 
love and affection were established. .Vl the same 
time Ibrougb the activities of Clirislian Missionaries, 
many brilliant Hindoo young men embraced C’brisliaii- 
ity. Hut this was soon cheeked hy the new religious 
movi'meiits within the Hindoo society itself. 

'rile Western iiiHiienee on Hindoo society indirect- 
ly gave rise lo the Urahmo Samaj movement first 
started by Uainmohan Uoy in ('aleiitta about a 
iiiindred years ago. Uaniiiiohan was a vedantist and 
o])posed to conventional methods of Hindoo worship 
of many gods and godih‘sses. lie preached monotheis- 
tic doctrines of the vedanta and after his death his 
iiiovt iiient was taken up by Deveiidranatli 1‘agore 
and later Keshab Chandra Sen did much to propa- 
gate the new faith among the enlightened Hindoos. 

The conversion of .some of the best young men of 
the country, howi ver, had their reactions on orthodox 
Hindoo .society and the appearaiiei? of saints like Sri 
Uamkrishna and his disciple Swaini Vivi'kananda 
saved the Hindoo society from wreckage. Swami 
Vivekanaiida was an apostle of neo-vedantie move- 
ment in the country and this iiioveuienl more than 
anything else awakened in the hearts of his eoiiiitry- 
nien a eonseionsness of their ancient religious culture 
and their spiritual heritage. 

Simultuneuusly with these new religious move- 
ments, various social reform movements also were 
started. 'I'he abolition of caste restrictions and 
untouehfibilily was strongly advocated by the pioneers 
of the Brulnno Somuj inoveineiit and later Swami 
Vivekanaiida too led a vigorous campaign against 
unlouebubilily. The 'rem[)cranee movement also was 
started in Calcutta under the leadersliip of Keshab 
(’handra Sen, Peary Churn Sirkar and others. At 
long last the Indian Xatiunal (.'ongress under the 
leader.sbip of Mahatma Ciandbi lias paid proper atten- 
tion lo these, social evils and recently vigoriius 
attempts have, been made lo eradicate them; but the 
credit of initiating these movements in the country 
goes to the leaders of f'nleiitta society of the last 
century. 

Educational Activities in the City 

111 the earlier part of British rule education in 
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(hr proviiur was impartrd inaiii!y tlirougli iiuli^i'iioiis 
sriiools, wluTf Sanskrit, Aral)ii' a!ul Pt-rsian wcit 
lan^lil. and in tlic city tlicrc were a lar^c imTnl>cr 
of such institutions. f.ord Macaulay who came 
to Calcutta as the first Law Mciuhcr of the 
(Jovernor (icncrars ('ouncil cxprt'sscd his opinion 
in the famous minute of Feh. ‘J. IK.'t/S, stronfjfly 
advocatin^i; the teaching' of Kiijilish in preferaiice 
to Sanskrit or Arahie to the natives. Some time 
before Rajah Kaiiiinohan Roy made similar pro))osals 
to Lord Amherst in an open letter. In spite of 
establishinfif Sanskrit or Arabic schools of the td<l 
type lie pleaded for a more liberal and enli^htt ned 
educational policy of the Government “ embracing 
mathematics^ natural i)hilosophy, clu'mistry, anatomy, 
with otlier useful sciences, employing a few gentU*- 
men of talent and learning ediu'ated in Kiiropi*, and 
providing a college furnislu'd with necessary books 
instruments and other apparatus. " In the 

Governor-General in (’ouncil resolved that hcneefortli 
all axailabic funds should be employed in imparting 
to the native population a knowledge of Knglish liter- 
ature and science through the medium of Knglish. 
Several schools on western models caiiu* into existence 
through private cHorts about the same time. Hut the 
premier institution which serveil the purpose of im 
parting Knglish education to young Hengal was the 
Hindoo C'ollege founded in 1817 through the enthus- 
iasm of David Hare and Rajah Rammohan Roy. In 
I8ay Hie Government allowed it to stand on the 
grouiiil acquired for the erection of the Sanskrit 
Collegi* buililing. 'The subsequent .career of the 
('ollege was glorious, its students later becoming 
}>iom‘ers of all movements in the country. In 18;{5 
the (’ollege was taken over by the Government and 
its name changed into the Presidency (’olh*ge, which 
to this day is the premier educational institution in 
the province. A start U» femah’ education among 
the natives in the province was given by Drinkwater 
Hethune witii whom collaborated .some leading 
Indian gentlemen of tiie city. 'I'hc Hethune Colh'gi* 
was started in 1850 which later devt lopcd into a 
first grade college. 

Present Educational Institutions 

Primary (‘diu'ation in the eity in mainly catered by 
a large iinmher of tree primary schools run by the city 
C’orporation. Tin* ('orporation has a .scheme for the 
introduction of free and compulsory primary educa- 
tion in the eity without levying any additional eduea- 
tiort ees.s. The number of high Knglisli schools with- 


in the city is 121' of whicli 2t in.stitutions arc for 
girls. Aiiiiunlly more than 5,000 boys are sent uj) by 
llie.se schools for tlie matriculation e.vamination of 
the Calcutta t’niversity. 

In the <'ity there are 15 arts colleges which impart 
instructions to nu»re tlian 12.000 under-graduate 
.students, 'riiere are three eolleges exclusively for 
woimui students and tM'o more' colleges arrange 
.seperate classes for women. In some other eolleges 
eo-edueation is allowed. 'I’he premier educational ins 
titution in the city is tin* PresidiUiey (’ollege, which 
posse.s.ses a big library, we]he(piip])ed laboratories 
mid a brilliant leaefiing stall’, 'riie St. Xavier's Col- 
lege, managed by the Society of Jesus, was established 
in LS(»0 and enjoyed a reputation for .seieriee teaching 
<liic particularly to the clforts of Kather Lafont who 
was a pionei^r of seientilie education in Calcutta. 
The .Scottish (jhiireh College is one of the best 
institutions managi'd by Christian inissionarits and 
lias dune much for the sjircad of education among the 
Indians. 'I'hc Sanskrit College is tim* of the earliest 
GoveritmciU institutions foiiudtsl in 182<1< with tiu* 
object of encouraging the study of Sanskrit. 'I’hc 
Hethune (’ollege is the foremost girls’ college in the 
provimv. Th(‘ Islainia College was opened by 
Governnieiit in 1H2(] for the benefit of .Moslem stu 
dents. 'I'lic other colleges in the city an* run by 
public bodies or by ililferciit missionary societies. 

'I’liese institutions impart instructions to under 
graduates and ar^ alKlialed to the Calcutta L’iiivcrsit\ . 
Since its foundation in 1857 the main funelion of 
tile University has been the conduct iiig of various exa 
miiinlioiis and eonferring aendeinienl degrtes. 
Students from such dislniil parts as Lahore, Huriuah 
or (k^vlon were admitted to the examiiiatioiis of tiu 
University. 'I’lie University had no permanent hahi 
taiion till 1878 when the Senate House was creeled. 
Kxteii.sions of building accommodations have been 
made from time to lime and the pre.seiil I’niversity 
buildings inehide eommodioiis struetiires siieh as Dar 
hhaiiga Huildings, wdiere the University offices are ac 
eoinmodnted, tile Ashutosh Buildings for post graduat<- 
elas-ses in arts, and two Seienee (^illege Huilding*’ 
which were erected by the princely donations received 
from Sir 'raraknatli Palit and Sir Rash Hehari 
Gho.sh. At pre.sent the University has territorini 
jiiri.sdietion over the proviiiei'S of Heiigul (exehiding 
the town of Dacca), and Assam, and it has uinh‘»‘ 
its control (12 etdleges and one thousand high schools 

Due to the initiative and far-sighted policy of tlu’ 
late Sir Asutosh Mookherjee, the greatest of all vice 



chaiu'olloi's who ailoriicJ the rnivrrsity, il has lurnrd 
from a mere cxaniinin^’ body lo an aelnal rent re of 
learning and higlu r stiulies. 'I’lit' postgradnatr teaeh- 
ing de|mrtTneid whieh was <i))ened in 1J)17 )irovid<‘s for 
a two year <'oiirse of leaching in arts and seienee suh 
jeets. At ])rescnt Ihe deparlmeiit has ahonl 1000 
stiidenls riading for tlie M.A. thgree and stndenls 
reading for the Sv. degree. 'I’he t«‘aehing stall' 
eonsisls of ‘JdO professors and leelurers, many of 
wliom liave attained internationai reputation l)y tlu ir 
depth of learning and seiiolarship. The I'niversity 
has a big library eontainiiig more tlian 100,000 
volumes, and the departments of Physies, ('liemistry, 
llotany, /oology and freologv jxissess well-equipped 
laboratories. 

Professional and Technical Education 
Tile western system of medical ediieation was intro- 
duced in Bengal towards the beginning of the nim* 
teeiilh eeiiturv. 'file ( aleutta Medical ^C\dlege, the 
premier institution of its kind, was founded in lK.*h>. 
.Vdvaneed medical training is at present provided by 
the (’aleutta Medical (’ollege, the Carmichael Medi 
eal College, the School of 'Tropical Mt'dieirit' and the 
All India loxtitute of ffygieiie and Public fi(‘Hllh. 
'The colleges provide f<»r a six year eourse leading up 
to the .M, B. degree. Ill addition lliere are thn-e 
medical schools in the city whieh train students for 
tile lieentiateship exaiiiinalion. 'There are a number 
of ho.spitals attached to the Cnieulla .Medical (’ollege 
which can aeeommodate 700 beds and nearly 1200 out- 
patients are treated there daily. 'Tin* Caleiitla Seluxd 
of Tnipieal .Medieiiu* owes its inception to the 
labours of vSir Leonard Rogers and eommeiieed work 
in 1021. 'I’eaehing in tropical medieiiie and research 
work in tropical iliseases are eoiidueled hen-. In the 
field of medieine research it has already established 
an inb-rnational reputation. 'The All India Institute 
of Hygiene has been started recently. The c(»st oi 
acquiring the site and to build and eipiip the Institiilc 
was provided })V the Roekcfcllcr Foundation. 1 lie 
primary objt'et of the Institute is lo hridgi* over tJie 
gulf betw'cen the results achieved by pure research 
and their practical application to the eoinmiinily. 
It is working in idose collaboration with the School 
of Tropical Medicine, 

The Bengal Engineering College is tin- biggest 
institution nianagetl by the (ioveriinient for impart 
iug higher technical education. It has three depart- 
ments, the Civil Engineering Department, the 
Alechanieal Engineering Department, and the Mining 


Departnu'id. 'The most important private institution 
for technical education is the College of Engineering 
ami 'Technology at .ladaA])iir. Sir Rash Bt'hari 
(fho.sh made a princely gift of Rs. I ().(K),000 to this 
iii.stitiition and was its first President. 'The institu- 
tion is under the control of the National Council of 
F'dueation and provides for teaching in tm‘<‘hanieai, 
idi'ctrieiil, and chemical engineering. 

Facilities for higher eoinmereial rdueation are 
provided by the (’aleiilta L’niversily and the (’om- 
meree de{)artmenl of the Vidyasagar (.'ollige. 'I’here 
is a (fovernmeiit Coinmereial Institute which affords 
training of a ))ra(‘tiea] eharaeler. 'I’here i.s a (iovern- 
iiient Sch(X)l of Art, where about 250 students receive 
training in Drawing and Design course and also 
undergo i)raetiee in 1ithogra})hy. 

I^earned Societies, Research Organizations, etc. 

In aiiditioii to the various ediu'alioiial iiistilutioiis 
wliieh have Ix/eii briefly diserihed above ihe city is 
also the seal of a large iiiimher of research organiza- 
tions and learned ‘.oeieiies. Foreinosl among them 
and also the oldest literary and Seieiililie Soeii*ty of 
the Hast is tin* Royal Asiatic Society id* Bengal 
slarteil in Caleiilta in I7iSL by Sir William Jone.s, 
under the patronage of W'arren Hastings. 

O.ie of the Society’s lirsi activities was the 
piddieation of llie ’ .Vsiatiek Researches " twiuity vol- 
umes of which wen* [iiihlishtd between 17iSH and IN.'B), 
'Tilt* proeeedings of tlx- Soeirly’s monthly mtadiiigs 
appeared in a .loiirnal. ft also undertook t!ie piibli- 
eation of liihlitttlif’vii fndicn, a serit-s of texts in Sans- 
krit, Persian, Arabic and ollu-r laiignagi-s with trans- 
lations. 'I'he Society has a large inaniiseript library 
eoiilaining about aOOt) volumes of Persian, Arabic and 
'i’lirlvish inanuseripls, a larger eolleetion (about KiOOO 
volumes) in Sanskrit. 'I’he library of printed books 
is partieularly rich in seientilie and philological serial 
jmblieations. 'J’he Soeiety’s rooms are adorned by 
many works of arts. 

'The Asiatic Society fostered the formation of the 
Indian Seienet* (’ongress, whieh held its first ses- 
sion in tile Soi'iety's nxuns twenty five years ago, under 
tlx* presidentship of the late Sir Asutosh Mookher- 
ji. 'The Soeiety is responsihle for the management 
of the work of the (’ongress when not in session ami 
publishes its proeeedings. 

The Indian Association for the Cultivation of 
Science 

'I’lie As.soeialion was started througli the eiforts of 
Dr Moheudra Lai Sircar, M.D., in 1H74> the 
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avowed object of cultivation of science in all its 
departments both with a view’ to its advancement by 
original research and to its varied applications to 
the arts and comforts of life. Arrangements for 
lectures in various branches of physical sciences were 
made. This system continued to about the end or 
the first decade, of this century, when gradually 
more and more stress was laid on researeh. Sir C. 
V. Raman when in Calcutta use<l to conduct re- 
searches in tiic loboratorics of the Association and 
the discovery of t!ie Raman effeet was made here. 
Recently a ’professorship in physics after the name 
of the founder of the association has been created 
whose duty is to devote himself to original research. 
Students from all parts of India carry on research 
work in the laboratories of the Association. The 
Association publishes the Indian Journal of physics, 
an important organ for the publicaticm of research 
w’ork done by ))hysicists from all parts of India. 

Bose Institute 

Tile Rose researeli Institute at ('alcutta was 
founded by Sir J. C. Bose, in 1917. Research 
scholars are admittcil on condition that they devote 
themselves wholly to the prosecution of researeh. 
Investigations carried on here on the physiological 
mechanism of vegetable life have established the im- 
portant generalisation of the fundamental unity of 
plant and animal life. The Institute also possesses 
well equipped physical and chemical laboratories 
where original investigations are being carried on. 

Calcutta University 

'riie importance of Calcutta as a research centre 
grew immensely after the inception of the post- 
graduate departments of the University, when oppor- 
tunities were created for members of the teaching 
staff to carry on research in the arts and science 
subjects. Rooks containing researches in ancient 
Indian History ^ Epigraphy, Fine Arts, Economics, 
Anthropology, Pure .Mathematics, History and in Eng- 
lish literature have been published by the University. 
Researches in the classical languages, in vernacular 
literature, philosophy and in comparative philology 
have l)een systematically carried on and llic large 
number of publication on the.se subjects liear testimony 
to the high qualities of these researches. Tiie esta- 
blishment of the University College of Science with 
its well equipped ]al)oratoric8 enabled many mcm- 
^bers of the staff- to carry on original researeh and 
them liave earned international reputation, 
number 0/ research scholarships, and Fellow- 


ships are awarded annually to meritorious students 
who devote them-selves exclusively to original in- 
vestigations. 

Bangiya Sahitya Parishad 

The Society was started with Ramesh Chandra 
Dutt as its first president, with a programme for the 
cultivation and improvement of the Bengali literature. 
It also encourages historical, archaeological, sociolo- 
logical and other studies and rcsearclies with special 
reference to this province. It undertakes the pub- 
lication of original books and translations from the 
best books in Sanskrit, Arabic, English or other Euro- 
pean languages, and collection of old Bengali manus- 
cript and object of historical, archaeological, ethnolo- 
gical or literary interest. It also tends to foster the 
spirit of research in literary, scientific, historical and 
philosiphical subjects and publishes the results of 
tlie.se re.scarches through the medium of Bengali, for 
which purpose the Parishad issues a quarterly jour- 
nal. The litirary has a rich collection of 50,000 vol- 
umes and 5,000 manuscripts. There is also a 
museum, chiefly provincial in cliaracter, consisting of 
exhibits of historical and archaeological interest. 

The Indian Museum 

The Indian Museum owes its exislemr. to the Asia- 
tic Society. Th^ Society first began to eolI(*et Ethno- 
logical, Geological and Zoological exhibits. Tin; 
Indian Museum was started in 186(5 w’hen the 
Society's collections were transferred to the Museums 
building. The Museum is divided into five sections, 
the Archaeological, the Art, the Geological, the Indii.s- 
trial and tlie Zoological section. 'Hie archaeological 
collection is the richest in the East, 'riiorc are anti^ 
quities from Mohenju Daro, 6000 years old, and other 
relic.s dating from «rd century B. (\ 'Phe picture 
gallery eotitain.s a rich collection of pictures repre- 
.senting varinu.s schools of Indian painting. 

The Imperial Library 

This grew out of the Calcutta public library 
which was founded' in 1885 and housed in tlie Metcalfe 
Hall in 18^0. 'Phe Govt, of India acquired the en- 
tire building and the books of the. library ih 1901, 
and the re-organised library was opened to tlie public 
ill 1908. It is the largest library in India and lias 
done notable service to a number of seliolars in India. 
Calcutta is also the headquarters of a lar^ nUmber 
of learned societies, most of tliem o(v aii. all' India 
character. Accounts of their activities 
elsewhere in this journal.^ 
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Past Presidents of the Indian 
Science Congress 


\In the folloxving paget rev publish brief accounts 
of the lives and works of the past presidents of the 
Indian Science, Congress during the last 2o ifcars. 
Lack of adequate information in some cases and eon- 
sideratiott of space in some others have not enabled 
us to deal with them jn greater details^ though rce 
believe that the breviiif of the accounts does hardly 
any justice to the fascinating story of the eventful 
lives of those ** foremost men of Science in India 
who have presided over the Science Congress, In the 
past.] 

Sir Asutosh Mookerjee, Calcutta (1914) 

Sir Ahiitosh Mookerjee was Ixirn at (’aleiilta on 
June 29, 18(14 aiui was ediieatej first at tlie South 
Suburban School. Calcutta, and tlieii at the Prcsideiicv 
College. He had an amazingly brilliant ac.adcinic 
career. He was the first alumnus of the Calcutta 
University, who took his M.A. ilcgrcc more than once 
in different subjects. In 188() he was awarded the 
Premchand Roychaiul studentship, in Mathematics, 
his favourite subject, and in 1891 became the examiner 
of Master of Arts Examinatiiiu in Mathematics. In 
1888 he took Iiis degree in law' and joined the bar. 
He became Honours-in-Law in 1898 and a I)oetor-in- 
Law the following year. 

As a young worker in Mathematics Sir Asutosh 
attracted attention of the noted mathematicians of 
those daj'S, and mathematics remained ever his passion. 
Ho was elected a fellow of the Edinburgh Royal 
Society (1886), and a member of many learned 
Societies, such as the Ixmdon Physical Society (1887), 
Societe de Mathematique of Pari.s (1888), the Royal 
Irish Academy (1890), etc. Besides, he wa.s the 
recipient of numerous honorary degrees from Univer- 
sities and Academies. 

His rise as a lawyer was phenomenal and he 
behaine a Judge^ of the Calcutta High Court 
(11M)^l9Sf8), But great as he was as a lawyer and 
a scfelWjK was greater still as an educationist. 


The Calcutta UnivtTsity as it exists today is his 
creation, and the establishment of the Post-Graduate 
('ouncil in Arts and Science is entirely due to his 
efforts and guidance. He w'as the Vice-Chancellor of 
the University from 1906 to lOM and again from 
1«)21 till his death in 1924. Sir Asutosh w'ill also be 
remembered for the valuable service he did to educa- 
tion in coimection with the Sadler Committee which 
was .set up to advise the Government on Secondary 
and I’niversily Education in thi.s country and of , 
which he was a member. It is not po.s.sible to deal 
adequately with the eventful and fascinating life of 
Sir Asutosh. No other individual has contributed to 
llic cause of education, not only in Bengal but througli- 
out the length and breadth of the whole country, more 
then he, and his name has always been a great source 
of inspiration to the educated in general and tlie 
educationist in particular. 

Honours and titles came to him thick and fast. 
He w'Hs for many years the l*resident t»f the Asiatic 
Society of Bengal. He presided over the first meeting 
of the Indian Science (’(Uigrcss in 1916. Sir Asutosh 
died at J’ntiia on May 25, 1921, at the age of 60, 

Surg.-Gen. W. B. Banneriiian, Madras (1915) 

William Burney Banncnnati, who was General 
President of the Congress of 1916, was Iwrn in 
Scollaiid in 1858. He received his early education in 
P^diuburgh anti taking up medicine in that city obtained 
the degree of M.B.C.M. in 1881. 

Bannerman entered the Indian Medical Service in 
1888 and after eight years of military service includ-. 
iiig the Burma Campaign was posted to civil employ- 
ment in the .Madras Presidency. There he acted for 
some years as civil surgeon and later as Deputy 
Sanitary Commissioner. His interests lay largely in 
the scientific side of medicine and he kept in touch 
with the new developments at that time in th^ region 
of bacteriology and tropical diseases. His opportuni- 
ty to become closely associated with practical Work 
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on these subjects came in when he was appointed 
Superintendent of the Plague Research Laboratory in 
Bombay, of which Haifkine was L)irector-in-Chief. 
Bannerman undertook a reorganization of the manu- 
facture of the Plague Vaccine in which certain difficul- 
ties had been encountered and liis technical ability and 
organizing powers were shown by the institution of 
methods which made possible the production of the 
vaccine safely on a very large scale. When Haifkine’s 
association with the lalmratory ceased, Bannerman b<*- 
came Director and the name of the Institute was 
changed to the Bombay Bacteriological Laboratory. 
Its functions were extended to enable it to undertake 
all kinds of bacteriological work for the Bombay 
Presidency, and as it was the first large organized 
Institute of the kind in India it became a centre for 
research workers engaged in the study of a variety 
of problems. The classical work of the Plague 
Research Commission which proved the rat-flea cycle 
of transmission of plague and established the ground- 
work of our knowledge of the epidemiology of the 
disease was accomplished at the laboratory of which 
Bamierman was director. The lx»dy of research 
workers on other subjects which had Iwen dcvclo])ctI at 
the centre found in Bannerman a sympathetic sup- 
porter anil a level-headed critic whose advice and 
assi.stan<‘e could always relied on. His own 
research work was carried out chiefly on the bacterio- 
logy of plague and its scrum treatment during this 
period and lie also extended Ids studies to snake 
venoms on which he published important memoirs. 

Bannerman continued as Director of the Lalsfra' 
tory which is now' know*n as the Hatfkinc Institute 
until 1911 when he was selected by the (hivcrumc.nt of 
Madras for the appointment of Surgcon-deiicral of 
that Presidency. He continued in that a])j)ointmcnt 
until his retirement in 1918. Returning to his native 
land he unfortunately lived only another six years and 
died in 1921>. 

Sir S. G. Burrard Lucknow (1916) 

Sir Sidney Gerald Burrard w'as born on August 12 
18(K>« He was appointed to the Survey of India in 
1884, and was Superintendent, Trigonometrical Survey 
of India from 1899-1910. He became the Surveyor 
General of India (1910-1919). 

In 1901 Colonel Burrard's paper upon Himalayan 
Attraction was published at Derha Dun and in 1907, 
he in collaboration with the late Dr. Hayden, F.R.S., 
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prepared the official book On the Geography and 
Geology of the Himalaya Mountains and Tibet 

Sir Sidney was awarded the Victoria Medal for 
Science by the Royal Geographical Society in 1918. 
He was elected Fellow of the Royal Society in 1914. 
In recognition of his abilities and services the Govern- 
ment conferred on him the titles of C.S.I. in 1911 and 

K. C.S.I., in 1914. He presided over the Indian 
Science Congress in 1916, held at Lucknow. 

Sir Alfred Gibbs Bourne, Bangalore (1917) 

Sir Alfred Gibbs Bourne, was born on August 8, 
1859. He is the eldest son of Alfred Bourne, Secre- 
tary to the British and Foreign School Society. He 
was educated at the University College School, Royal 
School of Mines, and University College, London, of 
which he became a PVllow. He worked as an assistant 
to K. Ray Lankestcr (1879-85) and was engaged in 
research at Zoological Station, Naples, from 1888-85. 
In the latter year he came out to India as the Professor 
of Biology in the Presidency College, .Madras. He 
then served in various capacities, as the Registrar of 
the University of Madras (1891-99), Botanist to the 
Government of Madras (1897-98), Director of Public 
Instruction, Madras, etc. In 1915 he was appointird 
Director of the Indian Institute of Science at 
Bangalore which post he held till 1921 w'hcn he 
retired. 

Sir Alfred has made valuable con tribul ions in 
Zoology and Boi my w'hich among others include his 
papers on Anatomy of Pclomyxa, LimnociMliuiii. 
ChaetobranchuN, Lecclie.s, P«arth worms, Rotifera, 
Pearly Nautilus, Scorpion Poison, etc. 

He w'as elected a Fellow of the Royal Society. 
The Government in recognition of hi.s valuable services 
to scicnirc and education, honoured him with CM.K. 
in 1908 and K.C.I.PL in 1918. Sir Alfred Gibbs 
Bourne presided over the general iHidy of the Indian 
Science Congress in 1917, held at Bangalore. 

Sir G. .T. Walker, Lahore (1918) 

Bom in 1868 Dr Gilbert Walker was at St 
Paul’s School from 1881 to 1896, then going to Trinity 
College, Cambridge, where he had the wonderful 
opportunity to work under G. H. Darwin, J. .L 
Thomson, A. R. Forsyth, A. N. Whitehead and J. W. 

L. Glaishcr. He owed much also, to J. .Hopkinson’s 
insistence that in . physical applications, though 
mathematics was a valuable tool, it was is bad master 
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— ^that it only provided the quantitative side of 
physics and was not a substitute for it. The College 
made him a Fellow in 18U1 and shortly afterwards a 
liecturer in Mathematics. In 1908 the Indian (ioverii- 
inent selected him to take charge of their -^leti'orologi- 
cal Department, and arranged for him to go to 
America^ Germany and France, in order to learn as 
much as p<issible from the chief w'orkers there and 
in England in solar physics, niagiielisni and seisnui- 
logy, as well as in uieieoroh»gy. 

On arriving at Simla in June. 1908 Dr Walker 
found conditions in the Dt'partmeiit such as few today 
have any idea of. His predecessor Sir John Eliot 
had no scienee graduate to help him. 'I'he quantity 
of work that Eliot got through was amazing; his daily 
average was at least thirteen hours, Sundays and 
weekdays; he had very little of the joy <»f discovery, 
for his energy was absorbed in checking Hgures, read- 
ing proofs and in the inevitable departmental routine. 
In those days science hntl little prestige: it was only 
after long effort on the part of Sir Gill)ert that the 
pay of the Head Clerk in charge of the Simla office, 
with its computing as w’cll as its correspondence, was 
made as high as that of the lowest grade of routine 
clerks in the Se<Tetariat, men who addressed envelopes 
and licked stamps. 

Of course the big problems which annually 
demanded solution was that of forecasting the mon- 
soon. This was too complex for theoretical treatmenU 
and an empirical knowledge of the a<'tual relationships 
must, be the only solid basis. This meant getting all 
the data handy and training the staff to work out the 
mutual associations by routine statistical methods. 
This foundation developed gradually during his 
twentyone years in India and has grown further 
during the ten years that he spent as Professor of 
Meteorology at the Imperial C!ollege to which he was 
appointed by Sir 'Phonias Holland in Oppor- 

tunities there occurred of getting more insight into 
soaring and Dapping flight, a subject which is of 
.special interest in India. 

Dr Walker was elected a Fellow of the Royal 
Society in 1904. He was the general President of 
the Indian Science Congress in 1918, held at Lahore. 

Sir Leonard Rogers, Bombay (1919) 

Leonard Rogers, son of Henry Rogers R.N,, was 
born on the 18 tU January, 1868 . He received his 
early education, at Jthe Plymouth College and later 


joined the St Mary’s Hospital, University of London. 
He qualified for the conjoint medical hoard diploma 
in 1891 and the next year, passed with high honours 
the M.H.K.S. of the Ixmdon University. Early in 
1898, he was admitted to the Fcllow.ship of the Royal 
C’ollcgc of Surgeons, England, and the same year, he 
aceepted a commission in the Indian Medical Service. 
While still a student, he dc**idcd t»» devote him.self to 
a <‘arcci‘ of research in triipical diseases and on coming 
over to India, he immediately took up the problem of 
the ‘fevers’ which were very prevalent in Bengal and 
Assam at that time. His first report oii ‘Epidemic 
Malarial Fevers of Assam (Kala-uzar)’ was published 
in 1897 afid after 10 y«‘ars of persistent work, he 
wrote his first hook on levers in the Tropics (1908j. 
As Pnffessor of Pathidogy at the Calcutta Medical 
(’ollcge, Rogers had unique opportunity of studying 
both cliolcra and dys»*nlcry in a hypcrendemic area, 
and after several years of most painstaking and devot- 
ed work, he developed the present successful treat- 
ment of <‘holera, dyst‘ntery and liver abscess. 

Apprcciatiim of llie highly important work 
carried out by Rogers was not slow in coming. In 
1905, when he had barely 12 years service, Rogers 
was elected a Fellow of the Royal College of Physi- 
eian.s, a distinction wJiich few' members of the Indian 
Medical service obtained at so early an age. He was 
made a C. 1. E. in 1911 and a Knighthood was con- 
ferred on him in 1914. He won the Maxon and the 
Foihergi Ilian Gold Medal of the Royal College of 
Physicians and was made a Fellow of the Royal 
Society in 1916. He retired from .service in India in 
1920 and was appointed physieian and lecturer to the 
London School of Tropical Medicine and the London 
Hospital for 'Propical Diseases and was made the 
President of the Medical Board in the India Office. 
During his career in India and England, he contribut- 
ed numerous scientific papers and wrote important 
lM)oks on tropital medicine, chief amongst which may 
bt; mentioned Dysenteries — their Differentiation and 
Treatment, liotvel Diseases in the Tropics, Leprosy 
and Recent Advances in Tropical Medicine, etc. 

One of the outstanding achievements of Sir 
Leonard Rogers in India, which will keep his memory 
alive for a long time to come, is the founding of the 
Calcutta Scliool of Tropical Medicine. The idea of 
establishing a research centre of tropical medicine in 
Calcutta dednitely formed itself in his mind in 1910 
and after working indefatigably for nearly 10 years, 
lie achieved his object. 
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Hr was the 'general President of tiu* Indian 
Seirnee Congress of 11)19, hehi at Jlomhay. 

Sir P. C. Ray. Nagpur (1920) 

Born in 18(11, Sir l*rafnlla C'liandra Kay began 
his cdueation in the Hare Seliool. (’aleidta, in 1870. 
He passed the Kiilranee Kxaininalion in 1879 from the 
AHktI Sehool. While reading for liis dtgree, he was 
.seeretly i)reparing at home f»»r Ihe (iilehrisl Seholar 
ship Kxamination whieh was an all India eornpetition, 
and his sueeess in 1N8'J enabled him to ])roe<-ed 
Kurope for higlier studies in seie.iiee. He gradu- 
ated from tile I’niversity of Kdinburgli and oblained 
the degree of 1). Se. in 1888 on the basis of a thesis 
in organie ehemistry. He was honoured in due eoiirs** 
by the award of a speeial seholarship by the (jilehrisl 
Foundation and of the Hope Prize Seholarshi]), and 
also b}’ eleetion as the ^'iee- President oftlie Kdinburgli 
University Chemieal Soeiely. 

He return«‘d to Caleulta in 1888, and after a year 
of waiting he obtained the. post of an assistant ))ro- 
fessor at the Presideiiey (\)llege, Caleutta. 'Phe doors 
of the Indian Kdueational Serviee, w'hieh was almost 
an exclusive preserve for Britons in those days, 
remained seahul to him, though persons with far in- 
ferior (jiialiheations were holding high appointments 
as professors in the serviei*. He keenly felt the in- 
justiee done to him beeause of his raee and eoloiir. 

But he was determined to make the best use of his 
opportunities. He felt it to be his missitm to ereate 
an enthusiasm for research in his students. A sfream 
of research work began to How out from his labora- 
tory, whieh soon made him well-known throughout 
the .Seieiititie world. 'Pliese embraeed a wide Held of 
inorganic ehemistry, dealing mainly with nitrites and 
with complex eompounds of mereury, sulphur 
platinum, ete. Brilliant though he is as a research 
worker himself, he believes that his greatest aehieve- 
inent has been the foundation of the Indian Sehool of 
C'heniistry and of the Indian ('hemieal Society of 
whieh he was the first President (1921-*J()). 

After the retirement from the I’residi-ney College 
in 191() after full 28 years of active serviee. 
Sir Prafulla ('harulra was persuaded by Sir Asutosh 
.Mookherjee to be the Director of the Chemical 
Laboratories of the newly founded University College 
of Science, which post he held with great distinction 
till last .lulv. 


Great as he has been as a teacher and researcher, 
he has also proved a most successful man of action. 
He has been responsible for establishing many indus- 
trial enterprises, of w’hich the erealion of the Bengal 
Pharmaceutical and Chemical Works is the most 
remarkable. I’naidcd and w'ith a eajiital of a few 
hiiiidred rii])e«-s saved from his small salary, he began 
the preparation of ])harmaceutieals at his own 
residence. In 1902 the Bengal diemical and 
Pharmaecutii'al Works w’as converted into a limited 
eoneern with a capital of 2 lakhs of rupees, and today 
it has a capital of Ks 50 lakhs and boasts of having 
the biggest sulphurie acid plant in Asia. 

It is said about Sir Prafulla ('handra that the 
patriot in him has ])revcnted the fullest realization 
of his genius as a researcher and an industrialist. 
Indeed, the one passion in his life has been an ardent 
love for his motherland. He has preached from 
hundreds of platforms, “ Researches can w'ait, in - 
dustries can wait, but Swaraj eannot wait.” 'Phis 
passion has been the dominating force in his life. 
Honours have come thick on him, three years ago he 
was i*li*cted an honorary fellow' of the (’hemieal 
Society of London. He was the Gent ral President 
of the Indian Seienee Congress Meeting in 1920, held 
at Nagpur. 

Sir R. N. Mookerjee, Calcutta (1921) 

Born on June 28, 1851', in the village Bhabla 
(near Basirhat), 21' Parganas District, Sir Kajeudrn 
Nath .Mookerjee had his early education at the 
London .Missiona''y Sehool, Bhowanipur, Caleutta. 
w’liere he read up to the standard retpiired for 
beginning the engineering classes at the Presidency 
(’ollege, Caleutta, the Sibpore Kngineering (’olleg** 
having not then been established. 'I'hough he could 
imt tompleti* his (‘ourse for a degree in engineering, 
he had so mastered the ])rineiples of the subject that 
he rose to be a most successful engineer. 

Sir Ka jeiidra lirst started business as a contractor, 
and later joined Messrs. T. (’. Mookerjee ami C-o. 
It is here that he made his mark as a sound business 
man. He next joined Martin and Co., of which he 
later on became the senior partner. He gradually 
Wame the head of a great business organization, 
including the firms of Martin and Co., Burn and Co., 
the Indian Iron and Steel (k)., and the Indian 
Standard Wagon and Co. As a mark of apprex^iatio.i 
of his business abilities and services to the country, 
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the (fovernmeiil honuiiml Iiini with a (M.K. ami inaiie 
him in 1J)09 a " Captain oi* Imiustry in Bengal.” He 
was made a K.(M.K. in 1911 and a in 1922. 

Sir Rajeiidra Nath presided over tlu- Beni^al 
Retrenehmenl Committee in 192.'1, and in the f<dlow 
iri^ year he served on the .Ml India Retrtriehment 
(■omrnittee. During 192r)-2(i, he was a meinher of the 
Royal (’oinmissioii on rndian CiirremT and Kinaiiee. 
He was also president j>f the ('onimitlee of experts 
ap})ointed to advise tin* (iovermnent, re^ardinji; the 
Howrah Bridge. He was Chairman of the Board of 
'rrustces of llu* Indian Museum at Caleutta, ami a 
member of the (xoveriiing Body of the Bengal 
Kngiiieering College. He was jiresidi'iit of the .Vsiatie 
Society of Bengal (1921*) and of the Institute 4>f 
Kngiiieors (India) (1921). He presided over the 
general body of the Indian Seienee Congress in 1921. 

Sir Rajendra died in May, 19J91, at the age of S2. 

Mr Charles S. Middlemiss, Madras (1922) 

C'harles Stewart Middlemiss, (M.K., F.R.S,, B.A., 
F.G.S., F.A.S. B. was born in \ovember, 1859, 
educated at (’ainbridge ami eame to India in 
September 188;i as an assistant offieer in the (b*ologi- 
eal Survey of Imlia; he retired from India in 1930 
after eoinphteiiig 1-7 years of active service* in various 
branches of Indian geology. Diiring the course of his 
work he had to vi,sit alinost every part 'd India, from 
Garhwal It) the Kashmir Himalayas, Hazara, the Salt 
Range mouiitains, the Southern Shan Slates of Burma. 
Raj))utana, several ilistriels of South Imlia and 
Ceylon. 'Pile geological literature t)f all these areas 
bear the slam]) of his accurate and painstaking field 
work, while in some areas, e.r/., Kashmir, his researches 
rt*east com))leleIy the old ideas rega riling the striie- 
ture and stratigra])hy of these mountains that existed 
prior to his time. Middlemiss's re.s(*arches embraced 
many brant'hes of geology besides stratigraphy, in- 
(‘liiding micro- petrographic study of South Indian 
rock-types in days when the microscope was just Iw- 
ginning to be used as an aid to petrology; investiga- 
tion of earthquakes, esj)rcially the Kangra earthquake 
t)f 1905; the study of the stability of mountain-slopes 
ami other economic and engineering prt>bleins. 
Middlemiss was not a prolific writer, but up to 1915 
he had published 31 notable contributions, among 
w'hieh his ^lornoir on the geology of the Sub- 
Himalayas of Ktimaon and Gainiwal is regarded as 
one of the cla.ssic works on Himalayan stratigraphy. 


.Middlemiss never sought aeademie hoiioiirs or 
flistinetioiis, hut the value t>f Ins work was recognized 
by the (ieologieal Society of London who award(*d him 
the Lyell .Medal in 191 k In 1921 he was elected 
Fellow of the Royal Society. .\n active iiiemher of 
.Vsiatie Society of Bengal sim-e IKSk Middlemiss was 
elected a Fellow of the Society in 1912. hi 1917 he 
was President of the Gt'ology Section of the Indian 
Seienee (‘ongress and in 1922 he was ealletl upon to 
j)reside over the plenary session of the (’ongress held 
at .Madras, 'riie (ioverniiieiit of India marked their 
ap))reeiation of his seientifie work hy conferring on 
him the C.I.F. in 1915. 

.Vfler his rtlireinent from the (ieologieal Survey in 
1917, he s])(*nt 12 most active and profitable years 
in the service of the Kashmir Slate in organizing the 
State Mineral Survey ami in initiating detailed field 
investigations of et'onomie mineral tleposils. .V series 
of valuable brochures on the metalliferous and other 
mineral resouret‘s of the Stale has been the result of 
bis fruitful labours in Ibis field. 

Though nearing 80 years, .Middlemiss happily 
is still full of mental ami bodily vigour and is kt'cniy 
alive to the j)rohIems and puzzles of Himalayan 
geology, freely helping his colleagues of old with his 
kindly fatherly advice and suggestions. 

Sir M. Visvpsvaraya, Lucknow (1923) 

Sir .M. Visvesvaraya was born in September 1801 
and was educated in llu* (’eiilral (\»llege. Bangalore, 
and Iht* Collegr of Seienee. INituia. As be secured the 
first place among the sueeessful graduates in 
Kngiiieering in the Bombay rniversily Kxamination 
of 1883, he was ajipoiiited early in 1881- to the 
guaranteed ])osl of .VssistHiil Kiigirieer in thi- Bombay 
Piihlie Works Depart meiil . .Vs an Knginecr he 
served in the various administrative tlivisions of the 
Bonihay Presidency, iiieludiiig Sind, iiniii he rose to 
the position tif Superintending Kiigineer and Sanitary 
Kiigiiieer to the Government of Bombay. 'I’liis 
ofliee he held for four years, during which period he 
prepared ami submitted sehemes for the water supply 
and drainage for a large number of towns. After his 
retirement in 1908 from the Bombay (ioverriinent 
.Service, his services were requisitioned by the Nizam 
Cxovcrnim nl to undertake llic necessary ])roteetion 
works against the ravages created in the City of 
Hyderabad by eyelonie storms and Hoods. The next 
three years he. was Ghief Engineer to the Governmenl 
of Mysore (1909-12j and in 1912 H. H. the Maharaja 



of Mysore was pleased to appoint Sir M. Visvesvaraya 
AS the Dewan, which office he held with ^reat distine-' 
lion for a period of six years. As the Dewan of 
Mysore, he effected vast improv(*nieiits in the Stale 
which has become now one of the most progressive 
StAtes in India mainly through liis eff'orts. Aft<*r 
his retirement from the Mystire (huernmenl Service 
in UM!), Sir M. VisvesvAmya served in various 
eapaeities. 

Titles and hoiionrs eaiix* to him thick nnd fast, 
from Indh the (loverimient and the ])uhlie Imdies. He 
is the author of a niimher of reports. Among his 
mon- iin})ortant publications may he mentioned, 
Uevonstruvtinff Indw amt Planned Pconomif for India, 

He presided ov<’r the Indian Science Congress in 
held at Lucknow. 

Dr Thomas Nelson Annandale, Bangalore (1924) 

Dr 'riumias Nelson Annandale or, as tie styled 
hiinscdf in later years, Nelson Annamiale, was born 
in Kdinhurgh on the 16th of ,lunc 187(), and educated 
at the famous Public S<*hool at lliigby, where he rose 
to the head of the school and at Balliol College, 
Oxford, graduating in 1898. From 1902-1904 he held 
a research fellowship in Anthropology in the Univer- 
sity of Kdinhurgh and was awarded the degree of 
Doctor of Science in 1906 f<»r his work in the Malay 
Archipelago as a inemher of the Skeat Kxpedition. 

He caim- to India in 1904 as Deputy Superintend- 
ent of the Natural History Section of the Indian 
Museum under Lt.-Col. A. W. Aleoek, the Superin- 
dentent, and on the latter’s retirement in 1907 sue- 
(*eeded him as the Superintendent. 'Phe title of this 
post was changed in 1910 to that of the Director, 
Zoological Survey of India, and he occupied this }iost 
till his death in 1924. 

Even an undergra<iuatc Annandale spent 
several vacations in Iceland and the Faeroe Islands 
collecting materials which, after some preliminary 
reports, in Man, Proceedintfs of the Uoyal Society of 
Kdinhuryh, etc., were collected in a book entitled, 
'The Faeroes md Iceland: a study in Island Life' 
(1905). In 1899 he went as a member of the Skeat 
Kxpedition to the Malay Peninsula, and repeateclly 
travelled in that country during the years 1901 to 
1908 in ifimpany with Mr. H. Robinson. The 
results of the Kxpedition were published in 1908-1907 
as a series of reports on the zoological and anthropo- 


logical results of the expeditions under the title 
Fasciculi Malayenses, 

As tin? Superintendent of the Indian Museum Dr 
Annandale worked hard for the improvement of the 
administration of the Indian Museum and was not 
(»nly successful in getting the whole administration 
remodelled, but obtained considerable increase in the 
staff of the Zoological Section. It was dm* to his 
eotitinuoiis efforts that Zcxdogy was pla<'ed on a 
footing of equality with (reology and Hotany, and 
what so far was merely the Zoological and Anthro- 
ptdogical Section of the Mimeiiin hci'ame established 
as one i»f the great seientiffc research departments 
of the Imperial (fovernment lienee forth called the 
Z(H>logical Survey of India. 

Annandale was first and foremost a student of 
animal ecology and, Ihcreforc, a field naturalist, hut 
as the head of a great Museum he had perforce to he a 
taxonomist, though even as such he was not what is 
generally termed a “ mere systematist. His own 
.systematic work ranged over an imhiially wide field. 
Freshwater Sponges, UoclentiTatcs, Polyzoa, .Mollii.sca, 
.Marine (’irripcdcs, Insects, Fishes, Hatrachia, 
Mammalia, etc., were alJ taken up by him at one time 
or another, and the large list of his published papers 
bears full testimony to the pioneer work which he did 
in all the.sc^ sections. 

He was a very active fnemher of the Indian 
Science Congress As.soeiation from its very start and 
of the Asiatic Society of Bengal; the latter institution 
owes a great deal of its rejuvenation to his short term 
of presidentship. Twice he was the President of the 
Zoology section and in 1924 the general President of 
the Indian Science Congress. Just before his death 
hi.s name appeared on the list of those nominated by 
the Council of the Royal Society for election as a 
fellow of the Society, but unfortunately his formal 
election as a fellow had not taken place before his 
sudden death occurred on the 10th of April 1924. 
He was made a Companion of tlie Indian Empire in 
recognition of his services to Indian Science. 

Sir M. 0. Forster, Benares (1925) 

Sir Martin Onslow Forster born on the 8th Nov- 
cmlxir 1872, wa.s educated at Finsbury Technical 
College and then at Wurzburg University, where he 
came in contact with the galvanic " personality of 
Emil Fischer who left his indelible impressions on 
him, and whose memorial lecture he was ffttiogly called 
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upon to deliver by the Chemical Society, Ixindon, in 
1920. He was the (Jranvillc Scholar of the London 
University in 1899 and later he occupied with dis- 
tinction the i>ost of Assistant Professor of Chemistry 
at the Royal College of Science. In 19L'S the 
Loiigstaff medal of the C’hemical Society was aM'ard- 
cd to him, in fitting recognition of his contribution to 
chemistry. 

Besides being a chemist of great repute, he exhibit- 
ed his organising abilities and social virtues by serving 
the Chemical Society, London, as its treasurer 
(1915-22) and bon. secretary (1901-10), and the 
Indian Science Congress Association as its pn'sidcnl 
in 192.5. 'I'lie highest recognition of liis scientific 
and administrative abilities was his appointment as 
the Director of the Indian Institute of Science, 
Bangalore, in November 1922. He held this post 
for over a deeade with great distiiicti<m both in point 
of social harmony and aeadt'tnie effici<‘ney. 'i'his is 
specially ])raiseworthy in consideration of the dis- 
quieting atmos))here at the Institute both iK'forc and 
after his regime. 

He has made outstanding eoiitributions to the 
chemistry of the Iriazo compounds and of com pounds 
of the camphnne serhs, lolaliing over a hundred 
papers, most of which have been eharacteri/ed by a 
high order of accuracy and critical outlook. 

Among his various public addresses his St real field 
memorial lecture delivered recently in Kngland and 
his Presidential Address to the Imlian .Science Con- 
gress at Benares in 192,5 mark him out to be a rare 
coinbiriatioii of an emineiil scientist and a great 
literary scholar. 

Sir Albert Howard, Bombay (1926) 

Howard was born on December 8, 1878 and edu 
ealed at the Boyal College of Science, London, and 
St. John’s (’ollcge, Cambridge, of which he iHcanie a 
Koundation .'scholar. He took First Class Honours 
in Natural Science 'friims in 1898, his B..\. in 1899 
and M.A. in U)02. He was appointed Mycologist and 
Agricultural Lecturer, Imperial Department c»f Agri- 
culture for the West Indies (1899-1902) and Botani.st 
to the South- Kastern .\grieultural (k)llegc, Wye 
(1908-5). Howard served as the Imperial Keonomic 
Botanist to the Government of India during 1906-2'J'. 
Subsequently he became Director of the Institute of 
Plant Industry, Indore, and Agricultural Adviser to 
States in Central India and Rajpiitana (1924-81). 


Howard’s scieniifit* contributions are considerabh*, 
and his publications intrude Crop Production in India 
(1924), The. Development of Indian Agriculture 
(1928), The Application of Science to Crop Produc- 
tion (1929), The ICaste Products of Agriculture 
(1981). He has also published numerous papers on 
lM)taiiical and agricultural scietur in various journals. 

As a recognition of his scholarship and meritorious 
service, the Government of India made him a C.I.K. 
in 1914 and conferred on him a knighthood in 1981. 
He was elected a Fellow of the Liiuiean Society and 
Honorary Secretary of the British Science Guild, lie 
presided over the general Innly of the Indian .Science 
(’ongress in 1921) held at Bombay. 

Sir J. C. Bose, Lahore (1927) 

Born on November 80, 18.58, .Sir .lagadis (’handra 
Bose was eduealt^d first at tin* Hare School, (‘alcutta, 
and then at the St. Xavier’s College, Calcutta, whence 
he look his B..V. degre<*. 'riiereafter he sailed for 
London with the intention of studying medicine; but', 
due to ill health, he gave up tin* mi'dieal eourst* and 
entered the Christ’s (’ollcge, (’ambridge, where he 
won a Natural Science .Scholarship. He obtained the 
(’ambridge degree in Natural Science Tripos and the 
London degree of B. .Se, about the same tinn*. 

On his ndiirti to India, he was appointed officiating 
Professor of Physics in the Presidi nev (’ollcge, where 
he proveil himself to be such a sueeessful teacher 
that he was eoiifirmed in bis post in tin* Indian F.du 
eational Serviei*. It is here that he started .bis re 
s<*arcb work in wireless communication, which was 
engaging the attention of tin* scientific world at the 
time. Then followed a long fruitful career of scientific 
iiivt*stigations, which began with physics, pa.ssed on 
to the response of plant tissues ninh'r different kinds 
of stimulation and of their similarity with that by 
animal tissues, and finally ended in plant- physiology. 

Bos»*’s name reached far and wide. 1 le was invited 
by the Inlernalioiial C’origress of Physics arranged at 
the Paris Kxhibition in 19()0, where he gave and 
demonstrated the results of his inv(*stigations on the 
” Response of Inorganic and Living .Matter.” 'Phis 
cstabli-shed his reputation as the explorer of an entirely 
new field in sc ience. 

Honours began to pour on him from all parts of 
the world, and Bose was invited to lecture on the 
results of his investigations, and demonstrates them at 
various intellectual centres, in the Eaal .ind the West. 
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Hr wn.s rirrtrd a Frilaw of tlir Royal Sorirly in 
Hr was a inrrnhrr of tlir [ntrrimlioMal C’oio- 
initlrr of ltit(‘llrrliial Cooprration of Ihr Lt'agiir of 
Nations, and a iririnbrr of many Irarnrd sorirtirs. Hr 
was llir rrripiiMit of honorary dr^rrrs from nimuTous 
univrrsilirs. Hr |)rt‘si(ird ov»-r thr Indian Sririnr 
(’on;*:rrss in 11)27, Indd at Lahore. Mosr (lied on 
November 2.*L 1J);17 of heart- failure. (For a fuller 
aeeourit of his life and seieutifie works, vide our 
Deeember 1!).‘{7 issue pp. .MH IS.) 

Dr John I.ionel Simonsen, Calcutta (1928) 

John Lion<‘l Simonsc ii, born on 22nd .January 1881«. 
reeeived his ediiealion in Maiiehrsler Grammar Sehool 
and L’niversily. After graduation in 1J)0L he .seeiir 
ed the Sehuek Researeh Fellowship in li)()d and his 
doetorate in 1901). 

His ehemieal eonlribiitions lie mostly in the field 
»»f Terpenes amongst whieh the isolation' of nr-lhujene, 
(//-sabiiieiu , J) and !• c'ari'nes, /in^iberiiie, a- and p- 
eureumeiies and lnn^<:ifolene from natural sourees and 
the synthesis of homi)ler})enylie, terpenylie and Uuvbie, 
umbelluarie and non-earophyllenie aeids deserve spe- 
eial mention. 

He rendered valuable serviees during;* the initial 
sta^'e of th(‘ foundation of the Indian Seieiiee ('on- 
^ress and acted as its s«‘eretarv in 1917 and as its 
president in U)2S. During- the years 1910 1919 he 
was the professor of eheinistry in the Fresideiiey 
Collef^e, .Madras. He was one of the ehemieal 
advisers of the Indian Munitions Hoard in 1919 and 
beeame Forest ('hemist at Debra Dun in the saim* 
year. He served as the Professor of Organic C’he 
mistry in the Indian Institute of Seienee, Bangalore, 
during the period 192.‘i 27. 

His serviees as a eluMuist in India secured for 
him the Kaiser-i-Hind Medal iti 1921, and subse- 
(piently the Fellowship of the .\sialie Society of 
Bengal. 

He was appointed Professor «d' (’hemistry at 
Bangor, North Waless soon after whieh he published 
the very useful book. The leriunvs in two volumes. 
'Phe fellowship (»f the Royal Society came to him in 
19;i2 as the crowning recognition of all his labours 
in the field of terpenes. 

Sir C. V. Raman, Madras (1929) 

Sir (Miandra.sekhar Venkata Raman, the oidy Nobel 
]..Hureate in Physics to the east of Suez, was bom on 


the 7th November, 1888, near the town of Trichino 
poly. He had a uniformly brilliant aeademie career. 
He passed the ^fatrieulation examination when he was 
barely twelve years of age. After two years of study 
at V^izagapatam he passed the First Arts examination 
obtaining a first class. He api)eared at the B.A 
(examination fnnn the Presideiiey Colh^ge, Madras, and 
was the oidy man to obtain first class honours in 
Physics. The. tw(» following years of post-graduate 
study eonstiliit(Ml the most fruitful period of his 
eolh'giate life. Here he had the oi)[)ortunity of plung- 
ing fiimself wholly into the study of Physics and 
naturally he was led to the study of a(‘ou.sties. His 
first original contribution during these two years was 
on the asymimdrieal diffraetion bands due to an obli(pi(‘ 
slit. In the ^^.4\. examinatiofi he obtaint'd exeet'dingly 
high marks beating all [>ast revords. This was soon 
followed by his .securing the highest place in tlu* com- 
petitive examination for the Indian Finanee Servie(\ 

Raman hft Madras for ('aleutta in .lime 1907 to 
join the Finanee Departmeid as an enridled officer. 
He continued to serve* this departnu'ut for ten years 
till 1917, when In* gave* u)) the liu*rative* job for a 
professorshi)) in Physics feir whi(*h he was inviti*d by 
Sir .\sutosh .Mookerjee. But even when under the 
yoke* of si rviei* his unHaggiug zeal and ind(*fatigable 
energy kept him busy in «*arrying out seit*ntifie in 
M'stigations in the leasure hours. When in (’aleutta 
this was greatly facilitated by the existen(*e of the 
Indian .Association for tin* Cultivation of Seienei*, tin* 
laboratory of whieh was kept specially open for him. 
His work at that time dealt mostly with the study 
of vibrations and ti >* theory id’ Indian musical instru- 
nu'iits. 

.After acce pting the- Palit pre»fessen*ship e>f pliysies 
ill the* Cnive*rsity CoIlt*ge‘ e»f Se*ie*nee*. Raman took 
the* i*ause of establishing for Calcutta University a 
reputation as a good centre of researeh in physics. 
His re*.seare*h ae*livitie s soon (*xte‘nde*el beyond the bounds 
of the Palit Laboratory and he began to eondiiet the* 
major portion eif his inve*stigations in the* Inelian 
.A.s.soe'iation for the Cultivation of Seienee, of whieh 
he beeame later the honorary secretary. 

In 1921, ho was nominated as a delegate of the* 
University of Cab'iitta to the Congress of the Uni- 
versities of tlie British Fmpiri* and he went abroad 
for tlii^ first time. He was invited to give a di.s- 
eourse on his optical and acoustical researches before 
the Physical Soc*iety of London. On his return to 
India he published an essay on ‘ the moJeeular 
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diffraction of light/ This was followed by a series of 
valuable theoretical and experimental researches on 
scattering, the crowning success of which was yet to 
come. 

By this time honours had beg^n to pour on Raman. 
Early in 1922, the degree of D.Sc., honouris Causa, 
was conferred upon him by the Calcutta University. 
He was twice elected the president of the Physics and 
Mathematics Section of the Indian Science Congress. 
The next great recognition was his election to the 
fellowship of the Royal Society of London in 1924. 
He was invited by the British Association for the 
advancement of science to inaugurate a discussion on 
the scattering of light at its Toronto meeting. Almut 
the same time he was awarded a Ghosh travelling 
fellowship by the Calcutta University and he made an 
extensive tour tlirough America, representing Calcutta 
University at the centenary of the Franklin Institute 
at Philadelphia. He was invited by Prof. Millikan to 
accept a visiting professorship of the California 
Institute of Technology. In 1925 he was again 
called out of India as a lecturer in the Mendcleff 
Congress. 

In the following years, in collaboration with junior 
workers specially Krishnan he carried out a long scries 
of investigations on optical anisotropy, magnetic 
anistropy, magnetic birefringence, etc. But his interest 
always centred round the problem of scattering of light 
which culminated in his monumental discovery, in 1928, 
of what he called ‘ a new radiation ’ produced in the 
process of scattering. 'Phis discovery has since Wn 
named in his honour as ' Raman Effect.’ 

Further honours were showered upon him. He was 
elected general president of the Indian Science Con- 
gress in 1929. During the same year he was knighted 
and was awarded the Matteucci gold medal by the 
Italian Society of Rome. In 1980 he was awarded the 
Hughes gold medal by the Royal Society of London. 
To the glory of the University of Calcutta that 
nurtured the genius of Sir C. V. Raman he achieved 
the highest scientific distinction by winning the Nobed 
prize in Physics for 1980. 

Sir C. V. Raman continued as Palit Professor and 
head of the Physics Department of the University of 
Calcutta up to 1982, when the post of Director of the 
Science Institute at Bangalore was offered to him. 
Sir C. V .Raman is the first Indian Director of the 
Institute, of which he is now the head of the Physics 
Department. He presided over the Indian Science 
Conjgress in. 1929. 


Sir Richard Christophers, Allahabad (1930) 

Sir Richard Christophers was born on the 27th 
November, 1878. He received his medical education 
at Liverpool University, where he took the degree of 
M.B., Ch.B. (Viet.) with first class honours in 1896. 
He also held the Holt Scholarship for Pathology. 

During the period 1898-1902 he was a Member of 
the Royal Society and Colonial Office Commission on 
Malaria in Africa and India the results of which were 
communicated in a .series of reports by himself and 
Professor J. W. W. Stephens. 

Christophers entered the I.M.S. in September 1902. 
He was Superintendent of the King Institute of Pre- 
ventive Medicine and Professor of Hygiene and 
Bacteriology, Medical College, Madras, in 1904. He 
was placed on special duty during 1907 and 1908 for 
an inquiry into Blackwator fever in the Dooars, and , 
in 1909 was sent to investigate the cau.ses of the 
great malaria epidemic which had visited the Punjab 
in 1908. 

From 1910 to 1922 he was in charge of the Central 
Malaria Bureau, with a breach from 1915 to 1919 
when he was on Military duty, chiefly in Mesopotamia. 

From May 192 1 to June 1925 he was Director of 
the Kala-Azar Commission and from June 1925 to his 
retirement from the servi(‘c in 1982 he was Director 
of the Central Research Institute, Kasauli. 

Since his retirement from the Indian Medical 
Service he has been engaged in important research 
work connected with malaria at the London School of 
Hygiene and Tropical Medicine. 

Of his numerous scientific publications perhaps 
the most notable are the Reports to the Malaria Com- 
mission of the Royal Society mentioned above; contri- 
butions to the Scientific Memoirs by officers of the 
Medical and Sanitary Departments of the Government 
of India, wliioh included an account of his work on 
Leucocytozotm canis and his report on Black water 
Fever in the Dooars, Malaria in the Punjab and 
Malaria in the Andamans; and the volume of Anop- 
heline Mosquitoes in the Diptcra section of the 
Fauna of British India. Christophers has been 
recipient of many honours, including the C.I.K. (1915), 
O.B.E. (1918) and the F. R. S. (1926). He was 
knighted in 1981. He presided over the Indian 
Science Congress held at Allahabad in 1980. 

Lt-Col. R. B. Seymour Sewell, Nagpur (1931) 

Bom at Leamington, Warwickshire, England, in 
1880, Lt.-Col. R. B. Seymour Sewell was first educated 
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at Cleveland Hoii.se School. At H, having gained an 
entrance .scholarships he went to Weymouth College 
and in 1899 i)rocceded to Chri.st’.s College, Cambridge, 
where he held an Exhibition Scholarship for live 
years. In 1902 he gained first Clas.s Honours in Part I 
of the Natural Sciences Tripos mid in 1908 a ‘ Double 
First’ in Anatomy and Physiology in Part II and was 
awarded the Darwin Re.search Prize. From 1908- 
1906 Sewell was a Junior Demonstrator in Anatomy 
and Phy.siology in the University Lalmratories but in 
1906 he entered St. Ilartholoniew's Ho.spital. having 
gained the. Shutcr Scholarship, and the following year 
was awarded the Matthew Duncan Prize; he qualified 
in 1907, taking his M. It. C.S.; and three 

months later passed into the Indian Medical Service. 
He came out to India in September, 1908, and at the 
(‘onclnsion of the necessary two years’ Military S«‘rvice 
wa.s appointed Surgeon-Naliiralist to the Marine 
Survey of India, joining the It.I.M.S. “ Investigator” 
in September, 1910. At the close of the. survey-season 
1910-11 S«*wi‘ll proceeded to Calcutta to the Indian 
Museum, to work up his collections and thus coin- 
mcnccd a (‘onncction that was to continue to the end 
of his service. In Dcccinbcr, 1911, he was appointed 
to ofTiciatc a.s Professor of Biology in the Medical 
(\illege, Calcutta, and held the post till June, 1912, 
when he reverted to his appointment of Surg<‘on 
Naturalist. In 1918 he attended the International 
Congress of Zoology at Monaco and was appointed 
Vice-President of the Section of Oceanography. At 
the commencement of the War in 191 i Sewell wa.s on 
leave in England, but he was at once recalled to India 
and was appointed Medical Officer to the 28 rd Sikh 
Pionccr.s, then mobilizing for active service. 

In May, 1918, Sewell was invalided baek tt» India 
and on his recovery was sent up to Bikaneer to take 
Medical c-harge. of tlie 1/1 list Bikaneer Regiment, 
Shortly after the signing of the Armistice, Sewell was 
appointed to act as Superinlendeiit of the Indian 
Museum during the absence on leave of Dr Stanley 
Kemp; and on Kemp's return to India in 1920 Sewell 
reverted to his original post of Snrgeon-Naturalisl and 
rejoined the Marine Survey, eontiiiiiing to .serve on 
the “Investigator” till 1925, when he wa.s appointed 
Director of the Zoological Survey of India in .succes- 
sion to Dr N. Annandale, who had died the previous 
year. Sewcdl held this appointment for eight years. 
During this period he was President of the. Zoological 
Seelioii of the Indian Science Congress in 1927 and 
of the Anthropological Section in 1929, in which year 


he wa.s granted the degree of Doctor of Science of 
Cambridge University; in 1980 he was elected Presi- 
dent of the ftoyal Asiatic Society of Bengal and in 
1981 was President of the Indian Science Congress at 
Nagpur and wa.s appointed by the Viceroy to be Cliair- 
man of the Quinquennial Review'ing Committee of the 
Indian Institute of Science, Bangalore. 

In 1982 Sewell was awarded the Berkeley Memo- 
rial Medal by the Royal Asiatic Society of Bengal. 
In 1988, Sewell was awarded the C.I.E., and w'as 
later appointed by the Secretary of Slate for India 
to l)e Editor of the Fauna of Brithh India in .siieecs- 
.sion to the late Lieut.-Col. J. Stephenson. ’Fhe 
John Murray Expedition to the Indian Oeeaii sailed 
from Alexandria in His Egyptian Majesty’s .ship 
“ Mabahi.ss " early in September, 1983, and was away 
f<ir nine months. During this period Sewell was 
eleele<i a Fellow of the Royal Society, London. On 
the return of the Expedition in 1981! Sew'ell settled 
ill (’amliridge, and was elected a Member of Coimeir 
of the Marine Biological A.s.soeiation, Plymouth, and 
of the Linnean Society, London, becoming one of the 
V’iee- Presidents of the latter Society in 198(>. In the 
same year he, had tht‘ honour of being elected a 
Corresponding .Member of the Academy of Natural 
Seicnees, Philadelphia, U.S.A. 

Professor S. R. Kashyap, Bangalore (1932) 

Profes.sor Shiva Ram Kashyap was born at 
J helium on November (>, 1882, of a family which liad 
a brilliant record of military .services to its credit. 
After matrieiilating in 1899 from the Punjab Uni- 
versity, In; joined the Medical College, at Agra. While 
a .student there he passed the Intermediate Examina- 
tion in Seienee of the Punjab University, in which he 
lopped the list of sueee.s.sful candidates. Refusing 
a Univer.sity Scholarship, he pursued his studies in 
met^Hine and obtained his Medical Diploma in 1901, 
.standing first in order of merit. He then joined the 
United Provinces Medical Service. In 1900 while 
he wa.s still in the Service he appeared at the B.Se. 
Examination of the Punjab University and repeated 
Ills brilliant career by coming out at the top of the 
successful candidates once more. The same year he 
resigned his medical service and took up the post of 
an Assistant Profes.sor of Biology at the Government 
College, Lahore. He took his M.Sc. degree in Botany 
in 1909, being first in the first class. He was awarded 
for his brilliant success the much-coveted Arnold and 
MacLagen Gold Medals of the University. In 1910 
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he went to Cambridge where he look two years later 
the honours degree in the Natural Science Tripos. 

On his return to India, Kashyap wa.s appointed 
Professor of Botany in the Government College, 
Lahore, in the senior grade of the Provincial Educa- 
tional Service, and in 1920 w'as promoted to the Indian 
Educational Service. In 1919 he was appointed the 
University Professor in Botany, which post lu‘ held 
till his death in UKlk 

Honours and distinctions came to him thick and 
fast. In rccikgnition of his scholarship and servitrs 
to the cause of science, the (iovcrnmcnt honoured him 
with the titles of Kai Sahch (in 1920) and Hai 
Bahadur (in 1929). In 19.‘t.‘t, the University of 
Punjab confern'd on liim the honorary degree <»f D.Sc., 
he being the first recipient of the degree from the 
University. He was the first Sc< rctary of the Indian 
Botanical Society, of wliich later on in 1925 Iw, heeame 
the l^resident. He was cleete<l a Fellow of the 
National Institute of Scieiiees of India just before bis 
death in 19.M1<. 

He was an original investigator in the field of 
Botany, and as sueh enjoyed an international rt'pitta 
tion, the value of his r<*senrehe.s being reeognized bolb 
in India and abroad. He <‘oiitribul<*d many valuable 
))Hpers on various groujis of the vegetable kingdom, 
the most remarkable among them being those on tlic 
sexual generation of Eqahetum, the Liverw<»rts of the 
Western Himalayas, and the flora of Tibet. 

Professor Kashyap was no <h)uhl a pioneer in I he 
realm tif Botany, and can truly be saiil to Ik* the 
father of the Iiuliaii S<‘hool of Botany. He. turned 
out (piilc H iiunihcr of scholars in Botany, sonic of 
whom have achieved distinction in tin; fichl. 

Professor Kashyap presided over the g(*ncral ImmIv 
of the Indian Science (^ongrcs.s held at Bangalore in 
19iP2. 

On November 2(), I9.‘U, while working in his 
laboratory, he suddenly got ill and dieil in less than 
an hour, at the comparatively early age of 52. It can 
be said of the Professor that tliough he did not die 
full of years, he died full of honours (For a fuller 
account of his life and work, vide Science and Culture, 
Vol. I, pp. .-{8-42). 

Sir Lewis Leigh Fermor, Patna (1933) 

Sir Lewis L. Fermor was born in London on Sep- 
tember 18, 1880, and entered the Royal College of 


Science M'itli a National Scbolarsliip in Physics and 
Chemistry, also obtaining the second place in the 
Honours list of the London Matriculation. Winning 
the Murchison Medal in Geology, lie graduated 
A.ILS.M. in Metallurgy in 1 . 901 . In October 1902 
he joined the Geological Survey of Imlia as Assistant 
Superintendent. In 1900 lie took the B.Sc. (London) 
hy research and D.Sc., in 1909. He became the 
Director of the Geological Survey in 19.‘12. 

Sir Lewis is the author of numerous papers 
in Indian Geology- mainly on tin; manganese deposits 
of India and the rocks in which they occur, field-work 
which resulted in his inoiiumcnlal four-volume memoir 
on the “ Mangancst* Ore Dt'posits of India.” He. 
co]iabo.**at(‘d with Sir 'riiomas Holland and Sir Henry 
Hayden in the (juiiupunnial Review of the mineral 
produ(‘tiori of India for the periods 1901-1908 1909- 
19L‘l and contributed llie artij-lcs on manganese in the 
Mieeeedingf^ueiupiennial Reviews for the periods 1914- 
1918, 1919-192:1, and 1921-1928. As Director, Sir 
Lewis compiled the Annual Uevit'wsof the Mineral Pro- 
duction of India for the years 1921, 192 I, 1927, 1929, 

1 950, 19.‘12 and 19:15 and the (ieiieral Ke})(»rts of the 
Geological Survey of Imlia for 1921, 1950, 1951, 
1952, 1955, and 1951. 

As repn sentative of the (h>\ eminent of India Sir 
Lewis attendi'd the InltTuational (bsilogiea) ('oiigresses 
ill Sweden (1910), ('anada (1915), Spain (1920), and 
South Africa (1929), and was editor for the volume 
oil Asia of the Iiiternational Lexicon of Slraligrajihy 
preparc il by the Congress. 

Ill l!M)f) he was awarded the (jovernineiil of India 
Pri/.e and in 1917 tlie Silver Meilal of the Institute, 
Sir Lewis has been Vice President of the A.siatie 
Society of Bengal, its President and also the first 
President of the National Institute of Sciences of 
India. He was pnsiihnt in 1919 of the Section of 
Cicology of the Indian Seienee Congress, and in 
1952-55, President of the whole Congress. He is also 
a Founder- member of the Himalayan Club and was its 
Vice- President in 1951 and 1952. 

Outside India Sir Lewis is a Fellow of the Geo- 
logical Society of I^ondon, llie Biology Medal of wdiieh 
wa.s awarded to him in 1921, a mmiiber of the 
xMineralogieul Society and of the Institute of Mining 
and Metallurgy, and a Fellow' of the Royal Society. 

Professor M. N. Saha. Bombay (1934) 

Professor M. N. Saha wa.s born on tlie 6th OetolaT, 
1893, in a .small village in the district of Dacca, 
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Bengal. He matriculated from a school in Dacca and 
passed the Intermediate Examination in science from 
the Dacca College^ with great distinction in 1911. 
He then joined the Presidency College^ Calcutta, and 
had among his teachers two of the most illustrious 
professors of the country, Sir J. C. Bose and Sir 
P. C. Ray, from whom he derived great inspiration. 
Although mathematics was his favourate subject in 
which he took his B.Sc. Honours (1913) and M.Sc. 
(1916) degrees, both with distinction, he was very 
intimate with these professors of Physics and Chemis- 
try, and his close association with them brought to 
bear greatly on his future activities. 

Soon afterwards Saha was appointed a lecturer in 
physics and applied mathematics in the newly founded 
post-graduate department of the Calcutta University, 
which had been just reorganized by Sir Asutosh 
Mukerjcc. At this time, he turned to original re- 
search. The first contribution which- he made indepen- 
dently, was on * the limit of interference in a Fabry- 
Perot interferometer,* and in course of two or three 
years he gave good account of his innate capacity for 
original thinking. He was elected to the Prcmchand 
Roychand studentship in 1919 and in the same year 
was admitted to the D.Sc. degree for his highly meri- 
torious thesis on *A new law of electrical action,* 
Soon afterwards he took to the study of Astrophysics. 
His interest first centred round the long-standing pro- 
blem of the spectra of the high level chromosphere of 
the sun. He showed from purely thermodynamical 
consideration that at the high temperature and low 
pressure in the high level solar chromosphere the 
atoms are mostly ionized, and this explains the pre- 
valence of enhanced lines in their spectra. Thus he 
laid the foundation of his monumental work on the 
theory of thermal ionization, which was at first applied 
to the case of the solar chromosphere and was after- 
wards extended to the case of stars in general. 

In recognition of this notable contribution Saha 
was awarded a travelling fellowship by the University 
of Calcutta, in 1920, which enabled him to come in 
contact with the eminent scientists of the West, The 
Griffith Memorial Prize was awarded to him in the 
same year. He proceeded to the Imperial College of 
Science, London, where he explained, from the view- 
point of bis theory of thermal ionization of atoms, the 
exprimental evidences of various degrees of ionization 
in stellar atmospheres obtained by Prof. Fowler and 
others, and thus established his work on the theory 
of stellar spectra. 


On his return to India in 1921, Saha was offered 
the Khaira Chair of Physics, which post he occupied 
for two successive years. Here he commenced experi- 
mental researches in order to verify his theory and 
also initiated research in other subjects in collabora- 
tion with junior workers. Greater facilities for his 
ever-expanding rc.search activities came in his way 
when he joined the Allahabad University, in 1928, 
as head of the department of Physics, and opened 
there a new school of physical research. 

New honours now began to pour in on Prof. Saha. 
He was elected to preside over the deliberations of 
the Physics and Mathematics Section of the Indian 
Science Congress in 1926, of which he became the 
general president in 1931. In 1927, he was elected 
to the .signal honour of Fellowship of the Royal 
Society of London in recognition of his famous work 
on the theory of Stellar Spectra. He was invited 
to represent India at the International Conference of 
Physicists held in Italy in 1927, in connection with 
the Volta Centenary, where he gave an illuminating 
discourse on Comj)lex Spectra. He aci'ompanied the 
total Solar Eclipse Expedition to Norway, where many 
of the chromospheric lines predicted by him previously 
were discovered. 

Saha*s other contributions have been ehiefiy on 
selective radiation pressure, active nitrogen, spectros- 
copy and atomic and molecular structure, colours of 
inorganic salts, Dirac*s theory of the electron, etc. 
Of late, he has interested himself in problems relat- 
ing to the upper atmosphere and has thrown much 
light on the subject. In 1935, the Carnegie Trust 
of the British Empire elected him to an overseas 
fellowship. He went on tour through England and 
the Continent where he kept himself busy in intensive 
study and in important discussions with the eminent 
scientists on problems relating to the upper atmos- 
phere. He attended the International Conference on 
Nuclear Physics at Copenhagen, and took active part 
in the discussions. Thence he proceeded to America 
to attend the Tercentenary Celebration of the Harvard 
University, and spent a long time in carrying on im- 
portant investigation in the Harvard College Observa- 
tory. 

Saha has been instrumental in bringing into ex- 
istence several scientific societies in India, the most 
notable of which are the National Academy of 
Sciences (U.P.) of which he was the founder-presi- 
dent, the Indian Physical Society and the National 
Institute of Sciences of India of both of which he is 
the present president. 
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Saha's activities are not confined within the bounds 
of his laboratories alone. His extra-academic activi- 
ties in the application of scienctific knowledge to the 
cause of national welfare arc well known. In the 
columns of this journal, which is the organ the 
Indian Science News Association, started mainly 
through his endeavours in 1936, and also else- where, 
he has repeatedly pointed out the pressing problems 
of national welfare, to which the attention and efforts 
of scientific specialists in India might well be directed. 
He has also frequently brought much pressure to 
bear upon the Government to take wise and bold steps 
and collaborate more freely with scientific specialists 
in India, for the amelioration of the wretched condi- 
tion of his motherland. 

Dr J. H. Hutton, Calcutta (1935) 

J. H. Hutton was born in 1885 and educated at 
Chigwell School and Worcester College, Oxford, where 
he took his B.A. in 1909 and his D.Se., in 1921. lie 
entered the Indian Civil Service in 1909 and W'as 
posted to Eastern Bengal and Assam. From 1912 
to 1918 he served in the Naga Hills as Assistant 
Commissioner, as Subdivisional Officer, Mokokchung, 
and as Deputy Commissioner. He was on special 
duty as Political Officer during the Kuku Operations 
of 1918-19, and in 1920 W'as awarded the C.I.E. for 
his services in that capacity. With short intervals 
of leave he served us Deputy Commissioner of the 
Naga Hills from 1920 to 1929, wdicn he went to 
Delhi as Census Commissioner for India. 

He was Honorary Director of Ethnography for 
As.sara from 1920 to 1930, and Census Commissioner 
for India during 1929-33. Dr Hutton officiated as 
Chief Secretary for Assam in 1935, and on his rctin*,- 
ment from the Service in the following year, he was 
appointed lecturer in the Department of Archaeology 
and Ethnology at Cambridge. In 1937 he was elected 
William Wyse Professor of Social Anthropology at 
Cambridge. Besides his Report on the Census of 
India, 1931, he has published two monographs in the 
Government of Assam’s tribal scries on the Angami 
and on the Serna Nagas. He has contributed intro- 
ductions, notes etc., to several oilier volumes of that 
series, and has written grammars of the Serna and 
Chang Naga languages, not previously reduced to 
writing. He has also contributed a number of papers 
and articles to the Encyclopaedia Britannica, to Man, 
and to the Journals of the Royal Anthropological 
Institute, the Folklore Society and the Asiatic Society 


of Bengal. In 1929 he was elected a Fellow of the 
latter Society, having been a member .since 1923. He 
has made occasional contributions to other periodicals, 
including Antiquity and the Journal of the Royal 
Asiatic Society, He presided over the anthropological 
section of the Indian Seieiiee (’oitgress at Lahore in 
1927 and over the whole Congress in 1935 held at 
Calcutta. He was awarded the Rivers Memorial 
Medal by the Royal Anthropological Institute in 
1929, and the silver modal of the Royal Society of 
Arts in 1931. He was elected a Correspondent of 
the Anthropologisehe Gesscllscliafl of V^ienna in 1931, 
and an Honorary Member of it in 1931*, on account of 
his contributions to the study of anthropology. 

Sir U. N. Brahmachari, Indore (1936) 

Sir Upt'ndranath Brahmaehari was born on the 
7th of June, 1875, in Jamalpur. He took his B.A., 
degree from the Hooghly College in 1803 w’herehow'as 
awarded the 'J’hwyates Meilal for standing first in 
Honours in Mathematics. He studied medicine and 
chemistry simultaneously and took his Master’s degree 
in the latter subject in 1891' from tbc Presidency 
College, in the first class obtaining the University 
Silver Medal. He passed the M.B. Examination in 
1898, standing first in Mtdieine and Surgery for 
which he W'as awanied the Gooileve and ^fcLood's 
Medals. Ho jiassed the M.I). Examination in 1902 
and obtained the Ph.I). degret; in Physiology in 1901*. 
Sir Upeiidranalii was a Coates Meilalist and w'iniier 
of the Griffith Memorial l*rize of the Calcutta Univer- 
sity, a Minto Medalist of the Caleiilta School of 
Tropical Medicine, and Sir William Jones Medalist 
of the Asiatic Soeiel v of Bengal, 

He W'as aj)pointe<i teacher of Pathology and 
Materia Afediea in the Dacca ^fedieal School, ami 
was subsequently appointed tt^aeher of Medicine in the 
C’ampbell Medical School, Calcutta, which post he 
held for 20 years with great distim-tion and credit. 
It was here that he carried on most of his re.searelies 
in Kala-ajsar and made his numuinental discovery of 
l/rea Stihamine, 

Sir Upeiidranath has won for himself an inter- 
national reputation as a researeh-w'orker. Since the 
beginning of hi.s oflieial career be carried on extensive 
researches in connexion w'ith tro])ieal diseases such as 
Kala-azar, Malaria, Blackw'ater fever, etc. He has 
also made contributions in Chemistry. His most out- 
standing work is, however, the discovery of Urea 
Stihamine, an organic antirnonial which stands to-day 
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pre-eminent in the treatment of and campaign against 
Kala-azar and has deprived the disease of its 
terrors His Treatise on Kalu-asar is tlie premiet- 
work on llie subject. In 192(5 he wrote the chapter 
on Kala-azar in Dr Carl Mense's Handbuch der 
Tropen-krankheiten. 

Sir Upendranath has i>cen the recipient of numer- 
ous honours. He has been the Vice-President of the 
Asiatic Society of Bengal, Indian Association for the 
Cultivation of S<'ience, National rnstilute of Sciences 
of India and President of the Indian Chemical S<u*i<*ty, 
of the Indian Committee, International Society of 
Micro-biology, and of the general Inxly of the Indian 
Science C’ongress in iJi.Sti. He is a P’ellow of the 
Royal Society of Medicine. 

Rao Bahadur T. S. Venkatraman, 
Hyderabad (1937) 

Horn on the .‘tOth June ISSI, Venkataraman was edu- 
cated in St. Josepli’s Collegt*. 'rrichinopoly, and Presi- 
dency College, Madras. After graduating in Madras 
University, he joine<l tl»e servi<e of Madras Agri- 
cultural Department in 1907, as Assistant to 
(foverninent Kconoinit Botanist. On the establish- 
ment of the lm])(‘ria] Cane Hre<‘ding Station in UH2 
he came over with Dr Barber as his Botany 
Assistant. He was })romoted to (.’lass If Service, 
in 1918, and was appointed Otheiuting Sugarcane 
Kxpert in Hu- following year on Dr Barber proc<*ed 
ing on leave preparatory to retirement. l*romote<l to 
I.A.S. hi 1921, he was eontirmed therein three years 
later. He. has thus been in <‘ontinuous charge of 
the Sugan'ane Station for over 18 years. He was 
created a Rao Sahib in January 1920, a Rao Bahadur 
in January ltt2S and a (M.K. in January 19;i7, 

He wa.s deputt;d to Java in 1929 to attend the 
(.hmveiition of Jnlernational Society of Sugarcane 
Technologists. He was again deputed in 193(5 to 
attend the Fifth Congress of the International Society 


of Sugarcane Technologists in Australia and[ was per- 
mitted to revisit Java during the return journey. 

Rao Bahadur Venkataraman presided over the Agri- 
cultural Section of the Indian Science Congress in 
1928 and was elected General President of the Indian 
Science Congress in the year 19fS7. He is again to 
preside over the Agricultural Section of the Jubilee 
Session of the Congress. He is a Foundation Member 
of the National Institute of Sciences in India and a 
Fellow of the Indian Academy of Sciences, Bangalore. 

He .'s Regional Vice Chairman of the International 
Socicly of Sugarcane 'I'cclinologists and Honorary 
Mcmbi‘r of the South Afri<*an Sugar Techonologists’ 
Association. 

Rao Bahadur Venkataraman is associated from the. 
lieginning with the scientific studies on the develop- 
ment of sugarcane crop in India. Jointly with 
Dr C. A. Barber, he jilayed a jiromincnt part in the 
succc.s.sful raising of seedling cancs in India, the basis 
and foiimiation of all the subsc(pient success in sugar- 
cane brc<‘ding. Besides producing several varieties 
of canes suited to the diUVrenl tracts in India, his 
work on root studies forms an entirely separate chap- 
ter ill the knowledge of sugarcam* root, 'riie inter- 
geiicric hybridization between the sugareane and 
sorghum aehicveil in 1930 and since successfully 
attempted in many stations of the world, was con- 
sidered at the International Sugarcane Conference at 
Porto Navo in 1932 as the outstanding achievement 
of the Congress. In all eroi) breeding work tht^ ex- 
tension of the range and hence increase in number of 
cfiaraclers available for working into the new hybride 
is the real foundation l^f all work. In both the sugar- 
cane and sorghum hybridization and the most recent 
hybridization b<.dween the, sugarcane and the bamboo, 
great advances have been made in the above direction 
to ultimately work entirely new characters into the 
future sugarcane types. 

He presided over the Indian Science Congress in 
1937 at Hyderabad (Deccan). 



Research Institutes 


[/m the last issue we published brief accounts of the 
Oovernrnent Scientific departments, and learned 
Societies in India, In the following pages we give 
similar accounts of the those research insli lutes, the 
adequate information of whose foundation and 
activities was available. We have omitted from this 
the various IndUtn Universities which are now active 
centres of research in different branches of knowledge. 

-Kditor, Sc. Cul. | 

Imp. Council of Agricultural Research 

The lTii23erial Council of Agrieullural Jte.srarcli 
was established in June 102!l on the reeomnitMidalion of 
the Ho^'al Commission on Agrieiilliire wliieli reporh^il 
in 1928. In ehapler HI of their rej)ort the Com- 
mission stated that tlic most important t^rohlem with 
which they iiad been eonfronted was that of devising 
some method of infusing a different spirit on tlie 
whole organization of agricultural research in Imlia 
and of bringing about the realization on the part of 
re.seareh workers in this eouiilry tlial tliey are w'ork- 
ing to an end which cannot be reached unless tliey 
regard themselves as partners in a eomon enterprise. 

The objects of the Council as laid down in its 
Alemorandiim of Association are amniig others: 

(a) To ai<h develoj) and coordinate agricultural 
and veterinary researeli in Imlia by iiromoting seienti 
tic (including technical) research, instruction and 
experiments in the sciciu-c inctliods and practice of 
agriculture (including tlie marketing of agricultural 
jjroducc) and by ]>romoh'i)g veterinary research and 
instruction in veterinary s«-icncc by ihc dilTusion of 
useful information and by such other means as appear 
calculated to dcvcloji agricultural and veterinary 
research. 

(h) To act as a clearing house of information not 
only in regard to research but also in regard to agri- 
cultural and veterinary matters generally. 

(c) To establish and maintain a research and 
reference library in pursuance of the objects of the 
society with reading and writing rooms and to fur- 
nish the same with books, reviews, magazines, 
newspapers and other publications. 

More briefly the Council affords a means for 
mutual co-operation in research for the improvement 


of agriculture for the whole of India in which t‘very 
(y2>c of institution can take part. 

The central organization is divitled into two parts, 
a Governing Body which is responsible f«)r the manage- 
ment of all the affairs anil funds of the Council, 
and an .Vdvisory Hoard, the fuiietioiis of which are to 
examine all projmsals in connection with the seienli- 
fle objects of the Council whieli arc submitted to the 
Governing Hody, to n'porl on their feasibility and to 
advise on any other questions referri'd to it 1)V the 
Governing Hody. 

Hesides the Inqierial Institute of .Vgrieiiltural 
iteseareh at Delhi, the Council has under it three 
suhstntions, r/-.. Hie Iiiqierial Institute, of V'iterinary 
lieseareh at Muklesar, the Institution of Animal 
Xulrition at Izaliiagar, and the Imperial Institute of 
Sugar Technology at Cawnpore. 

Sir Hryee C. Hurt is Hu*, present Viee-ehairmaii 
and Mr. N. C. Mehta the Seeretary, for a review of 
the work done during iy;i()-87 by the ('ouiieil, the 
reader is requested to consult the Noveinher 1987 
issue of Science & Cnllure pf) 2 19-5 1. 

At^art from tlu* initial Jump sum grant of 25 
lakhs the Government of India have been giving an 
annual recurring grant of 5 lakhs for research work. 
'J'hcy have al.so given a special grant of about 11 
lakhs for urgent seliemes of economic importance and 
about rupees 22 J lakhs for the eneouragement of 
siigar-earie cultivation in India, 'riiey arc also giving 
rupees 2 lakhs per niitiuin, for a period of 5 years, 
for j)rovini'ial marketing .selu‘mes. 

The Imperial Council of Agricultural Re.seareh 
issues the following journaI.s and periodicals regularly: 

(1) Agricullurc and Liveslock in India. (2) 
The Indian Journal of Agriciiliural Science. (8) 
The Indian Journal of I’eierinarg Science and Ani- 
mal Ilushandrif. ( !<) Agriculture and Animal Hus- 
bandrif in India. (5) Annmd Report of the 
Imperial Council of Agricultural Research, (li) 
Scientific Monographs and Miscellaneous bulletins. 

The Imperial Veterinary Research Institute 

The Imperial Bacteriological l..aboratory, as this 
Institute w'as first called, was opened in 1890 in the 
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college of sciences at Poona by the Government of 
India for the systematic study of the contagious 
diseases of animals^ such as rinderpest^ anthrax 
Surra, etc. It was removed to Mukteswar in 1892, 
as the climate of Poona was not suitable for the 
finer operations of biological researcli. In 1899 the 
laboratory was completely destroyed by a fire in 
which many valuable records of the previous nine 
years were totally lovSt. Jt was rebuilt in 1902. In 
1904 a short course of instruction in Tropical Veteri- 
nary Science and Serum Therapy was commenced 
for officers of the Army and Civil Veterinary Depart- 
ments. Thus the Laboratory early in its career fulfilled 
the functions of an institution for post-graduate 
training in addition to its research activities. In 
1925 the name of the Laboratory was changed to its 
present title. 

There arc 5 service and 8 llesearch Sections, as 
well as a separate Section for Production and Sales. 
The head of each section is directly responsible to the 
Director who organizers and directs the work of the 
Institute here and at Izalnagar, both on the research 
and administrative sides. The Service Sections arc 
(ij Administration, (it) Veterinary, (Hi) Estate 
(iv) Engineering, and (v) Medical. Tlic llesearch 
Sections are those of (i) Pathology, (it) Serology, 
and (Hi) Protozoology. Active research is carried on 
in these sections, chiefly in connexion with the 
domesticated animals as found in India, particularly 
with a view to providing efficient methods of preven- 
tion. The Institute conducts annually, between 
April and June, a short refresher course which is open 
to all gazetted officers of the Army and Civil Veteri- 
nary Departments and other veterinary graduates 
who possess a working knowledge of biology and 
pathology. Lectures are delivered in bio-chemistry, 
pathology, batderiology, immunology, protozoology, 
helminthology and entomology, and j^ractical instruc- 
tion is given in the different laboratories and sheds 
attached to the Institute. In addition, post-graduate 
students may be admitted by the director on short 
practical courses, not exceeding 5 months, at any 
lime of the year. 

It has a branch Institute, called Imperial Veteri- 
nary Research Institute, at Izatnagar. It is intended 
to relieve the parent laboratory at Mukteswar of as 
much as possible of the routine work of serum manu- 
facture. The laboratory was first started at Kurgaina 
as a small station for carrying on certain experiments 
during the wintc;r months, but the possibilities of scrum 


manufacture in the plains were seen later, and it was 
expanded and developed. The Animal Nutrition 
S ction was started at Izatnagar in 1986 with a view 
to study the nutrition in relation to the maintenance 
of health, normal growth and productive capacity 
of animals in India. A Poultry Research Section is 
also to be opened shortly. 

School of Tropical Medicine 

The Calcutta School of Tropical Medicine owes 
its existence to the arduous labours of Sir Leonard 
Rogers, 1. M. S., who in 1910 proposed its inception 
as a suitable memorial to the late King Edward VII, 
and commenced to raise funds for the scheme. The 
earlier proposals were for a small institution with 
three professors, attached to the Calcutta Medical 
College, — the “ minor scheme Later as the 
Endowment Fund grew, the present scheme — the 
“ major scheme was adopted and finally sanction- 
ed by the Secretary of State for India in 1920. 

The attacihed Carmichael Hospital for Tropical 
DiscaHcs was built, equipped and endowed by public 
subscription at a capital cost of 8| lakhs. The School 
commenced work in 1921, but its official opening cere- 
mony was not held until the 4th February 1922, when 
the School was officially opened by Lord Ronaldshay, 
then Governor of Bengal. 

The annual income of the School is obtained from 
the Government of Bengal, the Indian Research Fund 
Association, and the Endowment Fund of the School. 
'J'hc School has always received the most generous 
support of the great industries, especially of tlie 
Indian Tea, Jute Mills, and Mining Associations. 
Lately a liberal grant has been given by the Imperial 
C/Oun(*il of Agricultural Research. 

'i'he School exists for the dual purposes of post- 
graduate teaching in tropical medicine and research 
work in tropical diseases. Three classes are held 
annually ; one from October to April, terminating in the 
examination for the I). T. M. (Bengal) ; one from 
July to October, terminating in the examination for 
the L. T. M. (Bengal) ; and one in conjunction with 
the new all-India Institute of Hygiene lasting nine 
months for the D. P. H. (Calcutta). The classes are 
extremely popular, and all classes of medical men from 
sub-assistant surgeons, private practitioners, medical 
missionaries, assistant surgeons, both miRtary and 
civilian, to I.M.S. officers have been trained. Stud^ts 
have come year by year from all oyer India, and froill; 
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many countries overseas sucli as Ceylon, Burma, 
America, China, Siam, Australia, New Guinea, Egypt 
and Kenya. 

In the field of medical research ilu* school has now 
an established international reputation. In Kala~azar 
the work here has been outstanding, and in ( pidcniio' 
logy of Malaria a gooil deal of valuable work has lacii 
accomplished. Investigations in other tropical diseases, 
such as dysentery, sprue, and hill diarriuea, intestinal 
helminths, filariasis, and leprosy, etc. have been 
carried out with admirable results. Col. Chopra, the 
Dirctor of the Institute, has been !)usy for some time 
with work in connexion with the indigenous drugs, 
drug addiction (of which he carried out an all- India 
enquiry), and drug adulteration and spurious drug 
trade in India. A Bioeheinical Stundardizatioii 
I.aboratory has recently been established to analyse 
and assay the purity and potciu?y of iiu'diciiial pre- 
parations in the Indian market. It is hoped that this 
step will go a long way in checking drug adulteration 
and spurious drug trade in this <ounlry. A large 
amount of work has also been done in connexion with 
the etiology and treatment of epid< mic dropsy and 
also some common but pt'rplexing skin diseases of 
India. 

The Pasteur Institute of Bengal was opened at 
the School in 11)21. The growth of this departiiiciil 
has been amazing. Owdng to tlic extreme congestion 
this section has now' been moved out to Ballygunge, 
decentralization has been introduced and the vaccine 
is now issued to centres throughout the province. 

Bt. Col. 11. X. Chopra, C.I.E., K.H.P., I.M.S., 
Sc.l)., is the present director of the Institute. 

Tlie Forest Research Institute 

The history of forest research and education in 
forestry in India has been intiinalely conncelcd with 
Dchra Dun for the last fifty years, as the first college 
for training Indians in forestry was started there in 
the year 1878. But it was in IDOli that the Imperial 
Forest Research Institute was establislicd. 

The Inspector-General of Forests Sir Sain thill 
Eardlcy Wilmot was the first President of the 
Institute. There were six Research posts: — 

(1) Imperial Silviculturist; (2) Imperial Superin- 
tendent of Forest Working Plans ;(8) Imperial Forest 
Zoologist; (I) Imperial Forest Botanist; (6) Imperial 
Forest Economist; and (6) Imperial Forest Chemist. 


The Industrial Coimnission pointed out in 1918 
the necessity for expanding the Institute, and em- 
phasized the necessity for increasing the number of 
Research Officers. The Board of Forestry in 191.9, 
sujiporled the proposals of ( xpansion a»id the pre- 
.seiit site, w'hieh is about 1 miles nw^ay frcjm Debra 
Dun, was pureliased. In this cslale of 1,100 acres, 
arc situated the main building for the ollieis of the 
President, Silviculturist, Botanist, Economist and 
Entomologist, the small buildings for the Chemical 
branch, the inseetavy, the saw mill, the pulp and 
paper plant, woofl w'orkshops, limber testing, timber 
seasoning and limber ])reservalion laboratories, 
botanical garden, arlioretum, (‘xjx riinental gardens and 
residential quarttu'S for the sialf. The main building 
was openetl by Ilis Excellency the V'ieeroy, Lord 
Irwin in 1929. The Inslilule is fully equipped with 
laboratories, iniiseinns and libraries for researeh work 
and it has cost Us. 1,07,21,112 up to tl»e end of 
;UsL March, 19.‘t2. 

The original main divisions of the Researeh Insti- 
tute, excluding Working Plans, have been maintained; 
bill these have been subdivided into sections manned 
by experts under the general control of the head of 
each branch. The work is now' divided as follows: --- 

The l*rcsid(‘nt and Inspector General of Forests 
to the Government of India, is in eliarge. of the 
Institute. 

.SI LVieu i/reuA l mu an cii 

'I’liis though not the largest, is the senior branch. 
It aims not only at speeding up, improving and 
cheapening produeliuii, but in the first instance at 
maintaining a supply of valuable timber from certain 
areas. I’lie scope in the Branch is so large and the 
conditions of forests in the country are so varied that 
the Silviculturist has now to confine himself to the 
standardization of methods of researeh, to the 
organization of hivestigalfons, to the compulation and 
record of data eolleeled by local forest ollieers, and 
to assistance in applying information available in India 
or elsew here in I he w'orld. 

Ill order to gain firsthand knowledge from the 
local forest officers and to discuss and remove their 
ditficullies, Silvicultural eonferenees arc being held 
regualrly after every four or five years. 

The distribution of types of vegetation (ecology) 
has been recognized to have considerable importance, 
and a beginning has been made in the study of damage 
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by fungi (inyi-ology) l«» living trevs ami to felled 
timber. The herbarium of this Branch which contains 
considerably over 200,000 sheets has been used as the 
principal source of material for several Forest Floras. 

K N TO M O LOrn C A L II K A N (' 1 1 . 

'I'liis branch is concerned with the investigation of 
damage by insects both in the forest and forest 
prodiu'c. 

'Fhc most recent activity of this branch, the first 
of its kind in Tndin, is (he introduction of the biological 
control of defoliators of leak in South India by im])ort- 
ing parasites of caterpillars that defoliate teak in 
Burma. ’I'lu'sc parasites, it is expected, will assist 
materially in checking the ravages of the ]»csts and 
reduce the losses, which in hail years, have been esli- 
mated to exceed Us. U)() per acre of teak plantation. 

TIIK I’TIMZATIOV DIIANl ll‘ 

'riiis branch comprises separati* sections dealing 
with wool! technology, limber seasoning, timber testing, 
timber ])rcscrvalion, pul]) and paper-making, woml 
worksho]) including veneer subsections and minor for- 
est products. All these sections except the last one 
are under separate Seelional OfKccrs who have received 
special training for their work. 

TIMKKK SKASONINO SKl'TION 

In this section the pro))cr niethods of seasoning 
are investigated as seasoning is an essimtial preli- 
minary to efficient utilization of timber. 

PUKSKH v ATION THK \TMKNT 

'J’lie Forest Ueseari'h Institute has for many years 
been investigating the ])roblem of making wood dur 
able, and is in a position to offer considerable help and 
advice on all matters connected with the treatment of 
Indian woods and timber preservation generally. 

CIlKMirAL liHANCll 

This branch deals with problems involving chemi- 
cal investigations and analysis. Its main function 
is research in conneelion with establishing and develop- 
ing the use of many items of forest produei*. 

The study of forest soils is also carried on in 
association with the Silviculturist. It is hoped to 
develop the study of forest soils considerably in the 
near future. 


MUSEUMS 

There are five museums in the Institute namely, 
botanical, silvicultural, entomological, the timber 
museum and the minor forest product museum and 
according to “ The Museums of India " by Markham 
and Hargreaves they may be descrilicd as among the 
Itest museum buildings in India. 

PHBUC.ATIONS 

Some *100 publications and numl)er of educational 
and other works have been published by the Institute 
embodying the results of investigations carried out 
here. 

The Indian Lac Research Institute. 

India holds a virtual monopoly in the production 
of lac. I'he raw product stick-lac is cleaned and 
manufactured into shellac in a large number of small 
fa(‘torics in .Mirzapur, Balarampur, .Ilialda, Murliii, 
Calcutta, and st'viTal other ])laces in North India. 
.Vboiit per cent of the shellac manufactured in 
India is exported to foreign couTitrics for ns<* in the 
manufacturi* of gramophoiu^ records, varnishes, elec- 
trical insulating materials, sealing wax, hats, grinding 
wheels, etc., etc., h ss than H per cent being consumed 
in India. 

Due to the extremely high fluctuations in price 
from Rs. per inaund in It) 1 1 to Rs. 210 per maund 
ill lots, foreign consumers were taking to the use 
of synthetic products which were available at more 
uniform prices. The. shellac industry wa.s thus 
threatened with extinction like the indigo trade, and 
the (jovernment of India, therefore, deputed Mr (now 
Sir) H. F. Lindsay, I.C.S., and Mr C. M. Harlow, 
I.F.S., to report on the industry. 'Fhe Report, was 
published in 1021. Their recommendation w'as that 
resear 'hes on the cultivation and manufacture of lac 
were necessary (vide Report on Lac and Shellac by 
H. A. F. Lindsay and C. M. Harlow). By the 
Indian Lac Cess Act of 1021 a small cess was levied 
on all exports of lac from India and tlie amount thus 
collected forms the research fund for lac. The income 
varies according to the quantity of exports, from one 
to three lakhs of rupes every year. 

The administration of the fund was vested in a 
Committee of the principal shellac merchants of Cal- 
cutta from 1922 to 1931 and since then the Indian. 
I^ac Cess Committee appointed by the Government of 
India, in the Department of the Imperial Council, of 



C 19 ] 


Agricultural Research under Healthy Laud and £du 
cation portfolio^ is controlling the policy of re^earcli 
and expenditure of the funds. The Vice-Chairman 
of the Imperial Council of Agricultural Research is 
the President of the Indian Lac Cess Committee, 
which is composed of an Advisory Hoard of cxp< rts 
and a Governing Body nominated and elected. 'I’lie 
total strength of the Committee is 2 k 'Phe indian Lat* 
Research Institute situated at Namkuni (fivt‘ miles 
from Ranchi) on about 120 acres of land including JM) 
acres for plantation, was started in 11)25, iiiHicr 
the directorship of Mrs I). Norris, with Biocliemical 
and Entomological dc})artiiicnis, the latter hciiig in 
charge of Rai Bahadur C. S. Misra whose services 
were lent hy the Piisa Agricultural Hcscarcli Insti 
tutc. The present Director. Dr H. K. Sen, M.A., 
D.l.C., D.Se. (Lond.), F.X.I.. j(»iiied the liistituit* 
in May lO.’Ri and Mr F. ^f. Glover, B.Se. (i.eeds). 
joined as the Kntoiuologist in 11)21). 'Plu re w» r»' four 
re.scareh assistants in 1925 but now there arc eleven. 
The investigations have extended in scope from purely 
bioehemienl to organic, analytical, pliysico (*hemieai 
and ap]>lied chemical reseaiM'hes. 't'he Institute, in 
addition to its programme of researeli work, uiuhT" 
laki‘s to train villagers in belltr iiudliods of lae 
cultivation by inen?is of several qiialirted demonstrators 
trained at the Institute f<»r this juirpose. 'I’he lii.sti 
tide is well equipped, having up-lo date elu ini<*al and , 
eiitomoh>gieal laboratories, air-conditioned room, ex 
perimental lac factory, workshop, a jdaidntion with 
the j)rinci)>al host trees, etc. 

'Pile Instilide has puhlished lu'arly 50 bulletins, 20 
research notes, .several JeaHets and a few band books 
on the eiiltivatioii, inannfaeture and utilisation of lae 
and (Ui entoniologicHl and ehemieai ri'searehes. 

Since 1955, the Indian Lae Cess ('iunmittee has 
extended its research activity hy opening an orgaiii/. 
ation in England f'Phe London Shellac Research 
Bureau) and another in America ('Phe New York 
Shellac Research Bureau). TIktc Is a Spj <-ial Officer, 
Lac Inquiry, in London as a liasion officer between 
research and trade. The lAindon Bureau is wholly 
supjmrted by the Indian Lae Cess (’oinmittee and the 
New York Bureau is in receipt of an annual grant. 
'Phe object of the foreign research centres is to co- 
operate with the research departments of the consum- 
ing industries and to find new developments for the 
application of shellac in industries. 


Haffkine Institute 

This Laboratory is llie ])rincipal Medical Rescarcb 
Laboratory of the Bombay Fresidciicv and has been in 
c.xi.steiicc for 10 years. Originally started by the 
Government of India under the Directorship of 
Dr Waldcmar Mordeeae Wolf llatlkine it has grown 
from a small institute to one of large dimensions. 'Phe 
present building was occupied in 1S99. It was the 
then nlmtidoued residence of the Governors of 
Bombay who liad annexid tin* building from .lesuits 
in J7I1). 'I’lu* .lesuits originally, in H>75, built a 
inonasli'ry at the site of a Hindu temple of Farali 
Vaijiialli after which the village Farel was named. 
Ill this hiiilding the Institute was called Flagu«‘ Re- 
search Laboratory: I9()il. Bombay Haeterioiogieal 
I-alHiraftiry. and finally. 20 years later (I92()) 
Ilaffkine Iiislilute. Several new di'partineiils liavi* 
Iweii added and now it is erne of the largi'st institutes 
in India. Bering a Goit riiment liistitiiti* it is financed 
hy the (hivernment of Ihunbay Fre sideney. 

For K) \ears this histilule has been the home of 
nstareh on Flague. It lias tieeii, ami still is, llu’ 
largest prmliueT of Flague Vac'cim* in tin- world (1-2 
million doses ))«“r year). More neeiit work has siiowii 
that the vaccine maiiufaelured hen* possesses great 
prote<*ti\i‘ power. .More recently re^searelies of pro- 
found iiiiportauee have lu'cn carried out which throw 
light on various jirohlems in i‘oiiiieetioii with l^lagm* 
epidemiology, morphology and cultural eharaetiTs of 
B. pestis. its niaiiileiiHiiei.melhod of slaiidardi/ation 
of vaeeine. ami, finally, plague si‘rum fi>r thera]>eulie 
purposes. Laboratory tests ami preliminary trials on 
human eases linie given \ery promising results with 
our serum so far. J.argt' quantities of other prophy- 
lactic \aeeiiies are maiiufaetured, e.r/., 'P.A.B., 

Meiiingoeoeeal and Cholera \'aeeines. Nearly 7 lakhs 
of do.scs of CholiTa Vneeim* alone are issued every 
year. 

'Pile Institute has the following di parlim nls : 

(Ij Hiuchemivnl Dvjinrhnvui \ \ \ery well 

equipped department which not only t arries tint large 
iiumher t»f routine hioehemieal examinations for 
hospitals and otlu'r instilutioiis tmt (‘ondiiets research 
on serum eomM-nlralion, normal ])hysiologieal eonsUnts 
of adult Indians ami vitamin assay work. 

(2j PhirmncdloffH'dl Dt’iiarlmrni : .\t present 

with the hel[) of Indian Research Fund As.soeiation it 
is carrying out research on Flasmnquin, Atehrin ami 



[ *0 ] 


acetyl-cholinc. Interesting observations have been 
recorded, 

(3) DiagnosUc Department: conducts routine 
bacteriological and pathological inevstigations for 
hospitals in the Presidency employing most recent 
mt'thods and modern apparatus. !More than 3,000 
Wassermann tests arc done yearly, in addition to 
cultural examination of blood, faeces, urine, etc. 'Flie 
Department of Pathology eondiicls research on patho- 
logy of Plague in experimental animals in addition 
to routine sections of pailiological tissues. 

(4) Antirahic Department: The Institute is tlic 
chief Anlirabie (\ utrt‘. for the Presidcriey. Tn addi- 
tion to manufactun; of Antirabie Vacciru! for distribu- 
tion to " Out-eentres ” it treats a large number of 
out-patients from the (h*ly of Jloinbay. 

Rat Kxamination for the Roinbay Munieijmlity 
is carried out. 2-3000 rats are examined daily 
for tietcetion of plague epizootic. Important work 
is done on Snake Venom: A large number of snakes 
are kept. Venom is collected and dried and issued for 
experinuntal j)urposes and for production of 
Antivciiin. 

Facilities are afforded to jirivate indivi<luals f<ir 
conducting research. A large library witli l.'SO 
current monthly and weekly journals afford suitable 
assistance to workers. An annual report is jmb- 
lishcd every year. 

Central Re.search Institute 

With tlic object of facilitating research into disease 
a scheme was initiated over thirty years ago by (kdonel 
Leslie, Sanitary Commissioner with the Government of 
India, for the establishment of a Raeteriologieal De 
partmenl for India. The Viceroy, I.ord Curzon, and 
the Commander-in-Chief in India, Lord Kitehner, both 
lent their sup])ort and encouragement to this proposal. 
An essential part of the scheme was the establishment 
of a Central Laboratory and the Central Ueseareh 
Institute was accordingly opened in IPOti at Kasauli 
in the Simla Hills, some (i,()0() feet above sea-level. 
Lt.-Coloncl Semple, R.A.M.C. (Retd.), afterwards 
Sir David Semple, who was already well-known for his 
work on rabies and other bacteriological subjects was 
selected as the first director. The original building 
presented by the Kaur Sahib of Patiala was replaced 
on the same site in 1933 by a fine structure on modern 
lines with ample laboratory accommodation as well as 


adequate facilities for the housing of animals and for 
the various manufacturing processes. 

In the years before the Great War this Institute 
wa.s the headquarters of special researches in India on 
the typhoid fevers, on dysentery, and on malaria and 
it developed the manufacture of typhoid vaccine and 
also afforded courses of instruction in laboratory me- 
thods to selected medical officers. 

During the Great War the activities of the Insti- 
tute were devoted almost entirely to the manufacture 
of typhoid and cholera vaccines and later on of in- 
fluenza vaccine, 'riiesc had to be produced on an 
unprecedented scale for the use of troops in Egypt, 
Mesopotamia and East Africa, as well as in India. 

To meet these, demands, particularly with the 
difficulty of obtaining certain laboratory supplies 
undtT war conditions, meant a very heavy strain on 
the laboratory staff and much ingenuity was displayed 
by the ofllcers concerned in devising methods to deal 
with the situation. 

AfttT 1920 it was ])()ssible to resume research 
activities at the Instituli*. 'I'he Malarial Section 
tarried out important basic researches on many 
aspects of malaria and it assumed such importance 
that it has now become a separate organization, the 
Malaria Survey of India, under an independent direc- 
tor. 'I'he Entomological Section which was resjmn- 
sible for valuable research W'ork, especially on the 
typhus group of fevers, is at present attached to the 
Malaria Survey of India. Dysentery, cholera, rc' 
lapsing fever and snake venoms as well as various 
aspects of immunology have from time tn time been 
investigated at the iiistitute. 

The Institute is in close touch with the activities 
of the Indian Research Fund Association which was 
constituted in 1911 with the object of prosecuting 
research into medical problems. Many workers paid 
by the Association have been afforded laboratory 
accommodation at the Institute and officers of the 
.staff have carried out or assisted in re.scarchcs under 
the Indian Research Fund Association cither in the 
Institute or in tJie field. In this respect the Institute 
has been important as a centre from which field en- 
quiries have been carried out. Important basic work 
especially on immunological problems has also been 
accomplished. As a bureau of information the Insti- 
tute has to deal with a large variety of enquiries on 
scientific .subjects from the laity as well as from 
medical and other scientific persons. Information 
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and advice are freely given in response to such re- 
quests. 

The director of the Institute is editor 

of the quarterly publication of the Indian Research 
Fund Association^ the Indian Journal of Medical 
Research, and also the Indian Medical Research 
Memoirs, 

The fine library of hooks on bacteriolo^^icnl and 
allied subjects is at the disposal of medical men and 
others who may either visit the library and work 
there or may obtain books on loan by jmst. 'I’lie 
comprehensive store of scientific apparatus niny also 
be made available for research workers, particularly 
those under the Indian Research Fund Association. 
No set course of instruction is carried out at the 
Institute but aj)provcd persons may be ^iveii inst rue- 
lions on special Icchiiiqiic eonncel<‘d with problems 
which they propose to study. 

In addition to research work the rnstilute has coii' 
tinned since the War the manufacture of vaccines for 
the military deparlnicnt entailing the issue of about 
two million doses of T.A.H. and other vaccines annu 
ally, A stock of imported sera for the military 
department is also maintained. 'Hie most important 
vaccine for the civil department is cholera vaccine 
and with the facilities dt^vcloped during the war the 
Institute can <kal with demands for many lakhs of 
closes. Another iin})ortant produi't is Antivenc'nc, a 
bivalent concentrated serum effective against the 
venoms of the cobra and Russell’s viper, of wdiieli 
about 7,000 ampouh's arc prepared and issued each 
year. 

Serological and other tests are also <’arried out for 
various hospitals and private ])raetitioners and 
diagnostic sera and bacterial suspensions and other 
products are prepared to meet dtuiiarids. 

The Central Research Institute is administered by 
the Director-General, Indian Medical Service for the 
Department of Education, Health & Lands of the 
Central Government of India, The director is the 
senior member of the Medical Research Dej)artment 
(as the Racteriological Department is now called) 
and the permanent staff includes three officers of the 
same department. 

The first director was succeeded by Harvey and 
then by Christophers, both well-known in the medical 
research world, and the present director is Colonel 


John Taylor, c.i.e., d.s.o., v.h.a., i.m.s., who was one 
of the members of the Plague Research Commission. 

The Indian Association for the Cultivation of 
Science 

The Indian Association for I he Cultivation of 
Science, one of the earliest instilulions of its kind in 
India, was founded in 1870 when tiu* only non official 
.scientific institution of any im])orUriec was the 
Asiatic Society of Hmigal. 'I'hc foundation and the 
successful ilcvclo|>Tncnl of the iVsMU‘ialion was (‘iilircly 
due to the inilialivc and devoted work of Dr Mahcndra 
Lai Sircar, a Icailing physician of Calcutta at that 
lime. In 1882 the foundation stone of the Icclun* 
hall was laid by the Marr|uess of llipan, the then 
(Jovernor General of India, who also bceauu* the first 
patron of tlie Association. 

'I'hc AVssociatioii originally arrang<(l for systematic 
courses of lectures and pra(‘tical classes in various 
braiiclu^s of s<*it‘ncc. e.q., physi<-s, chemislry, l>otany 
and zoology. It als<» arrangc<l for the delivery of 
sjUM'ial lectures on scitntifii* subjects. 'I’hcsc acti- 
vities of lh(‘ .VsNociation met a great (h inaiid at that 
time as they .su])plcmcntcd the available resources. 
Xow, however, the activities of lht‘ Association are 
being concent ratcil mainly on research, primarily in 
physics, [.cclurcs on scientific subjects arc also held, 
and some of these* arc o]>cii lo lh»* public. 

The most imp»)rlant scictilific cve'iit in I he history 
of the Association was the disj-overy of Raman- 
Effect by Sir ('. V. Raman in its laboratory, 'i’hc 
Indian Association for the. Cultivation of Science can 
justly be proud of the fact that the facilities it pro- 
vided brought him the Xobcl Prize for Physics. 

The research work in the Association is now con- 
ducted by Dr K. S. Krislnian, Mabendralal Sarkar 
Professor of Pliysies, witti a band of young work<*rs. 

The Association ])nblislics the ]ndia!i .louriial of 
Physic.s with which is incorporated tlm Proeeedintjs 
of the Indian Association for the (’iiltivation of 
Science. 

The latest annual report of the Association gives 
the total number of members to be 18.*t of whom 121' 
arc life-members. It is located at 210, Rowbazar 
Street, Caleulla. 



Scientific Departments and Societies 


The Malaria Survey of India 

Although various workers in India took a proini' 
aciit fiart in the eondurl of rc-sea relies on malaria 
during the early years of this eeiitiiry, it was not 
until 1909 that a C'entral Malaria Bureau was set 
up at Kasauli. During- the years whi<-h intervened 
between this dale and the out break of tlie Oreal War, 
malaria work rei-eiveil a tremendous iin))elus, and 
lar^idy owin^ lo tin- resean-hes of Sir Riekard 
('hrisloj>h('rs India eame to }»e re^arde<l as one of the 
leading eounlri<*s in the world in this siibjeel. 

'riiese aelivilies were inlernipletl diiriiia; ihe War, 
but after the cessation of hostilities on the North* 
V\'<*st Frontier in 1921 interest in malaria work lie^an 
lo revive. Intt'rrupled n'searehes were resumed and 
a number of special eiupiiries were instituted under 
the auspices of the Indian Ueseareh Fund Associa- 
tion. It I'ame lo lie realized that in view of the 
enorim»us iinportaiiei* of malaria as a cause of 
mortality, morbidity ami eeoriomie loss, it was esseii 
tial to ert'ate an organization on a permanent basis, 
which would provide a team of skilled w<irkers to 
undertake systematic research into the various aspects 
of the disease from year to year. M ith this obje<*l 
tin- or^anixation now known as the Malaria Survey 
of India was inaugurated by Ihe Indian Rest'areh 
Association in 1927, and it has been tinaneed by that 
association up to the present date. 

Its primary functions art’ It) atlvise (rovernmeiit 
on all issues relative lo malaria in India, lo assist jiro 
vineial organizations to carry out malaria iiivesti^a 
lions where desired, lo conduct systematic research 
into th(‘ malaria probh'in in all its a.sp<'e|s, to advise 
and assist in the prosceulion of aniimalaria measures, 
to carry out epulcmiolo^ical iiivesti^atioiis, to teach 
and train officers and others in praelieal antimalaria 
work, arnl to act as a bureau from which information 
on all aspects of malaria can be obtained. 

I’nder the enerf<cti<* ami able directorship of 
Lieut..-(>oloiiel ,1. A. Sinton, V.f-., I.M.S., the Malaria 
Survey of India quickly established a notable repula- 
lion as a research and advisory organization, and it 
has been increasingly used by liealth w’orkers and 
raalariologists throughout India and Burma. Special 


investigations have been carried out in certain centres 
in India where malaria is a serious problem. These 
include Bombay, Calcutta, Delhi, the Andaman 
Islands, Sind, Quetta, etc. The very diverse activi- 
ties of the Malaria Sirvey are indieated hy the 
numerous ])ublications which have emanated from it, 
and which have appeared chiefly in the Uecords of 
the .Malaria Survey of India, 'rids is a journal 
devoted lo malaria which was first piihlished in 1929 
and which is eilitcd hy the Director of the Survey. 

A niimluo* of Bulletins dealing with malaria have 
also heen issiu*d hy the Survey. 'Fhese arc continual- 
ly being brought uj) to date hy the issue of new' edi- 
tions. 

A Malaria Course for Medical Officers is held each 
year at the Field Kxperimenlal Station of the Survey. 
.Many w'orkers who have umlcrgone this course arc 
iloitig valuable antiinalaria w'ork in \arious parts of 
the country. 

riic ma.ximiiiu sauetioued (‘stahJisiunent of oflieers 
of the Malaria Survey of India under the Indian 
Research Fund at any period since its inauguration 
has been Director, Assistant Dire.clor, KriiomologisL, 
two Malaria Rescarc’h Officers, a .Malaria Kngincer, 
and a Bioeliemist, but at no perioil have all Ihi’se posts 
b«‘eii filled al I In- same tirm-. 

'I'he (h)verimicTil of India has recently aiuioii!ice<l 
its intention of taking over the .Malaria Survey of 
India as regards its j)ublic health and advisory side, 
ami this decision will take etfeet from April lOitH. 
The research at-tivilii-s of the organization will be 
fiimm-ed as before by the Indian Research Fund 
Assoeialion. 

Tlie Indian Central Cotton Committee 

'riic need for a eenlral body capable of giving to 
the cultivators, the merehanls, the manufa<-turers and 
the central and provincial Governments expert advice 
as to the best measures wfiicli should be adopted for 
improvement Jn cultivation, marketing and nianu- 
faeturc of cotton having been greatly felt, it was 
with a view to serving tlie.se objects by co-ordination 
and concerted action that, in the year 1921, the Indian 
Central Cotton Committee was formed. 
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The aims of the ConiDiittee, as laid down in its 
constitution are (1) to advise the central and provincial 
Governments on all questions on cotton referred to 
it and to suggest suitable measures for the improve 
merit and development of the iniliistry, (2) to financt* 
and to direct research work on problems connecled 
with the improvement of Indian cotton including such 
investigations as the relationship between the cotton 
plant and its cnvironincnls^ the diseases and pests of 
cotton and critical examination of the lint qualities 
of the existing as well as llie newly evolved types, 
and (3) to llnance schemes intended to bring into 
general agricultural practice the results of eeonomie 
importance obtained from research. 

The constitution of the Coiiiiniltce is uniqiu* inus 
inucli as it comprises representatives of all seetioiis 
of the eotton industry growers, gin and press-, 
owners, traders, exporters, sj)iiiners and Agrieiiltural 
l)(‘parim(‘nt. Its meetings provide a eomnion plat 
form for exchange of views of all interests concerned 
before decisions aH'ectiiig tlu‘ industry ns a wboh‘ are 
arrived at. 

In the .sphere of cotton research, the Committee 
has undertaken to linaiiec a large number of schemes 
ill several provinces and states. Tlicse sebemi’s cover 
a wide range of research problems: (IJ isolation of 
superior types of eotton, j investigation into the 
causes of slieilding of Howers, buds and bolls and 
(;j) the study of the life history of certain pests and 
diseases and the iriclhods of eoinbating them and (4) 
finding ways of overcoming the loss by wilt and 
root-rot. 

The C’onimitllce has also taken steps to train its 
own staff of technical experts and scientific workers 
by the award of research scliolarsliips and training 
grants, tenable both in India and abroad. 

With a view to disseminating the results of 
research and other ai'tivities of the Committee amongst 
the cultivators anti other interests concerned, the Com- 
mittee, in undertook a scheme of Publieity and 

Propaganda. Under this scheme regional campaigns 
are undertaken and practical demonstrations are 
given by means of tJie latest devices in the field of 
publicity and propaganda in order to bring home to 
the cultivator the results of important schemes financ- 
ed by the Committee. By the issue of a regular 
stream of publicity literature, pamphlets, leaflets and 
coloured posters, a live and continuous contact is main- 


tained with all cotton interests both in India and 
abroad. 

The Committee’s 'I’eelinologieal Laboratory, which 
was opened in 1924, renders valuable assistance to 
the eotton industry of India. Equipped with most 
up to-dati instruments for testing tin* length of staple, 
wJislc losses and the strength and lineiiess of fibre, 
tln.‘ 'J’eehnulogieal i.aboralory issues results of the. 
various tests which are of iiiesliinable value to the 
cotton breeder and the trade. Exhaustive tests have 
been carried out on the variation in wastes of dillerenl 
trade deseriptions of raw eotton stored for a year in 
Hombay godowns, and moisture tests have been made 
from .samples drawn from trade hales. In addition, the 
Laboratory a.ssisls the trade by uiulerlaking spinning 
tests oil eommereial lyiies selected by the East India 
Cotton Assoeiatioii and Millowners' Associations of 
Hombay and Ahmedahad. Many other investigations 
of a leehniial nature eoiiiieeted with the muiiutaeture. 
of yarn from cotton, such a.s, the application of vari- 
ous systems of high- drafts for spiimiug Indian cottons 
and Hie iutlueme of dillerenl atmo.spherie humidities 
on the spinning performance of eotton, are also under 
taken at the l..aboratory. 

Indian Medical Association 

The Indian Medical Assoeiatioii is an organixalion 
tliat was established in 1929 for the advaneement of 
medical and allied sciences, tJic iinproveuieiit of 
Public Health and Medical Education and the further 
anee and protection oi the medical profi ssioii in India. 
It lius several brunches and a number of ufiiliuted 
bodies all over India. Its membersbip is open to all 
medical pruelitioners registered in India. The 
general management of the Assoeiatioii is vested in 
a Central Council which in addition to tiie President 
and three Joint Secretaries and others consist of 
n;pre.sentatives from the branches elected on the basis 
of membership. The .Vs.soeiation conducts a monthly 
journal which is proviiled to all meiuber.s. Once a 
year there is held under the auspices of its Assoiua- 
tion an All India ^ledieal Conference at which scienti- 
fic and medico-political questions affecting the pro- 
fession in tlie country are discussed, (.'onfereiiees in 
the provinces are also organised from time to time 
by the brandies. 

This Association came into being as a direct result 
of the Fletcher Committee's report on Medical 
Research in India which brought to a focus many 
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of the disabilities under which independent medical 
jU:actitioners in India labour. A further incentive to 
'th(r formation of tliis organization was given by the 
eonlroversj over the withdrawal recognition of 
medical <lcgrccs of Indian universities by the British 
(Senf^ral Modi cal Council. In this controversy and 
the formulation of the Indian Medical Council Act 
arising out of the contnivcrsy the f.M.A. played a 
largt; part generally leading ifidian medical opinion 
in the country. Since its formation the I.M.A. has 
increased rapidly in membership and the number of 
branches has also increased and its influence appears 
to be growing. Dr (r. V. Deslirnukh was elected its 
first President and among 4»tht‘r eminent ])ersons who 
have served as Prcsiticnl are Sir Nilratan Sircar, 
Dr B. C. Boy, Major M. (i. Naidii, Dr .livraj Metha, 
late Dr M. A. Ansari, late Col. Bhola Xauth and 
Dr Rama Ran. Dr B. N. Vyas is the President for 
19af)-87. Dr Roehiram A. Ainesur (Karachi), 
Dr Bhupal Singh (I^Iccrut) and Dr Kiimnd Saiikar 


Ray (Calcutta) are the Honorary Secretaries for the 
year. The Head Office of the Association is located 
at No. 67, Dharamtala Street, Calcutta. 

The Indian Botanical Society 

'Pile Society had its inception in a resolution pass- 
ed hy the Botany Section of the Indian Science 
Congress at the NHgi)iir meeting in January 1920, 
and it was finally e.stablishcd towards the close of 
that year. The Society is admini.stcrcd by an execu- 
tive council consisting of a President, two V'^ice-presi- 
dents, a Secretary, a treasurer who is also the 
Business Manager of the Society, and ten Councillors. 
The President, Vice-Presidents and Councillor serve 
for one year each, the Secretary and the treasurer for 
three year.s each. The Society publishes the Journal 
of the Indian Botanical Society which is issued 
bimonthly. The present President of the Society is 
Dr S. R. Bose, Dr E. K. Janaki Ammal is the 
Sccrctar 3 % 
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The Sources of Energy of Storms 

(h \V. II. Xoi'iiiniid. 

'riu* coih'ctioii of (lata of the upper air. for 
wliieli we in India pay Irihiile to llie late Mr. .). 
H. I’ield, has introdueed a u'radual re\olulion in the 
study and praeliee of inefeoroK»i»y in India, as it 
has (loin* ove** tin* rest of the world. 'I’lie fore 
caster's iindliods lia\»‘ altered inueli. W'ln nas *J.) 
years aj>:o scanty data re«ardinj»; cloud furnished al- 
most the (udy indiealiiuis of the o’l^dinus within tin* 
ocean of air, ticday the forecaster has small auxiliary 
charts of streamlirus for the lexels of 1, *2 km. 
and for a few hiifher levels up to (i kin, if low clouds 
do not intervene. 'The empirical stai»'e was ine\ilalile 
and has not yet ended: hut the forecaster of to-day 
finds weather forecast in ji*' to he much more interest- 
ing exercise than it used to he. Contrast the man \^ho 
was content simply to forecast “rain “ with one who 
tries to pietun- toe process, and distinguish hetween 
the ditfereiit types, of rain formation. 'I'he fore- 
caster (d' to ilay always has th«’ physical pnilth m 
heforc him. 

'I'he jn'eneral theme of the followiin^ paragraphs 
eonei rns the tlienimdynamieal ap))roaeh to the study 
of storms. .\t the basis id' it* all, following Marguli’s, 
there is a simph- e’uuigh proposit it>ii, namely;- if the 
wlude air mass around and including a storm can he 
eireumserihed and considered as a closed system, it 
should he possible from a study of the initial and final 
(‘onditions alone to decide the main source (d the 
kinetic energv that has been created and displayed 
during the storm’s e.xistenee. After discussing «*er- 
tain asMimptions, the address goes on to ptnnt out 
that before cither the gravitational or the internal 
energies can decrease within a closed system the 
stored-up energy must he present in a state of insta- 
bility, actual or poteidial. 'I'he possible diversities 
of instability, though numerous, an- la lieved to be 
com])ositcs of tlin-c main kinds, which are ealh-d lor 
brevity the vertical, horizontal and latent types. 
The vertical and horizontal lyjies refer l(» the be 
Iiavhnir of dry air, or at least air which is dry emmgh 


t(» remain unsaturaled during the changes considered. 
The latent instability is that which arises from the 
latent heat of water \apour. 

l.icpiids in a jar or strata in the Dce.-in set them- 
sel\es according to density, but the layers in the at- 
mosp.here always tend to take up positions according 
to their entropies those »if greatest i-nlropy iijiper- 
most. The best picture id' the normal atmosphen* is 
that stressed by Sir Napier Shaw of stratilied layers, 
each of lower entropy than that above it. and each 
resilient and to a icrtaiii degree obstinate and resis- 
tant to any attempt towards upward or diiwnward 
motion of olhe'* masses of -ir through it. The sun’.s 
heat on the ground is a potent agent in creating verti- 
cal instability, which however is not «)f prime imp- 
ortance in the study of stonn’s energy, because, be- 
hind it, there is no means o\’ stttring U}> energy. 

'I’he second. hori/onlal type id’ instability is 
t \(‘inpiiti(‘d by a w arm and a cold current of air 
mo\ ing perallel to (‘a»*h other. We are all accustom- 
ed nowadays to the notion of the nna-ting of air 
masses from di/fererd parts of the earth, id’ polar 
air e’leoindering tropical air, or monsoon air coming 
itdo proximity with eoidineidal air. iiere, on account 
of the earth's ndation, there is a means of storing up 
energy, because so long as the surface id’ discontinuity 
is in ((piilibrim a large dill'erenee of temperature may 
be maintained between adjaeeid air masses. When 
the position of e(|uilibrium is broken down by any 
agency, perhaps by a pronoum-ed pressure wave, there 
is olniously a considerable store of potential energy 
readily available for transformation iido the kinetic 
form of wind and gale, the eidd air breaking through 
with all the display of a “ line sipiall ” or “ cold 
front." 

Tile third main ly|>e of instabilitx arises from the 
latent iu'at of water vapour and is deptanh-nt upon tin- 
power of va))our in the atmospin-re to act as a reservoir 
id’ energy, dust as tln re is a limit to the lapse-rate 
of temperature for dry air. so there is a limit to tin- 
lapse ratt- id' wet bulb temperature, which on being 
c.\ceeded is a |)otentia1 .soun-c of energy. The (venti- 
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wct-b»ll) temperature is, in fact, an interestini? 
j)li>*sical entity, worthy of a little more attention 
than it ordinarily receives .in text-hooks of pliysies. 
See, for example, its importanet; to the en^rineer, fac- 
ed with problems of air-conditioniiij^. 

Refsdal in Norway was the first to exjilain clear- 
ly certain essential conditions for the storai»*c of 
energy by water vapour. Almost simultaneously a 
slightly different approach was made in India to this 
problem. A kind of m(“taslable conditions was rccoj?- 
nised and definerl as “ latent instability.” 'Fliis is 
an interesting type of instability because it can deve- 
lop behind a veneer of stability. It is of the same 
type as a vertically expanding pencil standing on 
end, or analogous to a hydrogen balloon (‘aught in the 
corridor of a large hall where it can be fed with more 
hydrogt‘n, but cannot escape up to the dome untill 
given a small jiusli. So also a (juantuin of air in 
the? atmosphere that is in the stale tif ” latent ” in- 
stability diu* to M'ater vapour will respond to large 
but not lo small displacements. 

These are the main types of instability and we 
wish to have, a means of estimating (]uanlitativ(‘ly their 
relative im])ortanee in originating storms. Iteeently 
graphical methods have been borrowed lo clarify and 
extend the work of Margules, who originated the 
standard method of atluek on sueh problems. 'I'he 
temperature-eiitrophy diagram (or tephigram) is 
ehosen, with mass as a third coordinate. 'I’he energy 
that is released during the ehangi; from initial lo final 
(mndiiions arises from the fall of the centre of gravity 
(»f the .system and from an associated decrease in the 
internal energy. Wlial does that energy amount lo.^ 

Solutions can bt‘ given for eases of vertical in- 
stability of both diseontinuous and (’ontiiiuons type. 
In the former (‘ase tiu; total energy is gi\en approxi 
inat(‘Iy by the volume of a wedge, and iii the latter 
by the voluim* of a pyramid built upon the " tephi. 
gram ” base. Horizontal instability is shown to be 
the balf-wny bouse between vertical instability and 
complete stability; In nee the diseontinuous and eonli- 
inioiis types of hori/ontal instability also have their 
energies represented by the volumes of a wedge and 
pyramid respectively, hut of only half of the height 
of those f(»r vertical inst.ability. 

'I’o gauge the possible importance of latent in- 
stability a brief study is made of a somewhat extreme 
example to estimate how much kinetic energy can, 
at tlie inuximum, be produced by latent instability 


alone, unassoeiated with other types of instability. If 
\vc imagiiu' the descending air to be unaffected by 
the falling rain, the maximum energy that may be 
generated within the closed system is reprc.scnted by 
the volume of a fairly simple .solid figure of which 
a model has been prepared. This energy, when 
av(‘raged over the whole mass, is found t(» be 
(‘qiiivalent to a ]iurri(‘ane of SO miles an hour, 
(ireat tboiigb this velocity is, it does not ext)re.ss all 
the theondieai possibilities of “ latent instability.” 
If the sylphs of the air were interested enough to 
take charge of each descending unit and to see that 
it derived full advantage from the, falling rain, they 
woidd increase the available energy. In fact by 
building up another model on the te})liigram and eom- 
])aring its volume with that for the ascend- 
ing air, we stc that the deseending air, if kept 
saturated by Judicious descent along with raindrops 
can eontrihiile as much lo the available energy as 
the ascending air. 'i’hat is, the over turn of the aii* 
ill the closed system can give rise lo a hurricane 
averaging 1 15 mih s an lumr througliout the air (‘oliinin, 
if the proe(‘ss is eondiieted with maximum thermody- 
naiJiie eflleieney. 

\ more ])raetieal ease may perha))s be illustratt'd 
using Poona and Agra data. 'I'lu* available I'liergy 
from this e<»mhination, which may rt present the two 
air masses i»ver tlie Hay of Heiigal in pre-nioiisooii 
storms, snfl'ces to providi* an average vohx ily of 50 
miles an hour distributed throughout the whoh* system, 
if evaporation from rain is not taken into aeeoiml. 
and ov(‘r 00 miles an hour, if it is. 

The relationship of these ideas to storms of the 
type of thimderslorms, dustslorms and eyeloues is 
briefly discussed. 'I'be eoii\ entional text-book dia- 
gram of the processes occurring in a “ heat ” thimder- 
stonii is ohivoiisly iiK'ffieii nt and prohahly iiisuffieieiil . 
because it stresses only the upward movement of air 
from near the surface «»f the ground and pays no 
allenlion lo tlie streamlines of the up])er air. 'Phe 
ideal, ettieieiil, self-})ro])agating thunderstorm, in 
wbieli rain-drenelied deseending winds play their 
part, ought to resemble more the flow of streams of 
water of varying lemiieralure debouebing from a multi- 
ehannelled eireiiil, the liottest stream from tlie lowest 
channel and Hie coolest on top. 

Regarding tropical eyelomrs, we recall Henry 
Piddiiiglon who invented the word ” ey clone ” here 
in Calcutta some 90 years ago. The forecasters, who 
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(leal with tlu* eyelones of tlio Hay of Heiif^al, have 
built up iinpmssioiis from day-to-day experienee. 
They associated most major cyeloncs with tlu* ])rcseucc 
of two more distinct air masses over the Hay; and 
lh(\v rccofifnisc also the ^rcut importance of water 
vapour in them. The tirst of these at first si^lil su«>: 
^ests horizontal and the second lalcnl instability as 
the source, of eiierf»:v. It is doubtful however 
M'hether sufficient latent instability ean deveh»p in any 
homogenous air mass. 'I'liere is reason to expert 
that the seat of most intense latent instability is in 


the partition zone belweiri the two main air masses 
and that this must be the luain source of energy 
which, though often released in the ft)rm of rain and 
thunder scpialls, is sonieliiues and somehow organised 
into eychmie form. Mor<' field Wi>rk is re(|uired how- 
eViT to settle even I'lie primary thermodynarnieal ques- 
tions about the ndative i!n])j>rlnne<* of llu* dilVenml; 
types of iusl.'dn’lity. 'I'he recpiired up])er air data 
iiiu.st iin’liide good observ;'.ti(uis of himiidily as well as 
of tiinperature. 'riie Hay of Hengal, with ils tropical 
cyclones, is »‘ver a challenge for further work. 


Chemistry 


A Survey of Recent Advances in 
Magnetism Relating to Chemistry 

— S, S. Ilhiiliiaffsir 

'Pile subject of magnetism In relation to diemistry 
lias allraeted special interest only during recent years 
allbongb Faraday, Perkin, Curie, Honda and Owen 
sbow'ed early how it could be usefully employed in 
solving ehemieal problems. These developments 
had to wait, as the theoretical side of rnagnelisni was 
rather shrouded in inyslerv. 'Phe theoretical advances 
in magiK'tism following llu‘ lead of Laugeviii and 
the great strides in atomic ])hysies and (pianturn 
ine<'lianieal theorii-s have faeilitaled the application 
of this subject tt» ehemislry. Special mention must 
be made of Ibe eonlributions of Van Vleek, Stoner, 
Hloeli, Heisenberg, Lewis and I’aiding. 

The ra])idily with which I he subject of magnetism 
in relation to eliemistry has grown may he judged 
from the fact that after the appearance of the first 
book in Knglisli on the subject of niagnetoehemistry 
by Hlmtnagar and Matbur ( Nraeniillans, two 

books — one by Hmida, and the other by Klemn- have 
already appt^ared, and even in the short period which 
has elapsed since the appearance of these hooks, 
there has been an almost eneyelopaedieal output of 
work on magneto-chemical problems. 

In the domain of nuelear eliemistry, rnagiietie 
measureiinmts have helped in assigning a eonslitutioii 
to the nuelcns and in confirming the Heisenberg theory 
of neutron-proton constitution of the nucleus. From 


the observed and calculated nuelear magnetic moments, 
tile iiiiporlaiit eom lusion drawn is that it is not possi- 
ble for an electron to exist inside the nueleiis. As 
a result of this eoiielusion, a hypothetical })Hrliele 
with no charge and with a mass iM[uaI to or less than 
that of the electron has been postiilalisl. A theory 
of the hyperfine slnielun: has been jiroposed on the 
assumption that the magnetic momtuit of the inieleus 
eoriihiiies with the magnetic field iiroduetal by the 
electrons and with the orbital moment. 'Phe dis- 
ci-i j)jniei«‘.s in the earlier work on magnetic niormmts 
b»r inui, nickel and cobalt atoms have cleared iij) by 
the more recent work of Klabmide and IMiipps. In 
llw I iiiversily Laboratories at Lahore we have been 
.able to show' S<L vapour is p.araniHguelie and there fore 
lias a ground stale like and Sj. 'Phis interest- 
ing observation settles Hie dispute in wbieh sjieetro' 
seopie eviilciiee w'as not deeisive. Also the riiuleiadur 
si ales o1 unline. have been lietermined at Lahore and 
it seuns certain from magnetic data that iodine ionises 
in carbon disnlpiiidi' and la nzem*, but remains in the 
niole(‘ular stale in eyele-liaxane. Uecaait ineasure- 
ineiits i»n the niagnetie ])ro[)ertie.s of eleineiils jiarli- 
enbirly of the rare earllis have lieipcul in clearing up 
the elect ronie eoustitution of these difficult elements. 
.Vniongsl othi'i* elements whieli have nttraeted special 
attention are ehromimn, hismuth, barium, n'lieniuiii 
and mercury. 

'I’he w'ork on bismnlb is of sjieeial interest be- 
cause of its unusual magnelii! behaviour and tlie in- 
vestigations <d' Goetz and collaborators and of de Haas 
and van Alplien have, therefore attracted inueli atteii- 
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lion. TIu- ma^nrtic siisfojitihility of mercury was 
/rivm a valiu* of — O.ll) x 10 “ l)y Honda. Kcccnt 
work at Lahore for mcn-ury from various sourcis 
a.ssifi^s to il a value of — 0.1 7‘J x 10 '* which is 
in excellent agreement with the value ohlaiiu'd hy 
Hates and 'I'ai. 'I’he mereiiry va|)our has a very 
different suseeptihilily, iiaou ly 0.;tU x 10 'I’he 

disagreement hetwt'cn the v alues for I he vapour and 
llie liquid is prohahly due to mercury polyalomii* 
iiioleeuh'S. 

Mui*h iiilerest in the measurenunls of susee)>til>iii- 
ties along dilferent axis in a crystal has been t xhihil- 
e<i hy th(‘ work of Krishnan and Miss Lonsdale and 
it has hceii eslahlished that these (h terminations be- 
sides tin- X-ray nnthod yield valuable information 
regarding live crystal struetun*. 'I’he magnetic work 
at Lahore on active carbon which is used ifi gas 
masks and for <leeolorisalion, has n vealed the fact 
that the proei‘ss of aetivalioii consists in tin* develop 
ment vm the surface of earlxm of grapliiti<- crystals 
differentially oxidised. Fnnn a series of carefully 
))lann(‘d ex|)erimenls involving a rigorous control of 
the metho<l of ])reparati<m <»f elcim'iits, their powder- 
ing and chemical cxaminalioii, il has been sliown at 
iiahore that then* is no effect of the })arliele size 
on magnet i<* suse<*ptibilily in the case of bismuth, anti 
inony, sulphur, selenium, ti llurium, had, i-opper and 
tin uptfi OAfi. ^Vher<• eln inieal changes arc excluded, 
the observed changes in magnetic susceptibility have 
been shown to be due to the chang»- in luicroerystallim- 
structure. 'I’his view has bt'cn sup|)orled by Hrins. 
Lcssheiin, Lane and others. Perhaps the most im- 
portant subject in magnetism from the p<iinl <»f view 
of the eheinist is that of molecular diamagnetism. As 
a result of extvnsive systematic investigations of the 
magnetic properties of non polar org.anie c<impounds, 
Pascal discovered the prificiple that molecular siis- 
<a*plibility is equal to tin* sum of atomic susceptibilities 
of all the altvms in the molecules and a c4)rrcclivc* con 
stitutive factor (h peiiding u])on the nature 4)f linkage 
between the atoms. 

llecent measnrenn*nls have confirmed and extend 
cd Haiscal’s work. .Vmtingst outstanding contribu- 
lions may be m<‘nti(»ncd the (hdermination 4»f tin* 
eorriTlive constitution faetjirs for addition compounds 
at Lahore. 

As regards ])aramagnctism, ions, nnilecuh*s. free 
radicals ami bi-radicals exhibiting this phenomenon 
have been abniidantly inve.stigated and in general the 


conclusions arrived are that this is due to the orbital 
angular momcnlimi of an incom})h‘te electron shell 
»ir to its resultant spin. 

'I'he theoretical work of H 4 )se, Stoner and Van Vleck 
has particularly hc1p(‘d in the understanding of this 
interesting property. 

'J’he magiu'tic suseej)tibility values have been in- 
geni<iusly cmph»y4*d to <lccide controversies regarding 
structure. Of great interest is the application of 
this mt'thod to the elueidalion of the structure of the 
constituents of blood. 'I'lu' metal complexes of 
porphyrin dervatives. the basis of blood, were found 
by Kh'inm ttj be diamagnetic arid were regarded by 
him as true complexes. Similar results have b«‘en 
obtained by Pauling on the inagiu tic jiroperlies of tiu* 
eonsliluents t)f lumoghvbin. .Vs a mattir of fact 
tlu‘se measurements have contributed miuh to the 
assigniiK'iit of a proper (*onstitution to li(‘moglobiti, 
carlamimmoxyhcimtglobin and other conslitiunts of 
blood. 

M.'ignetic nu asur4*m( nts hav 4* also clean'd Hu* 
problem of tiu* existenei* of a single eh*ctron boiul. 
Lowry, f»)r example, assumcii tiu* existen(*e of single 
electron linkage in (oinpounds of the type dimethyl 
tollurium iodide, but the magmtic rcs<‘arches at 
Ijdiore showed that this sidvstanee is diamagnetic in 
a fair rangi* of t«*mp4*ralure, 'I'his is in a^’cord with 
u ave-meehanical th<'ory, whii*h rej(*its llu* possibility 
«jf a single eh*ctron bond in all cases cxt*(*pt Ih/it of 
the hydrog«*u molecule ion. 

Amongst otIuM* applications of this subject I may 
mention llu* investigations 4)f Hhatnagar and Kar- 
(]uiiarsou «>n polymerisation and the researches on 
magnet ii* properties in relation to pliasc e(|uilibrium. 
Cerlain rules regarding siriu'lurt*, f4)rmalion (»f inter- 
mediate 4*ompounds, etc. have been formulate<l. For 
example, it is concluded that in the case of solid 
solutions, llu* siisceplibilily-c«mcenl ration curve is a 
curved line, in the ease 4)f a mechanival mixture of the 
constitmnts, the curve is a straight line, whilst the 
appearance of a new phase indi(‘aling the formation of 
a ctmipound Ivriiigs ahout an abrupt change in the 
sh»pc of the curve. 'Plu-se generalizations have la'cn 
used by numerous investigators in the study of alloys. 

• It has been found that the magnetic Meld influ- 
ences the rate of chemical j'hang** and adsorption and 
these investigations have opened up a new line of 
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work on lh(‘ kinrtics of rmctions and (Ik* nurliaTiisin 
of tlu‘ (‘lu'inical clian^c. I n format ion on tiu- nature- 
ot ])hototro|)Ii y t-an lu; telttaincd from inaiiarlir 
nu-asiirrmi’iits. I*liote>tro|)liy in srvt-ral (ascs n-snlts 
from tIu- clian^'i- of aji^^rc^^alion »>f mallt r iindt r tin- 
influence of li^rht, alllionji;li in seme eases swell as 
tile- Iransfeirmation e)f anllirae-eiie into ciiantlirae-e-ne-, 
a meire- intrie-ale intrameeleeiilar e‘lians;e- is inveelve-et. 


I have- saiel e-noiiuli te» lay bare- se>me' of Hie- fasei- 
iiatiiijL*' features of lliis siilijee-l. 

In eonelwelinj* this siir\e-y, I e-amiot l»e-l|> hoping 
that eliis liisleirie- nu-e ting will liel}) us in forging new 
heuiels e»f pe rsonal inagne lisni wliie-li will le-iiel to fiirtlie-r 
ael\ane-e s in Pliysie-s and ( Iwmisiry ami tei the- e-e-me-nt 
ing of (he- re lalion hetwe-eii the- KasI and (he- West 
and the edei and the- ne w worhis. 


Geology 


Structure of the Himalaya and 
of the North Indian Foreland 

-II. .\. Wuiliii 

(ie-o!ogie-al vveirk e-arrieel out during the last lew 
years has thrown miie-li light on the- striie-eiin- eif 
Northern India, a region <d' the- e-\l raetrdinary ge-eite-e- 
ionie interest, as miieh on aeeeuint of the magnitude- 
and intensity eif the eruslal elefeirmations, invedving 
the upwarp of the Himalayan ehain and the- forma- 
tions, at its foot of the* deep parallel Indo (iaiige-lie 
ele-pressieins, as e)n ae-eouiit of the- extreme yeiiith of 
Iheise- world transfeirming events. 'I’he re-gieoi e)f 
Ne>rlhe-rn Imlia re-solve-s itself te e-temieally into two 
lireiael helts, the- plieateel ge-osyneline of the- Himalayas 
and the e-eige- of tile- Inelian }M-ninsular massif, that has 
ae-te-d as tlie- forehinel anel in the- preee-iss sagge-d uneler 
the* strain ed' the* feileling e)f the* iieirthe-rn oreege-n. 'I’he- 
struct lire* of this fore-land is re*\eale<l in feuir princi- 
pal units: (1) 'riie- l{aj|)utana ))laliau, pre)le>nge*d 
northwards intei the- "Ihinjah we-elge- ’’ of (ronelwana- 
land, wliie-h has played siu-h an im])e)rtaiil part in 
moulding the trend of N. W. Himalaya; its main 
leelonie strike- is transverse* to the- Himalayan strike. 
(*J) 'I'lie- Pot war treiiigh, a te-rtiary ge-osyiie-lim- 
e*ontaining lia.OOO ft. of Ihiviatile* ele|)osits. (:{) 'Po 
the siiuth east the* Peitwar geosyiu-liiie* wieleiis intei the 
gn‘at synelinoriiim of the- (iange-tie- trough, I'JOO 
mil(*s long and *200 miles wide-, mostly fllle-d up hy 
late* PIeisteie*e*ne altin ialioii. ( 1) 'Pile- .Vssam |)lat( an, 
a tongue of the Cieuidwaiia mainland, has jilaye-d the* 
same j)art as the* Pun j ah we-elge* in me>ulding the 
Himalayan trend at its eastern e-.\l re-iuity. 'I’he- 
Assam valh-y is a " ramp ” vall(*y. 

Hut few parts e»f the Himalayas have* bee n .so far 


iiive-stigate-el in iletail for their slriulural plan. 
.Vre-as in whie*h de-taile-ii mapping and stratigraphic 
anel te'e*tonie* work have- In-e-n earrie-ei out are* the 
Kashmir iiieuintains. the- Simla are a, a pari of Harliwal 
ami the* ne-ighhe)urhe>e)ei ed Ml. l‘'vi-re-st in Sikkim. In 
Kashmir the* Himalayan system id' earth fedils imele-r 
goes a dt-e-p syntaxiai he mi roiiml a jn'Milal point 
a narrow prennonlory ed’ the- Piinjah fore-laml hieide-n 
iimler the late- 'Pe-rtiary eh posits. 'Pin- iimst important 
te-e-teuiie feature ed' this \. W. Himalaya re- entrant are- 
two eenieiirre-nl thrust plam-s ele-limiling the- aiito- 
(-hlhe>nous folel-he-lt at tin- seuilh fool of the- Hima- 
layas against the- e-elge- ed’ the- fore-laml, whie*h have* 
trae-e-d roiiml the- sxnlaxis for a elistam-e- ed' *JoO mile-s. 
'Pile- inner of lliesr lliriids marks the- front e»f tlie* 
Kashmir unppc of pn- ('amhrain ami olde r Palae-o/.etie- 
reie-ks. whii-h has moM-ei se>ulhwarels along a low plane* 
eif thrust and eiu-reiae-lu-d ii|)on the- aiitoe-hthemous 
he ll ed’ Carheenife-reuis l*'.eK*e-m sile-e-e-ssieni, eehiite-rat 
ing it at plae-e-s. l-'enir o\e-rlhrusls ha\e- he-e-ii noteil in 
the* Simla mountains, ri-pre-se-nting tiat, i*ee*iinilu*nt 
fedels ed gre at ampiitiiele-. 'Phe- Pre- Camhrian he-n- 
is pile-el up on tin- ( arhonife-reuis and Pe rmian s(-(|m*iu*t*. 
Pin- Simla roi-ks an- teitally unfossilife-reuis ami tin* 
e-viele-m-e- e)f tile- siipe rpeesit ioii of highly m.*itameirphosi‘d 
pre* ('amhrian, hiiilding some- of tin- promim-nf pe-aks 
mar Simla {Klippiiij o\ir the- less alten-el yemngi-r 
ren-ks, is ohtaim-d hy a study eif re lative- me-taimn-phism, 
une-emfe>rmilies, thrusts, e-te*. In the- (iarhwal ana 
re-e-e-nt mapping has |)re)\eel two siipe-rpose-el nappes, 
the- Kred ami (iarhwal nappes, e-ompose-d ed’ the- edde-r 
reu-k feirmaliems ene-rriding tin- aiiloehtlnmoiis Carhoni 
fe*re»us Keee-e-m- se-(|ue-m-e- e>f the* Oiite-r Himalayas. 

iele-iie-e- id’ tin e-.\tre‘me‘ \oiilh elf Himalayan oro- 
geny has miiUiplie-d in re-e*e*nt ye-ars; inve-stigalioiis in 
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PIfistoi-riif, ^Incinl rtriil fluviHtilr deposits (»f the 
Knslimir valley sii^if/^esl that lulween 5()()()-S()00 ft. of 
uplift lias taken plaee sinee lln‘ end of tlie Pliocene. 
A part of the address deals with the recently dis 
covered j^ravity anomalies, both positive and nej^ative, 
in the Himalayan rejrion, which cannot he explained 
on tin* hypoth(‘sis of isoslasy. On the whole, eoiii- 
])ensation is in excess in I lie central Himalayan 
ranges, while the outer Himalaya is an area of over- 
load linder-eompensation. 

'Phe arcuate form of the Himalayas, |)resenlin^ to 


the soiitli three prominent festoon.s, is best explained 
as the result of three crustal pe^s arresting the free 
movement of the plastic folds pressing against the 
Indian horsl under pressures from the north. The Oreat 
Himalayan range, built mostly of granite or pre- 
C^ambrian sediments, from the llrahmaputra gorge to 
\anga Parbat on the Indus, thus denotes the Hima 
layan protaxix, the axis of original upwarp of the 
Tethyan geosyneline. At bi>tli its ends it has under- 
gone sharp southward deflections to accommodate 
itself to the sha))c of the foreland. 


Geography and Geodesy 


The Physiography of Rajputana 

— A. !\1. Iteriiii 

'Pile Physiography of najpiitana was deseribecl by 
Dr. A, M. Heron in his address lo the (ieography and 
Geodesy seelioii. 

Knjpulana, a congeries of Indian States, has an 
area of l.*iO,M)2 s(|uare miles, and is roughly rhomhiis 
in shajie, with sides of <tv(‘r jOC) miles in h nglh. 

The main geological interest of UaJjnilana is its 
long sueet'ssion of pre Gamhriaii rocks helonging to 
six separate sysleins or series, and, in one arc-a, the 
presenei* of .\rehaeans in an extraordinarily unaltered 
(‘omlition. 

'Pile Aravalli mountains rim across it in a north- 
east and south west direction from Delhi to the plains 
of (nijral. 'Phis is a very Miieieiil range of fohh'd 
rocks, deeply eroded, hiil still bi’aring summits of over 
4,000 feet in height. 

North-west of the Ara\alli rangi* is a sandy waste 
diversified by rugged hills of granite and aneieiil acid 
volcanic lavas, with exjiosures of jurassie and eocene 
strata far lo the. west. Sonlh-easl of the range is a 
rocky gneissie plain, slo])ing gently eastward to the 
plains of Hindustlian, and in the extreme south east 
is the plateau of horizontal Vindhyaii sandstones, with 
the lava flows of the Deccan trap reaching its southern 
base. \ great fault runs along the north-east margin 
of the Vindhyans and this Dr Heron suggests, may 
be mesozoie in age. 

In plan, the folds wbieli make up the range are 


like a ])air of fans joined by their hamlles. The 
narrow handle imrtion is iirobably a simple syncline, 
hut to the north-easi and south-west of this eonstriie- 
lion, complicated folding conus in and each fan is a 
synelinorium t>f’ isoelln(‘s, di]>ping to the north-wi’st. 

Folding stee)H*ns as one passes across the 
synelinoria from south-east lo north-west, eoneiirrcntly 
with the iiKTcase in melamorphism and the amount of 
igneous intriisiou. 

.V pctieplane has beiii detected, levelling the tops 
of the high quartzite ridgi's, Iml raised towards the 
centre of the range, and falling along its length to 
either end. 'Pile author suggests that this ])enep]ana- 
tion took plaee in tie* Mesozoic age and that the range 
was rejuvenated and I his yieneplane arched by move- 
ment contemporaneous with tlu* formation of the. great 
fault. 

Ll.-Col. H. Ji. Seymour Sewell has .suggested that 
tlu: grccl submarine ridge on which are situated tlie 
coral atolls of the Daeeadive, Maldive and Chagos 
archipelagoes, is a continuation of the Aravalli range. 

It is believed that the steep, straight coast of 
western India is determined by a fault parallel with 
the coast, and later than the Deccan trap, the Raj- 
putana fault being earlier than the trap. 

If Ihese assumptions are correct, the Aravalli 
range was peiieplaiied in the Mesozoic, re-elevated 
before tlie beginning of the 'Icrtiary, and the southern, 
submarine eontiii nation of it was let down in the 
'Pertiary, after the "Deccan trap was outpoured. 

A second possible peneplane of Tertiary age is 
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represented by the erosion surface of the softer roeks, 
to the casl of the range ami in the vallrys above whieli 
rise tile great resistant quartzite ridges Irunealed by 
Mesozoie ]>eneplane. 


There is a iliird peneplane, of “ sub rc'ceiit ” age, 
of tlie older alluvium of hhuiujar of tin* I ndo-fjaugeiie 
])iain.s. Ill this llir prrsiiil rivirs nv: eroding their 
beds ami depositing the newer alliuium or Khutlar. 


Zoology 


Zoology and its Advancement in 
India 

--llr <■ Mtillliai 

He said oei'anographieal investigation of llie Indian 
Ocean was eoiidiieted since the first ineeliiig of the 
Indian Science (’ongress mainly by H. I. M. S. ‘ Inves 
ligator ’ (till and the dobn Murray Kxpediiion 

( 1 1 ) , under the direetion of Id. (‘ol. Seymour 

Sowell, F.lt.S. Previously llu‘ “ Sea lark “ Kxpediiion, 
under tin* leadt'rsbip of Prof. ,1. Stanley (Jardiner. 
K.R.S. bad surveyed the Western Indian Oec'an south 
t>f the Maldives, more particularly tin* islands <»f the 
(’hagos Arehipelago and tin* Hasearene region (during 
190.5 H)()(i and 1908-1909). 'Phe work .)f the Sea-lark 
expedition was mainly on prohlems relating to eoral 
reefs and atolls and their Biology, and was a eontimia 
tion of a jn-evious study of the .Maldives and 
l.aeeadives. The It. I. M. S. “ Inve^ligator “ eoii- 
eeiilratetl its work in tin* .\inlaman Sea a:nl the Bay 
of Bengal. 'Khe recent work of the ,Iohii .Murray 
Kxpedition was in the region of the Arahian Sea. not 
covered liy the Sea- 1. ark Kxpedition. 'Pin* study oi' 
the Deep Sea Biology of this region was assisted by 
physical, ehemit'id. hydrographic and topographic in 
i e.siigations. 'Pin* Survey of India cidlahoraled with 
tin* .lohn Murray Kxpedition in the cruise down the 
Maldives for making pendulum ohser\ aticeis with a 
view' to deU*rmiiiing the nature of the foundations on 
which the Maldivt's and l.aeeadives are situated. 

'Pin* work of tin* It. I. M. S. “ Investigator " has 
ext(*iided onr knowledge in regard to variation in the 
air temperature over the opi*n waters of tin* 
Indian seas, in the wind force in tin* amount of 
rainfall and in the relationship between the tempera- 
ture of the sea .surface and that of the air. 'Phere is 
always a vertical eireuintion of the. layers of w’att*r 
caused largely by differences in tc*niperature and 


saliiiily. \ reversal of st'asons is noticeable in the 
Indian seas at a liepth of about 100 fathoms, eompar- 
able to the pht-noiiieiioM that lakes place in the 
leinperale m*as. 

'Pile “ .Xfurray Hidge “ disi*o\ered l»y Ihe .lohn 
Murray Kxpidilioii appi'ars to he ultimalt*ly eoniieefed 
with the Carlsla rg Itidgi*. 'Phe latter ridgt* divides llie 
western regicin of the Indian Ocean into north fastern 
and south weslirn bahts “ King Kami Bank” is pro- 
bably a suhmt rgtal slt>II with a distim*! rim about 40 

f(*el liig'ii and h vcl lloor 180 i'alhtuos deep. 

0 

Uegardiiig the ret fs of tin* Western Indian Ocean, 
Prof. ,1. Stanley Jlegion differs from Ihe C’liagos 
.Vr(*hipt*lago in n gard to t*omlitions of r«‘t*f growth, 
changes adverse to n t f grow th taking phut* at a much 
faster ralt* than in the lalln*. 'Phe ngression td' the 
eoral reefs in the .Maseareiie regitm thu s not a))pear to 
he dm* to any hii>h)gieal n*ason such as sed(‘ntary 
organism that cause deslnielion by boring into tin* 
re(*f.s, siiu*e Ihi* aeli\ ity t>f sneh organisms is tieereased 
at tin* (h ])lhs at w hich re» fs tif lliis regitm art* situated, 
nor by sediment which eannol selth on Ihe seaward 
sitles of reefs and hanks iitn* by jireeipilal ittii t)f 
t*aleiiiin earbonatle (for snt*h pn-eipital ion is not visible 
on coral )>t)Ips on the se.iw arti sith s i nor by i*urrents 
w htise action is less on the sides fat*iiig sea, nor by 
temperature which at .50 fatlmins is not hiw'ered than 
01 th grie 9 1*’.. mn* by any det*reast‘ in the ;imounl t»f 
plankton that serve as food tnaterial to eoral ptilps, 
for it is mil liahh* It) iinieh r|nant itat ive variaiitm in 
ihi* liiilian ()t*ean, nor tiot's Iht* (hemieal ttmiposititm 
tif the .siirfat*!* water in Ihe Indi.in Seas sht>w any 
appret*ial)h* diflerenee. 'Pin* t*t)mparativi* povt*rty of 
tin* deep st*a fauna in tin* (‘hagt»s and MaseHrt*nt* 
regitms is })t*rhap.s iliit* (t> tin* hanhiess <»f the st*a Hnor 
and tt) the fact that tin ({uaiiliiy tif plankton whitrh 
servt* as foot! mat.t'rial to Ihe largt*r tirgaiiism.s j.s less 
in the Indian Seas than in the tem]n*rate regions. In 
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s))ilf (if I lie " shallow and ficrct* coiKlif ions " of lif«‘ on 
lli( reefs of these regions it is interest inj[»- to observe 
that the animals do not exhibit any spt'eial strnetiiral 
features that may be rei»;arded as adaptations to tin 
jieeidiar eii\ iro imental eonditions. 

The /i()oIoj*;ieaI Survey of India, has been eiij^atjed 
maiidy in faiinistie investi^ration. more spetdally of tin* 
braekish wattr of the \^'hilkaIate and its island 
(Markiida) tlx* estnarim* fauna of (loa. tin* fauna of 
the Miitlah river of the hde lake, the Indian fresh 
water Molliises and their 'rrematode parasite, the 
aquatic terrestrial fauna of the Ihmjab Salt itan^t^. 


the eave fauna of the Siju eave in Assam. I'artieular 
attention has luam paid to the study of llie fishes of 
hill streams in various parts of India and their strue 
tural and other adaptations to this peculiar environ- 
ment. Fisheries research, specially ‘ 'rroehus ’ was 
eoiidiieted in tin* Andamans. 

Dr. Matthai made a brief survey of the zoological 
study ill India and (‘onelud(‘d his address thus: “ 'I'he 
future «d‘ our seieiiee in India is secure in the hands 
of thi' imtliiisiastie zoologists workinii^ in diH'ereiit 
parts of tin* country. Its advancement will lie still 
further enharieed by the establislmu'iit (d' a Depart- 
ment of Zoolo^iV at every seat of learning;* in India.” 


Entomology in India 


Past, Present and Future 

!\l. /\fz»l IlfiMiin 

India claims to have domesticated the silkworms, 
she has cultivated the lac instel for thousands of years, 
and has used honey, as food, and in rituals since pre- 
Idslorie times. Afieicnt Imiians made elaborate studies 
on the nndieinal values of insects and invented repel- 
lent'* to protect themselves from insect tormentors. 
.Vn Indian Ivitomoloi'isl invented the name Satpnda, 
hundreds of wars before l.alreille’s term 

piKlu. .Mharva \’eda contains hymns on control 
of instet lif( . 

I.i'injieus M7.)Si iiielu'Icd in his " Systema 
Natur.'K* ’ 1*J sjieeies of Indian insects, and thirty years 
later b'abrieius ( ITJPJ UN i ineluded in his " I'.ntomoln 
(fin si/sfi'nitihni ” one Ihe.usand Indian species, eoth'eted 
mostly by the Clirislian Missionaries. 'I'lius during 
the last ird) years insects have received much at ten 
tio*i. numbers of the Asiatic Society of Hengal, the 
Hombay .Natural History Society and workers in the 
Agricultural, Forest and Medical Departments had 
made eont riluit ions to insect study. It is est 'mated 
that .so far I.().()()() spe cies of insects have been studital 
from India. 

'Fhe number of the existing species of insects in 
India cannot be less than *2.r} millions. 'I'herefore, we 
onlv know one insect of our country for every liO tlial 


we I* now not. The condition of our insect eolleelions 
is also very unsatisfactory, it is distressing to rtiul 
that most of the ‘types’ Indian insects have gone 
out of the country. In our museums we have hardly 
one ‘ type ’ for every hundred species described. 

'I'he Indian .Museum laid tin* foundation of .Vgri 
cultural Kntmnology in ISSt and the Imperial Insti 
tiite of Agricultural Keseareh at Fusa and the Agri- 
eidtnral Departnunt in tin* provinces and sonu' Indian 
Slates have carried on the work. The Indian Central 
Colton Committee, the Imperial (diineil of Agricul- 
tural 111 search, the Indian 'I’ea .Vs.soeiatiou and the 
Indian Lae Association have fosti red the study (d’ the 
inserts (d’ agricultural imporlanee. Similarly the 
small band of workers in b'orest i'nilomology have 
achieved much sueeess. 

Ronald Ross and the workers who followed him, 
have made most valuable contributions to .Medical 
K!it(»iiiology, which have been of utmost utility t(» 
hiimatdly. 'i'he Indian Research Fund .Vsso(‘iation 
has financed much research oti iuscets of medical im- 
port anee. 

N'eterinary Fnlomology has been greatly ignored, 
and it is oidy lately that an Fiiitomologisl has been 
ap])ointed to study insect pests of domesticated anii 
inals. 

In eduealion entomology has long been the ('in- 
drclla among sciences. Kven in Agrieiillural 
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Colleges it is poly within the last few years that en- 
tomological teaching has received some attention. 
Fn most Medical antf Vt;terinary Colleges Entomology 
has no place in the curricula. 

We are equally iH'hind in Entomological literature. 
There is no literature on insects in any of the vcrjia 
eulars of India. The Fauna of British India is not 
developing as fast as one would wish it t<i devehtp. 
We have few catalogues of insect groups. 

According to Sir 'rhornas Holland among the 
sciences of econoinie value entomology perhaps ranks 
first in importance to India. Sir Mirza Ismail has 
drawn a veryghamiy picture of the conditions in oiir 
motherland. Over one hundred million people sufi'er 
from malaria every year and one million suec'timh to 
its effects. " 'I'lie debility, poverty and apathy cans 
e<l by this disease are fa<‘tors of magnitude in retard- 
ing the national, so(‘ial and (‘i‘onomi(‘ progress of the 
<*ountry.” Annphvlvs, brought about the decay of 
the (jreek and Homan eivili/.atious, and is to 
(lay one of the major otislnelcs in our pr(»gress. 
.Veeording to I'leteher the siigareaiie pests alone cause 
an annual loss of ;t00,0()(»,000 rupees. The hide 
industry of tliis country suffers a yearly loss of l.o 
erorcs of rupees from one insect — Ox Warble Fly. 
At a very imulesl eoniputalion the annual loss caused 
to India by inseels has been pul at ‘JOO erorcs of 
rupees, and a loss of over million and a half of human 
lives. It is a truism that inseels have been respon- 
sible for more destruction of pro])erly and loss of 
life than caused by all wars. Hoods, earth(|uakes, fires 
and famines in human history, and the lossivs caused 
by them are tm the increase. Advancing civilization 
is producing conditions most suitable for insect multi 
plication and spread. 


The tribute of Rs 200 erorcs which India ])ay.s to 
the demons Saipada is a heavy drain, which .should not 
be permitted to continue. An effective defence against 
these eiu'inies will reduce this enormous wastage and 
India will have enough money for her national develop- 
inciit. 'I’o efl’ect this we must produce an army of 
workers to study insect life in all its aspects and an 
army well equipped with knowledge and machinery 
to fight these demons. The public must l)C made to 
appreciate the importance of in.seet study. Ento- 
mology must take its place in our schools and univer- 
sities, agricultural, iiu'dical and veterinary colleg<‘s. 
Funds should be provided to develop pure and applied 
Entomology. ^V(‘ have depended far too long on the 
generous assistance of foreign workers and institutions 
for the progress of Indian Entomology, but time has 
come w’hen we must shoulder our burden. In every 
province and every Slate insect surveys should be 
conducted, Museums for insect collection and insect 
study e.stabli.shed. Indian Universities should come 
forward to lake tluir full share in entomological 
dc^elopm(‘nt. 

Entomology has long ceased to he a subject of 
purely national interest. Insects recognise no politi- 
cal barritTs. India has been invad(‘d hy insect pests 
of otlu‘r countries and in return Indian iivsecl pests 
hnv(‘ reached otIuT lands. (Quarantines have bet^n 
cstablislu‘d, certificates of frctslom from diseast' are 
demanded for imporiation of plants. Warfare against 
insects shall liave to be carrieti out on international 
basis ill the near future. Our country, therefore, 
must be prepared to lake its place among the ranks 
of the international force for war against insects. 

We need an Entomological Society of India and 
an Entomological journal. 


Anthropology 


The Racial Composition of the 
Hindukush Tribes 

-Hr II. S. 

Dr Ji. S. (luha addressed the Anthropological 
Section upon “ The Racial Composition of the 
Hindukush Tribe.s.*’ 


’riu‘ rt gion south of the Hindukush and Karakorum 
mountains, occupied a strategic position in the racial 
geography of India, for in these diflicult, high moun- 
tainous valleys were still sheltered some of the 
remnants of the northern steppe folks w’ho invaded 
India in tlu! second millennium H. C. 


Linguistically the tribe.s living in this area 
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could be classified under two heads, namely, Dardic 
and Burushaski, with Kafiiri occupying an inter- 
mediate position between Iranian and Indian. 
Burushaski was unrelated to any known language, 
but Morgenstierne’s investigations had shown the 
essentially Indian character of the Dardic and even 
the Kafiiri languages. 

The earliest investigations on the somatic charac- 
ters of tliese interesting tribes were those <»f Ujfalvy 
followed by Stein, Daiiielli and the author himself, 
who, as a member of the seientifie expedition sent by 
the (fovernment of India, visited Katfristan and 
('diilral in 

From a eareful (‘onsideration td physical 
<*haracters, it appeared that the basic racial type in 
the entire region was a short, dark dolieiiocephalie 
strain with prcmiincnt long nose, (»ft<‘n acpiiline, 
which might be regarded as a variant of Kugeii 
Fischer’s Oriental race, and the most eliaraeterislic 
type of the region. 

Besides this principal type they had tlie southern 
extension of a broad headt'd race clo.sely allied to 
what was known as the Dinaric race of eastern 
Kurope. in its strongest form it was found among 
Ihe Khos of the (’hitral valley and the Burushos of 
Hun/a Xagir, though it occurred throughout the 
l)ardi<‘ tribes in varying degrees. The skin colour 
in this race was [irevailingly of a rosy white tint hut 
the eyes wi’re more often hazel and green, and the 
colour of the hair was brown. 

The third main ra<’ial strain was a tall dolicho- 
ce])halie type with long and straight nose. It formed 


a very important layer amo<ng the Kaffir and the upper 
stratum of the Burusho and the Dardic tribes. The 
distribution of the cephalic index* in this type follow- 
ed the same trend as found by Ariens Kappers in 
the races of the Aral-C-a.spiaii region.s and very 
similar to that which formed the dominant clement 
in llic North FiUropcan population, from whom its 
chief di.stinction lay in the integumentary colours. 

Whereas in Sweden the blond type represented 
49% of the ))opulation, among the Kaffirs it did not 
exceed !•')%. Blondncss, as was well known, was 
due to a deficiency mutation which .suppres.sed the 
appearance of pigment. It is certain that this defi- 
ciency mutation hud occurred in this and at h'Hst in 
another, namely, the Kast-lialtic rare, at some time 
or other. It was j>robable that the mutations for 
skin, eye and eye colours had taken place separately. 

In tiu* Baltic tribes the high rate of tht* d*‘ficieiiey 
mutation might probably account for tin* larger per- 
ecntagi* of the blond as compared tt> the ilitidukush 
tribes, among whom the aetivator.s wen* perhap.s 
dominant over suppression causing the gt'iieral ]M‘r- 
si.stenec of the more pigmented peo])le. 

Lastly, an intruding Mongoloid element must also 
be rcsfnujsible for the yellowish tint in the skin 
<*olour and broad fiat nose found among many in- 
dividuals. 

'rile proportions of tln*.se strains varied in ilifier- 
ent parts. 'Fhe Dinaric and the Broto-Nordie 
elements were stronger in the we.stern valleys, wlu*re- 
as the basic Oriental and the .Mongoloid eh'meiits 
were more eonspieuou.s in the eastern valleys of the 
Uj)per Indus. 


Agriculture 


Hybridization— Its Scientific and 
Economic Aspects 

—T. Venkiilriiiiiiiii 

'File Presidential Address at the Agricultural 
Section dealt with the main asjieets as.soeiated with 
the seientifie work that has been responsible for the 
production of the no w-w'or Id- famous Coimbatore sugar- 
canes. In the improvement of crops in India through 
breed’ng suga.eane .stands first in restdts, the area 


under iinprov<‘d sugarcaiu's occupying over 70%, of 
Ihe total against 19% for wheat, 10% for cotton and 
4% for ])addy. The Address presented a record of a 
(piarter century of intensive breeding work on this 
crop, 'rile C’oimbatore canes with the help of Tariff 
protection have materially altered the position of 
India in the matter of wdiite sugar. 

'riiough the Indian Sugar Industry dates from 
ancient time.s, the classes of canes grown over the bulk 
of the Indian area (Sub-tropical) w'cre some of the 
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poorest in the world. In fact, research has sliown that 
they belong to a totally different race from most other 
sugarcanes of the world which are tropical. While 
India w’as probably the home of the Indian race of 
canes which, though poor, arc hardy, the island of 
\cw Guinea is believed to be the original lioine of 
the other race of thick canes. 

The growth period for canes over the bulk of India 
is round about six month.s against tiu' 12 to 18 or 
even 21' months in the <ilher cane countries. Si'coiidly. 
the Indian crop has to pass through very wide varia 
tions in climatic conditions during its growth p<‘riod, a 
parallel to which is found only in (ountries like Natal 
or liOUsiana. These somt^what ditHeidt conditions 
necessitated a complicated hybridization prograniine 
involving the use of various types of sugarcanes in- 
cluding certain wild species. 'Fhe siuurss of the 
Coimbatore work is attributed to this comj>licHtcd 
breeding programme. In the wealth of material, 
available in the country as parents, India surpasses 
most other countries and the Coimbatore station has 
been taking full a<l vantage of this 4‘ircumstance. 

The mode of inheritance of characters in the cane 


is different from most other cro})s and the process of 
hybridization also presented various difficulties all of 
which have been suect ssfidly overcome. 'Fhe. various 
life processes by which new sugarcane types originate 
were described as also the different species of 
Sftt't'harum found in the world. 

Systematic Jfotanists have divided the grass family, 
to which sugarcane belongs, into Sub-families, (lencra, 
and Species. ()n«* ])opularly acee])ted definition of 
S))ecics is that they do not readily cross witli one 
another. Crosses bi'twecn Genera arc rarer still and 
between Sub-families almost eonsijlered impossible. 
In tIu* course of the economic work at Coimbatore it 
has been possibh* not only to en)ss sugarcanes with 
other speeies but other (fcruu’a lik<‘ Sonflium ( li)3()) 
and with a totally diffV rcnt Sub family of grasses, viz., 
the Bamboo (1981)). 'riiese hybridizations are eon- 
sidi red likely to hav«‘ far reaching repercussions on 
the (lassiiication of the grass family as a whole., 
'riieir ceonoinie utility lies in the fact that these wide 
hybridizations might render possible the introduction 
of entindy new genetic eharacters into the future canes 
from Coimbatore. 


Medical Research 


The Conquest of Kala-Azar and 
Certain Observations on the Chemo- 
therapy of Malaria 

— Sir 1^ i\. Ilruliiniirliiirl 

The earliest epidemic of kala-azar in Bengal 
(‘ Burdwan fever’) oeeiirred in the seventies of the 
last century, when it was probably eoinplieated with 
malaria. In this epidemic the fell disease had mocked 
every human effort, and ah.sorbed in its powerful 
grasp, day by day and inch by inch, every ble.ssed 
spot which once used to he prized for its salubrity. 
In more recent times the epidemic of the di.sease in 
Nowgong district of Assam produced .such an ap])al 
ling mortality that there w'as a de<-rea.se of 81.5 per 
cent, in population of the place in the decade 1891- 
1900. 

The mortality from the disease has now been re- 
duced from 90% or more to 1 or 2 per cent. Includ- 


ing complicated eases, it has been reduced from 99 
to less than 10 per c«*nt. 

'I'hc conr|ucst of kala-azar may he said to have 
licgun when ('ristina and Caronia ohtaiiu'd remarkable 
results in infantile kala azar of the Mediterranean 
basin by tin* use of tartar emetic. It has been observ- 
ed fBrahmachari and co-worker) that when metallic, 
antimony is injected intravenously in an lei.shmania- 
infcclcd (‘xpcrimcnlal animal in a slate of fine sub- 
division, the particles arc picked up by the same cells 
ill the s|)lccii as those that harbour the parasites of 
kala-azar and that in the struggle that cnsueN the 
fight cinls most remarkably in the coinjilcte destruction 
of the parasites in the spccdicsl w'ay. It is one of the 
most powerful Icishinanocides. 

It has been found that in the (*am])aign against 
kala-azar, Ireatment w’ith tartar emetic or sodium 
antimony tartrate had the disadvantage of being long 
and tedious. In Assam whieli was once the hot bed 
of the disease, mass treatment with these drugs was 
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therefore found diffieuli to enforce, as patients dis- kala>a/ar in Assam is demonstrated from statistics 
continued treatment altogether or attended very from the Annual Public Health Reports of the Govcni- 

irregularly after a few injections. It was felt that inent of Assam quoted below: 


STATJSTK’S OF NIJMHKR OF KAI.A-A/AR CASES TREATED HY THE GOVERNMENT OF ASSAM 
AND THE NUMBER OF DEATHS FROM THE DISEASE 
PuoviNCK OK Assam a.s a wiiolk 



Year 

1925 

1920 

1927 1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

No. 

of eases treated 

<i(),9 40 

49,385 

33,415 23,57(1 23,804 

1(1.430 

12,592 

1 1,958 

12,050 

13,398 

11,100 

No. 

of deaths 

(1.3(}.) 

1,170 

2,859 l,(i(>() 

1,105 

953 

1,017 

.987 

719 

770 

815 





DhSTIlIC TS 












Siflhet 









Year 

1925 

1920 

1927 1928 

1.92.9 

1.930 

1931 

1.932 

1933 

1.931 

1.935 

No. 

of eases treated 

.. 10,93t 

10,335 

10,527 8,)88 

9.102 

0,72() 

5,512 

1.719 

4,210 

1,012 

;i,8(i9 

No. 

of deaths 

2,109 

1,320 

798 482 

129 

274 

240 

290 

110 

227 

200 





Ooalpara 









Year 

1925 

1920 

1.927 1928 

1.929 

1930 

1931 

1.932 

1933 

1.934 

1935 

No. 

of cases treated 

(1,003 

5,071 

3.495 2,*110 

2,389 

1,139 

992 

1,089 

1,159 

1,107 

1,245 

No. of deaths 

15:1 

297 

220 100 

135 

112 

121 

122 

92 

(11 

100 





Knmrup 









Year 

1.925 

1920 

1927 1928 

1,92.9 

1930 

1.931 

1932 

1933 

1931 

1935 

No. 

of cases treated 

8,75:i 

7,301 

0,115 3,577 

2,598 

1,81 1 

1 ,090 

2,001 

2,223 

2,1.97 

1.405 

No. 

of deaths 

1,120 

71 1 

175 211 

180 

102 

100 

152 

129 

151 

170 





Darranf/ 









Yi*ar 

1925 

1,920 

1927 1928 

1,92.9 

1.9,30 

1931 

1932 

1.933 

1.931 

1.03.7 

No. 

of cases treated 

5,202 

4,414 

1,053 2,228 

1,399 

1,100 

912 

005 

757 

870 

738 

No. 

of deaths 

178 

174 

318 258 

211 

185 

222 

155 

107 

130 

91 





Xoicfpfttff 









Year 

1.925 

1920 

1927 1.928 

1929 

1.930 

1.931 

1.932 

1,933 

1.931 

1935 

No. 

of cases treated 

13,895 

9,580 

5,008 2,014 

2,433 

1,440 

1,067 

1,075 

1,003 

1,720 

1.051 

No. 

of deaths 

1,115 

839 

528 200 

178 

i;i2 

129 

i;i2 

110 

78 

52 





(ram mih 








Year 

1925 

1920 

1927 1928 

1929 

1930 

1.931 

1932 

1933 

1.934 

1935 

No. 

of cases treated 

1,952 

2,812 

1,828 1,090 

2,905 

1,905 

882 

005 

850 

927 

000 

No. 

of deaths 

135 

340 

350 151 

1 19 

81 

01 

43 

31 

28 

58 


the difficulties in reducing the number of ‘ Stopped 'Fhe figures for Caehar which are not exhibited 

’Preatment ’ cases would be overcome more effectively, in the above tables are very interesting. Out of 5,1 8fi 

if some drug could lie introduced wliich w'ould be more (‘ases treated from 1925 to 195(1, the numlier of deaths 

efficacious than tartar emetic and take a much shorter w'as 5(1 showing a percentage of less than 1.08 per 

time to effect a cure. Sucli a drug was found in cent. Out of 574 cases treated in 193(1 the number 

‘ urea stibamine.’ Its value in the campaign against of deaths was 2 showing a percentage of less than 
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0.8 per font. The incidence of the disease in Assam 
has Iwen reduced from 00,9'1'0 in 1925 to 10587 in 
1936 and the mortality from 6365 to 753 during- tin* 
same period. Tlie disease has lost all it^ terrors in 
the Province and people who suffer from it are less 
afraid than those who suffer from malaria. 

The Kala-azar ('tunmission, India, list'd, through 
out the seven years of their existence, urea stihamine 
only, in the routine treatment of kala-azar. Accord- 
ing to them the acute fulminating type characteristic 
of the })eak period of an epidemic resptmtlcd to treat- 
ment w'ith urea stihamine ixtraordinarily promptly 
and with an almost dramatic cessation of iever. dimi 
nutioii in size «»f the sjilecn and return to iioriiial 
condition of health. 

In 1933, the Director of Public Ht*allh, Assam, 
noted that “ It is no exaggeration to say that approxi- 
mately 3.25 lacs of valuable lives Iwnc been saved 
to the Province." 

In 1922, in studying the treatment of kala-azar, 
the speaker observed certain remarkable skin erup 


interest than kala-azar. The chemotherapy of quino- 
line and acridine compounds in malaria may one ilay 
play an important part in the canqiaign again.st the 
ilisease and its conqiu'st. While .some ([iiinoliiio and 
acridine compounds havi* marked destructive action 
on paramoecia. most of (hem have been observed to 
have no action jui the parasites of malaria when u.sed 
clinically in ])alii'nls suffering from the disease. 

Ittvcntly a com])oimd having a similar composition 
to that of ipiiiiacrinc or atebrin has been synthesized 
in the speaker’s laboratory. It has been u.sed as 
hydrochloride or hydrobromide. Its action in benign 
tertian and malignant tertian infections in man is 
indent ical with that of atebrin. Shorlt and Mcnon 
have observed that in a series of (‘xpi rimeiils carried 
out with this (‘om]>ound and atebrin on monkeys in- 
fected with Plnxmn(Iinm Inunvlvsi, the effect of the 
two drugs in sterilizing the pt'riplu'ral blood, the 
cure rate, and rclapst' rale were identical. Its effect 
on paramoecia is noted below; 


HTKKNGTII 

1 :1,000 
1 ;5,000 
1 : 10,000 
1 : 10,000 
1 -.80,000 
1 : 100,000 


E^rpennunii So. I 

KI FKC T ON 

Death in 2 to I minutes 
Death in !• to 6 minutes 
Death ill 8 to 10 minutes 
Death in 12 to 15 minutes 
Majority died in J of an hour 
.Majority di(‘d in 1 \ of an luiur 


Ksperimenl .Vo. 11 

KH*K( T «»N l*.\H.\MOK( I.\ 

Death in 3 minutes 
Death in 3 to 5 minutes 
Death in 7 to 10 minutes 
Death in 10 to 1 I- minute s 
.Majo.-ily died in I.] hours 
Majority elicet in I .] of an lumr 


1:120,000 P»-w deaths in 1^ e>f an hour Pew deaths in 2 hours 
1:160,000 No death in 2 hours. No death in 2.1 hours. 


K.i'inri infill .Vo. Ill 

!• ( T ON I* \U \MOK( I \ 

Death in 2 to .5 minute s 
Di'ath in I. to 6 minute s 
De ath in 6 to 9 minute's 
Death in 10 to 15 mifiute's 
Majority die'd in 62 minutes 
.Ma jority die'd in I .J hours 
( lew survi\ e'd ) 

Pew deaths in 2 lunirs 
No eh'Mth in 2.1 lu>urs. 


tions caused by Lnnh mania doiwvani de ve loping in 
kala-azar patients lwe» e)r three' years after e'ennpK'tiem 
of antimonial tre-atnuTit anel apjiare'ul e'ure, though 
under ordinary eemelitions, in kala azar the' skin shows 
very little involvement or nemc {Ih rmal lyishiiianoid). 
Viable Ici.sbmania have be.*en e'ulture'd treim these skin 
lesions in lest tube's and sanelflies. 1 hey are the're'- 
fore; a soure'e* eif iiifee'lion and the' coiKpiesl <d kala 
azar oaiiiiol be regarded ('oinplete unless the.se lesions 
arc either averted or quickly cured. In the cain])aign 
against kala-azar and its conque'st, pro}>e'r handling 
of ca.scs of dermal leishmanoiel is an important pe»int 
to be taken into eonsidrration. 

Certain Observations on the Chemotherapy of Malaria 

Research in malaria-therapy has been intense in 
recent times. In certain parts of India it is of greater 


'I’hc iliscijvcries j»f effect iv<' anlimalarials and 
Icisbmnnoeidcs ratd\ among the liigbesl triumjdis of 
synthelie tlnniistry in its application to tropical 
medicine. 

The author eoiiebub's by saying that if along W'ith 
the roiupiest of malaria and kala-azar then' is in 
India ‘ a pro))er bala?iee between labour-saving devices 
and indust ry-inereasing discoveries.' and if her people 
‘ will bill decide to put in play tin- metbods,’ wliich 
scicnci' tfulay has provided for .sufficient supply of 
food and clothing and .shelter, then the iieallb and 
(coiiomie prol)lcins of India, with her endless natural 
rc.soun'cs, will Ix' solved l(» a great extent and much 
of her unrest and unemployment will ccasc and she 
will have the opportunity of being richer, happier, 
healthier and freer than ever hef(»rc. 
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Veterinary Research 


India’s Veterinary Problems 

—Sir A. OI%'rr 

Sir Artliiir first paid a lii^^h trihiitc to Sir rrcdrii-k 
Hobday’s lif<.-l(»ii^ d<‘\<)(iori to tlic interests of the 
veterinary profession. He then ^ave an aeeoiinl of 
the developiiKiil of veterinary work in India from 
1788. The aeeoiint was of absorbing interest and 
rapidly a|)proaehed the timt* when the first veterinary 
seliool was opened in 187t at Habuj'arh. 

In IHSI the (rovermnenl of India offered a prize 
worth Its. 200 for the best orij<inal paper on the 
horse disease «*oiniJii)nly known as Kiimari or 
l^araplegia and in ISS.'l, with a view to ene<uiraf»finj^ 
the study of veterinary seieiiee, tlie Governor of 
Beiif^al offered two prizes, one of £50 and tlit* other 
of £20 open to Army holders of agrieuUural seholar- 
shij)s frtnn Ibnijinl, who liud studied at the Itoyal 
A^rietdtnral (’jille^t*, (’ireiieesler. 

'rims th<‘ value of viderinarv work gradually be- 
eaine estalilislnd but ev< ii today the position of 
diseasr* eontnd in India is peenliar in that there are 
no veterinary praetilioners, exeept a few in Caleiilta 
and other bi|i; eities, and sloek-«)wners are almost en- 
tirelv dependent jui (Jovernineiil veterinary serviees 
for vt'terinary aid. 

It is Ihereftire iiienmbent upon Governmeiil.s to 
organize and maintain siiitalile provincial veterinary 
serviees for the eonlrol of eontagious disease and to 
provide veterinary aid and assistanee in the proper 
eare and managem«-iil of live-stm k. 

In the early tlays, lhes<' .services were mostly under 
the Direelor of Land Records and at tliat time there 
were no veterinary colleges in India. 

The obvious step for the advaneenieiit of veterinary 
seienee W'as therefore to establish suitable colleges or 
schools for the training t>f veterinarians in India and 
when graduates !)eeame available, provincial veleri 
nary services were gradually organized by ottieers 
lran.sferre‘d from the Army Veterinary Department t«» 
take charge of the newly formed (’ivil Veterinary 
Departments, 

V'eterinary ho.spilals and dispensaries were opened 
at .suitable centres and tlie work of the Departments 


lias gradually been developed and extended as more 
graduate.s have become available. 

'riie scope for development of veterinary work in 
India is liowi ver immense, not only in the control and 
treatment «>f contagious and (nizootie disease, which 
is rife, but also in such animal liiisbandry matters as 
systematic eonlrol of breeding operations, and inocula- 
tion of improved slock against diseases combined with 
organizt‘d castration, at a suitable age, of inferior 
males not required as sires. 

Owing to the general lack of wealthy land owners 
who lakt‘ a giMiuine interest in livestock improvement 
this work is t»f the greatest iiiqiorlariee and recently 
the (»ovt‘riimenl of India has recommended that all 
animal husbaiulry work shoidd be in the hands of 
Provincial and Stale Animal Husbandry Departments, 
based on the t listing Provim ial W lerinarv Depart 
ments. 

At })resent this work is partly in the hands of 
Wterinary Departments and partly Agricultural 
Departments but it is clearly essential that veterinary 
graduates from Indian »‘olleges sliould in any ease 
be thoroughly trained in tin* fundamentals of animal 
husbandry, particularly as then* hardly exists in India 
an (‘diieaU’d class of seii'iititic stock lirecders from 
which young men with liereditary knowledge and 
interest in live-stock could be drawn for the control 
of breeding operations. 

Indians who have received veterinary training have 
already proved their superior value in such work and 
with a Niew to inereasing existing facilities, particular- 
ly for training in animal husbandry, it lias recently 
been recommi'iided that a dairy should be maintained 
at every veterinary college in India and that the 
I.D.D. course should he open to veterinary graduates, 
after a reduced course of study in addition to what 
is given in their graduate course. 

One of the most important steps ever taken for 
the development of vetc*rinarv work in India was the 
appointment in 181)1 of an Imperial Haeteriologist, 
whose headquarters were in the first instance at Poona. 
After two years, it was decided to instal tliis officer 
at a Veterinary Research Laboratory at Muktesar, in 
the Kuinaon Hills, ‘ for the investigation of diseases 
of domesticated animals in all provinces in India. 
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The first Imperial Racleriologist was Lingarcl, a 
medical man, whn amon^ other things discovered the 
specific affinity of arsenic for the parasite of Surra: 
a discovery which has led to results of the furcates! 
iinj)ortance to the hmnaii race. 

From the day of its cstahlishinent in the Kuiiiaon 
Hills, where it was fret* to carry on systematic n*- 
search in animal diseases of all kinds, the Muktesar 
Institute has built up a world reputation and has done 
an immense amount of work <if tin* greatest value to 
Indian stock owm rs. 

'^riie most important advance from the point of 
view of owners of live-stock has iiiid(nd)tedly heeii the 
great step forward which has been madi* in the control 
(»f rinderpest <luc t(» the general adoption <if a system 
of vacrinatioii with goat \ irus. 

'riiis method has t>e»'n (‘\olveil as a result <d* the 
continuous research and investigation, which has been 
carried (»n at Mukti sar for many yi'ars, into all matters 
relating to rinderpest control. In the lourse of this 
w(»rk Dr. d. 'T. Kdwards produced a goat virus of 
fixed and rediu*ed virulence for the ox and from this 
beginning a iTiethod <d' vaeeinalion has been t volved 
there, which has proved highly successful and e<‘ono- 
mieal in coiitndling outbreaks of rindert)est among 
plains cattle, witlmut the use of anti rinderpest s< rum. 

'riiis dis<‘overy has matle it possible to control out- 
breaks at a fractional cost, <*ompared with the cost 
of the serum simultaneo'is or serum ahme methods, and 
at the same time to csiiifcr lasting immunity which, 
so far, has proved to be a soli<l one, bw as long as it 
has been possible to test it, up to nmre than .*{ 

years. 

For the p<»or cultivator of India whose very life 
depends on his cattle, this is an immens<' boon and 
the fact of cattle plague being so eom])aratively easily 
and chca))ly controllable has enabled Provincial 
Veterinary I )e]»artm(‘nts to devote more attention tt» 
other fatal diseases such as hat-inorrhagie septicaemia, 
and anthrax. 

The.se still take a heavy toll of the cattle of India 
but arc now better und(*r control by irn-ans of biologi- 
cal products, evolved for the most part in other 
countries, a?id during the past o tir <i y«-ars great 
advance has been made in the treatment of Surra as 
a rc.snlt of research at .Muktesar and systematic in- 
vcsligation carried out in the Punjab and t»ther pro 
vinces. 

After indicating other directions j)f advance Sir 
ArtJuir said the field for scientific veterinary work in 


India is immense ami that fully trained work(*rs are. 
few. Meanwhile the ])oor ryot has to sutler continu- 
ous and hea\y loss from a great iiiunlu'r jif causes 
which, with more and latter trained statl ami more. 
ade<]uate pro\ ision for combined v< terinary and animal 
husbandry activities, eoidd easil\ l)e brought umhu* 
better control. 

The provision of a eeidral veterinary eollege, t«) 
provide* training up to tin* M.H.CW'.S. standard and 
in r<‘s<*/ireh. in «'<»n juncliem with the \'eterinary 
Itesrareh Instilules of 1/atnagar and Muktesar. is 
Ining taken up by the (ro\ ( r^iim'iit of India but more* 
fully epialifieel slatf ami be lter fae'ilities for researe-h 
ami animal husbauelry training an- urgently nee-eleel 
at most of the e-xisling e«)llege‘s: to enable* the*m te) train 
up tet modern stamlards and to earry eiiit sue*h 
eliagne»sti<* weirk ami researe h as e*an suitably be* mieh r- 
take*n at sue h e‘olh*g(*s. 

rids has bee*ome* all the more ?ii‘e*essary since* the* 
provisiem by !he Imperial Couneil e)f Agrie'idtiiral Re- 
s«*arch e»f a N’e terinary 1 nveslig;iting Staff, in e*ae*h 
major pro\ iiu*e* ami e*i*rtain Statos, whie h it is ne)W 
prevposeel to e*xte‘uel ami eli*\<*h»p for the* systeinatie* 
invesligatiem of disease pretblenis all ove r the* eeiuntrv 
whie*h is se) urge'fdly nee*deel. This invest igatiem we»rk 
has iiie'rease el the de nianel tor ce) evrelinate'd ve te rinary 
re'Seareh. 

“ rile* fie lel for sue h wevrk is unlimite*el ami up tei 
the* present almeist untoueheel hut, feir sueh vveirk, high 
stanelanls of eibieation arnl vtlerinary training are* 
ne’ieleel ami 1 apfieal tei Imlian vete rinary institutiems 
of all kimis to aim e*e>nstanlly at pre>ebie*ing vele rinari 
alls fully e({ui])))e*el for sueh vveirk ami able* te> take* 
the* pre-eleimin.ant phie'e* in animal hiisbanilry weirk tor 
whieh their training unde r Inelian e*e)nelitie)irs anel daily 
expe rience* shemlel feinn the* be st bae'kgreumel. " 

'I'he* low slamlarels eif e elue'atiem anel training which 
are* neivv eaimiiiemly ae*e*e*ple*d tor Imlian ve*tcrinary 
graehiate s will ne ve r preivide the highly traineel ve*te*ri- 
nary .servie*e*s whie*h are* e sse ntial fe»r the* preiper stuely 
and e*euilre)l of elisease* anel for syste inatie* impreiv e*ment 
of livesteiek in this sub eemtim nt anel if the* ve*te*rinary 
preifcssiem aspires te> take* its preiper place* anel le> 
justify highe r se*ale*s e»f pay it will have* tei insist on 
raising its standarels, at least as regards sele*cte*el 
.slmh'rits, te» the le ve ls whie h have* iieiw been adopted 
in all preigressive* e*e)untrie*s. I.evw standard of educa- 
tion and training e*an emiy mean low status and low 
.s<*alcs of pay. 
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Physiology 


Physiology of the Individual in the 
Tropics < 

— II. i\. riiiipra 

Nriirly .‘JOOO years ago. tiu* Hiiuiii physician 
(’liarakfl drew atlt iition In I lie etteets of ‘ airs, waters, 
places ' on diH’i'i't'iit iii(li\'idiials and similar doctrines 
were propounded hy the (Jnek physician Hippocrates. 
.Vftcr the disetivery of hnetcria as cause of disease 
einpliasis was laid iium- on the invading parasite than 
on the invaded individual. It is, however, necessary 
to divert our attention from the miero-organism to 
th(‘ patient. 'I'he (‘limatie factors siu‘h as high ttan- 
peratnre, humidity, sunlight, etc. exert their etreels 
on man in a siditle atid sometimes urmuasurahle 
manner. Residence in the tropical climates for 
generations has probably emlowed the tro))ieal races 
with certain powers of ada])tntioTi which are particu- 
larly suit able for his continued existence under the 
particular condition. .Man is fashioning his own 
evolution by struggling to adapt himself to his climatic 
efivironm<*nt ami thcr<‘fore he is bound to re<‘eiv<- 
modifying impressions from them. 'Flic physiological 
functions of a tropical individual may not be indentical 
with those of staying in the temperate climates, The 
tropical man is said to dilTer so far as his resistance 
to diseast*, en»*rgy levels, sexual maturity, skin sensa- 
tions. nervous and mental im|)ressioii, jihysieal 
featiin s, blooil and respiratjiry functions are eon<'ern- 
cd from the resich'iits of tt'inperate elimcs but m» reli 
able data arc availabh-. 'Fhe normal physiological 
reactions of the tropical races should la- studied with 
special n-ferenec to the " airs, waters and pla<*es.” 
Not that one should study micro organisms less but 
that more attention should be paid to the environment. 

'I’he ({uestion of Indian dietaries is of utmost ini 
portanec and conilieting views have been expre.ssed 
by authorities. In this connection (’(d. Chopra’s views 
ari‘ interesting. " It has been pointed out ’’ the 
speaker said " that in many parts of the world tho.se 
who consume a diet with high protein content have 
a better physiipie and ar<* more virile than others of 
the race who for one rea.son or anotin-r consume less 
protein. In the north of Italy, for instance, where 
the protein consumption is higher^ the physique, is 


better than in the south. 'I’he same statement has 
hcim made about India, although here raeial differem- 
ccs may have .something to do w’ith the difforencc.s.’* 

On the other hand, the fact cannot be overlook- 
ed that the meatless diet of some of the finest soldiers 
of the Indian army has a low protein content. There 
is already a considcrahlc vidiimc of opinion that the 
protinn intake in the tropics shouhl he less than in 
IcToperate climativs and the (’hittenden and Voit 
standards of ])rot(‘in cpiots may not he a])plieablc to 
tin* Indian dit-lary. ” 

It is well known that protein fooil hy virtue of 
its specific dyiiamit* action, generates a good deal of 
heat, 'i’he Kskinios who live in the aretie zone, con- 
sume largi- (piantitics of meat sufficient to raise their 
metabolism over .HO pc-r cent, which is an obvious 
pra(‘tieal atlvantage. Sm-h a diet in the tropics would 
be considered imsatisfaetory as it would throw an 
additional burden on (In- heat regulating mcelianism 
which is already overtaxed. l''rom this point of view 
a low jirotein vegetarian diet seems logical and atlvis- 
ablc in the tropics. Recent res(‘arclics have shown 
lliat the main defieieiiey in the Indian dietary is the 
lack of protein of high biological value and cm’tain 
salt and this d(*fcct can be i*asily overcome by taking 
small fpiaiititit-s of milk. 

From the )>oint of view of adaptation to a tropi- 
cal environment a diet <-omparatively poor in fat has 
obvious advantages, hi the coldei: parts of the world, 
where harder phy.sieal work can be, and often is 
performed, a fairly high «-aIorie intake is necessary 
and tif.'s cannot be supplied w'itliont including a gener- 
ous proportion of fat. A caloric intake of a Canadian 
lumberman of 9000 for (‘xample could not be consumed 
as .starch w'itlioiit cutting too much strain on the de- 
mands of the alimentary canal. F^al is much less 
bulky than ccn*al foods and, bulk for bulk, is a much 
richer source of energy and heat. Resides, in the 
tropics an unduly large layer of body fat external or 
internal i.s not so necessary as in the «*ooler regions 
w'hieh naturally leads to a diminished demand for it 
in the. dietary.” 

'rile prevailing diet of the masses in the tropics 

consists predominantly of carliohydrates. This is 
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physiologically of great advantage and should not he 
criticised too lightly, as is often the vogue. On a 
carbohydrate diet, an increased amount of water is 
available for evaporation and urine seiuvtion in case 
of necessity, (-arbohydrates are always first to Im‘ 
metabolised and during this process, they can absorb 
and retain a considerable amount of fluid in tlie sys- 
tem which is naturally of immense hclj) in the tropics. 

C’ol. Chopra in Ids conchuling remarks observed: 

“ The idea that living bodies receive modifying 
impression both as rt*gards form and quality, from 
the physical cnvironniciit is of ancient origin and may 
be said to be definitely established by tlie experimental 
physiological data now available. 

The human orgaidsm (the mierocosmos) swings 
in a definite rhythm with the macrocosmos (atmos- 
pheric environment). In the interplay of the meteoro- 
logical rhythm with tlie biological rhythm of the 
individual, there may be synclironi/ation, amplifica- 
tion, summation or negation of tdfccts, depending on 
the type and reactivity of the individual. It is con- 
ceivable, for exani))le that a long thin, flaccid individual 
will react to an c'nvironineiital feature such as atmos- 
j)heric temperature, differently from a florid stocky 
and strong type of indivi<lual. This brings us to the, 
im])ortant question of constitution and shows how the 
(juestion of normality may Iw inter-related ultimately 
to the constituiional typos. 

'i’he immediate effects of tropical heat and humidi- 
ty on tile inhabitants of cooler eJiinntes are known. 
Most of the jdiysiologieal measurements have been re- 
corded either on white, races migrating to the Irojiies 
or at best on white settlers in the tropics. But these 
data cannot be used satisfactorily to explain how* a 
native of the tropical climate wouhl react to such 
varieties. These records of altered physiological 
manifestations arc no doubt useful indications of the 
type of variations b) lx* expected, but any eoiiiparison 
w’ilh the Kuropean figures as the standard will 
naturally be of doubtful value.” 


'Fhe question of basal metabolisni and the inter- 
related problem of o])timuin diet in the tropics needs 
further investigation even though the available data 
are by no means meagre. 'J'here seems to he some 
evidence to show that metabolism in the tropics is 
slightly low'cr than in cooler climates. As this obser- 
vation fils in remarkably well with the known physio- 
logical facts regarding heat regulation in the tropics 
and the diet in the tropics is predominantly rich in 
earliohyd rales and poor in fats and proteins Kuro])eaii 
investigators are prone to lean to this view. Work in 
the Caleulta School of Tropical Medicine, however, 
has slmwn that there is hardly any dillVrenee in tlie 
basal metabolic rale in ap])arently healthy Indians 
( Bengalees) subsisting on an ordinary mixed diet.” 

'I’he general belief is that sexual ninlurily is gained 
earlier in the tropics than in cooler eliinales. Recent 
researches Iiow'ever tend to indicate that the reverse 
is ))rohahly true. Miu“h useful work e«uild he done 
ill fhis eonneetion in India. It is pn)l>al)le that the 
final answer to these and to many sueh eoiitlieling 
hypiitheses will l)e found lhr»>\igh a study of the en- 
doreine inter-relationships. 

In modern medicine and physiology, a eonsidera- 
tion of the (‘iiviroimn'iital influence has been ri‘legaled 
to the haekground for it has been thought that all 
aeiile iiiiVetious proe(‘ss(‘S and normal physiological 
events run a eomparativ(‘ly steaily course, uninfliietieed 
by environmental factors. Knough scientific evidence 
is now availahh', which leaves little room for dcmht 
that environmental fai’tors are important forces to be 
rt'ckoned with and that if thi'se are studied in gr(‘xt<'r 
detail, parlieularly with reference to the changes that 
they might, produce in the human organism, a new 
hraiieh of |)hysiology may he developed in this eounlry. 
The material is in abundance.; but it needs the sickle 
«)f properly organised and directed research to garner 
a harvest w'hii'h w'ill be of tiie gn'atest value to us 
in Imlia as w'cll as to tlie W'orld at large. 
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Psychology 


Ambivalence 

—Dr G. lluH«‘ 

Opposite j(roiips of leiideneies exist side l)y side, 
ill the Iniman mind. Generally these ti-iideiieies find 
alternate satisfaetion in dilferent types of aetion. 
Sometimes however tJiey clash with one another g;iv- 
iii;^ rise to anomalous hi'havioiir. When in any act 
there is evidenee of the simidtaneous presence- of de 
fienee and obedience, or of love and iiate, or of 
|)leasHntness and unpleasantness or of opposite jndge- 
immts the behaviour is called ambivalent. Strictly 
speaking: the term ambivalence should be reserved for 
those eases only in which the picnliarty in tin- coiuluct 
is due to the eonfliel iif two opposing; traits one of 
whieli remains imeonseioiis. \\'hen we say that a son s 
attitude towards his father is ambivalent we do not 
me.an that he sometimes hates him and sometimes lovi s 
him, but that his behaviour is to be interpreted as a 
eonseious love reaction mixeil up with an unconscious 
hate-reaction or vice versa. In such eases the eon- 
si'ious emotion attached to the act is eitlu-r of love 
or one of hale, Instanees of ambivahMiee are to be 
found in normal ehildren and less fnHpieiitly in nor 
mal adults as well. It is however in certain types 
of insanity known as dementia paraeeo.v that ambi' 
valence attains a pathological develojmieiit. 'riiese 
])atieiits oft(‘n do the exact of what is demanded of 
them. In some instanees it is possible to eontnd 
them ami make them follow a required eoursi' of ae- 
tion by asking them to ihi the opposite. A patient 
of this type when asked t») receive .something .stretches 
out his hand but at the same time keeps liisi palm 
down. 'I'here may be no otiu-r evidenee of hositility 
«)r defienee. 

Psychoanalysts iiave shown that in early childhood 
our libido which pnnides the energy for sexual lov«*, 
is directed towards the parent of the ojipo.site sex with 
the result that the parent of the same sex is consider 
ed a rival in love and becomes an object of hate in 
the unconscious mind of the child. In the conscious 
mind Imwever love for both the parents may be the 
dominant emotion. laive and hate thus get mixed 
u]) and provide the basis for the arousal of ambi- 
valence. Then again in the earlier stage of libido de- 


velopment oral activities form the chief manifestations 

love. The child tries to eat everything that it 
hjves. The act of eating destroys the loied object, 
'riie oral libido thus loves and destroys at the same 
time and Freud says that this form of love is hardly 
to hv distingiii.shed froin hate in its behaviour towards 
tile object: the eaimihal has a devouring love for his 
enemy. This oral love is also considered to he a 
re.sponsible fnetor in tlu* genesis of ambivalence. 

Psyehoanaly.sts liave. sougiit to explain ambivale.nei* 
on the basis of the antithesis lietween love and hate. 
In positing such an opposition we fail to note wdial 
we <‘hII love or liah* are complex situations made up 
of wishes, feelings and emotions. Love- wish is not 
the same thing as love emotion. 'Phe otiposition be- 
twe«‘ii love and hate wlum tliere is any i.s to he sought 
for ill the domain of love-wish and hate-wish and not 
in the love-emotion and hate-emotion, nor in pleasure 
mid pain. The act of killing or destroying is often 
associated with the emotion of hate and it is quiti' 
easy to confuse the wish to destroy wdth the emotion 
of hate. Kmotions and ft*clings an‘ more or less like 
colourings. The act of destruction itsi'lf may he 
pleasurably toned. One might with |)erfeet justi- 
tiealion .say in I'crtain situations, " I would love to kill 
my enemy. ' Ilevt'iige may certainly be sweel. 

Love and hale aiu’. pleasure and pain are opposites 
iHily when they evoke o])])osite types t)f activities 
otiu rwise tlu*y may be considered as so many iliffer 
eiit experiences, 'riu* same act may be pleasurable 
to day and painful to-morrow. 'Phe arousal of plea- 
sure. or pain or of love or hate depends on many 
factors. Feelings and emotions of any speeitie typ<‘ 
are not inherent in speeilie acts. Neither can })lea- 
surable and painful wi.shes nor love and hate wi.slies 
be listed under two separate classes. 'Phe same 
wisli may be invested with either love or hate, plea- 
sure or pain so the antithesis between pleasure and 
pain and love and bale do not really exi.st. When 
an op])osition is iiresent at all it is traceable to con- 
tradictory action altitude and is independent of the 
feelings and emotions. The real opjiosition is to bt* 
noted only in the domain of w'isli and the genesis of 
ambivalence is to be looked for in this direction. 
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From tlie standpoint of action attitude wishes may 
b<* broadly classed under two heads virj., ai-tive and 
passive, if we cxuiiiine the nature (»f active, and pas 
sivc wishes wdtli reference to their ohjeet choice we 
find that some of them correspond t<j one another in a 
very striking way, e.//., the aetiv<‘ wish to kiss a 
loved person has its exact eoiiiilerpart in the passi\e 
wish to be kissed by tliat person. 'I'lie action attitudes 
of two such wishes being exact opposite they eaniud 
obviously arise in consciousness simultaneously but tin* 
corresponding verbal expnssi<ms may both be eon 
Scions at tlie same time. 'I'lu rc is a regnlar .secjueiiee 
of arousals of these opposite, wishes. The satisfac- 
tion of one invariably gives rise to the eonseioiis de- 
mand for the other. In kissing we <-xpeet to he 
kissed in return and in being kissed we return kiss. 
IJiile.ss bolli tb(‘ active and the passive acts are gone 
llirough a feeling of ineomplelein'ss and tension per- 
sists. 'rids traceable to the operations <d' the unsatis- 
fied wisli. Tlie eorn'sponding aeliv(‘ and passive 
wishes arc thus se<*n to be more «»r less inseparable 
and to form pairs, Salisfaetion. wbelber voluntary 
or involutary, of one of the elements of tlie jiair 
serves as a stiimdiis lo llm arousal of the othm* in 
eonseiousiiess. Pairs of active and passive wishes are 
generally to be found in our dealings with other 
sentient individuals of our own species i,r., in love 
and social intercourse. Since llu‘se pairs of aidive ami 
passive wislies are to be found in all persons a kiss 
evokes a eonnler-hiss, a blow i vokes n eoimter blow, 
a visit evokes a return visit and so on. rids is the 
meelianism of all reiiproeal and retaliatory actions, 
'rile law that gov« riis siieli actions is the Mosaii* Law. 

'rile, presence of paired wishes both in tlir sub 
jeet and in the reeijiroealing sentient object leads to 
the formation of a sj)eeial bond between them. 'I’he 
subjeet ean easily appreeiate the position id' the t»b 
jeet in arts of this type.. During kissing, for 
in.stanec, the subjeel’s desire lo In? kissed remains 
latent and it is latent desire that enabhs liiiii to 
realise the pos'ition of the ohjeet who is invested with 
the. .same desire. 'I'hc snhjeet’.s labml eoimter wish 
is supposed to be the eonseions wdsh of the reidjiroeal- 
ing object. 'I’lns serves as bond of identification^ be 
tween the subjeet and the object. Oiiec the bond is 
established the ego can transfer itself lo the objeel’s 
position and appreeiate the lal tor's reeiiiroeal ten- 
dency. Under certain conditions the bond of identity 
remains incomplete and the mobility of the ego lo 


go over lo the ohjei t's pusilioii is impaired. Struggle 
and strain an* the iiu vitahle. dtiriiig fidfilmeiit of the 
conscious component wish of the pair. It is under 
such eireiimslanees tlial bate, disgust, pain, fear and 
other unpleasant experienees arises and ambi\aleiiee 
deveh)ps. .V sluirt of I'ompromise often lakes place 
bflwecii till* I'oiiseioiis and the uneonseioiis elements 
of the pair of opposite wislies. l-’or example, the 
eonseions desire lo receive any thing is in the first 
iiislanee o])posed by the imeonseious desire to make 
a gift of the thing and then a eomproniise is elfeeted 
so that although llu* person eoneerned extends his 
hand lo receive the thing he nneonseiously keeps his 
palm down. .V typical ainbivah'nt situation is thus 
< roated. 

'Die impairint‘iit of the mnbiJily of llie ego lo go 
over to the position «)f the object is the central fac-tor 
in ainbivabniee. Cliildbood intlueiiei-s are n‘sponsibIe 
for bringing this about. If liii're is a one-sided in 
Hiumee in the cliildbood fa>onring tin* satisfaction of 
only one of the elements oi the ))air of opposite 
wishes, repression r«‘sulls and the mobility of the ego 
sidbrs in eoiiseqiieru'e. Lor instance if a t'liild is 
eonslantly allowed to hav(‘ its own way in everything 
and is n(‘ver made lo fiel any restraint, its active 
sadistic wislu s (libidinous tendencies lo infiiet ernelty 
on others) will have more oporlnnities for atdual 
salisfaetion than its iiiasoehistie ones (libidinous desire 
to snJler ernelty). 'Die ' Cbannala ” for sadistic 
discharge will develop at the ex|)en.se of the masoeliis- 
lie outlet si» that afic-r a tiiiM*, tin- aeenmulated ten- 
sion of biti-nl masoelii.sm breoinc's a disturbing factor 
and its elianiuds of disi-liargc; being ill-developt'd, its 
mobility suffers. In sadistic* act the part of the 
ego tliat goes over lo the sitnalion of the object 
plays the masoc-bislic* role. Jf ibis masoeliistic* 
half is ill-devc loped it cannot be transferred In the 
objec*l .sitnatioii and (he sadistic act itself lo.st‘.s its 
pleasurable tone. It shows signs of inaelioebistie 
c^ompromisi* or in other words ambivalence develops. 
It is re}»resc nled masochism that inake.s sadi.sin ambi- 
valent and vicT versa. So with all other pairs of 
oj)j)o.site wishes; active* homo sexuality repres.ses pa.s- 
sive homosexuality and vie*e versa; the desire to 
play the mother’s role. n*j)resses the, eliild’s (rdipu.s 
cravings ami ‘ vice versa ' and so on. Ambivalence 
appe-ars wbeiievcT there is repression of tliis type. 
It is therefore:, not a fumlaineiilal trait of mental life, 
it is the outcome, of the eonfliet between opposite 
wishes that go to form pair.s. 










